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APPENDIX A
NOTICE OF INTENT TO REMEDIATE, REPORT
NOTIFICATIONS, AND PROOFS

Remedial Investigation Report

Area of Interest 1

Philadelphia Refinery Complex

Philadelphia, Pennsylvania

Philadelphia Refinery Operations,

a series of Evergreen Resources Group, LLC

3144 Passyunk Avenue, Philadelphia, Pennsylvania



Philadelphia Refinery

Sunoco inc.

3144 Passyunk Avenue
Philadelphia PA 19145-5299
215 339 2000

October 12, 2006

Mr. Robert Day-Lewis
Pennsylvania DEP
2 East Main Street
Norristown, PA 19401

Mr. Steve O’Neil
Pennsylvania DEP

2 East Main Street
Norristown, PA 19401

Re:  Sunoco Inc. (R&M) Philadelphia Refinery
Philadelphia, Philadelphia County

Dear Mr. Day-Lewis and Mr. O’Neil:

In accordance with the Land Recycling and Environmental Remediation
Standards Act (Act 2), enclosed are two copies of a Notice of Intent to Remediate
{NIR) for the Sunoco Inc. (R&M) Philadelphia Refinery. This NIR covers
remediation being done as part of the 2003 Consent Order and Agreement
(CO&A) at Point Breeze, Girard Point and Schuylkill River Tank Farm.
Remediation at Belmont Terminal, which is part of the CO&A, is not part of this
NIR since this site is not subject to RCRA Corrective Action. Sunoco is
considering submitting a separate NIR for this area under the Act 2 program only.

This NIR is being submitted with the intent to enter the Sunoco Philadelphia
Refinery into the One Cleanup Program with PaDEP and the USEPA. All
remediation work at the Philadelphia refinery will be completed under the 2003
Consent Order & Agreement (CO&A), however, RCRA Corrective Action
measures will be addressed concurrently with work performed under the CO&A
and within the Act 2 program.




September 21, 2006
Page 2

Please call me at 610-859-1881 or email me at jroppenheim@sunocoinc.com
with any questions or comments.

Best Regards,

James Oppenheim, PE
Sr. Environmental Consultant

Cc: Sunoco Legal Dept.
Philadelphia Refinery Environmental Central File
David Burke, PADEP
Walter Payne, PADEP
Hon Lee, USEPA Region IIT
Colleen Costello, Langan
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Will remediation be to a site-specific standard X or as a special industrial area [ ]? If so, the municipality or
municipalities must be provided 30-day comment period.

Remediator/Property Owner/Consultant. For each of these recipients of the approval of the final report, complete
form below.

Remedi

Contact Person: James R. Oppenheim

Relationship to site (e.g. owner, remediator, participating in cleanup, consuitant): Remediation Project Manager

Phone Number: (610) 859-1881

Company Name: Sunoco, Inc. (R&M)

Address (street, city, state, zip): 100 Green St., Marcus Hook, PA 19061

Email Address: ]roppenheim@sunocoinc.com

Contact Person: Scoft Baker

Relationship to site (e.g. owner, remediator, participating in cleanup, consultant); Environmental Manager

Phone Number: (215) 339-2074

Company Name: Sunoco, inc. (R&M)

| Address (street, city, state, zip): 3144 Passyunk Ave. Philadelphia, PA 19145

| Email Address: sabaker@sunocoinc.com

Contact Person: Colleen Costello

Relationship to site (e.g. owner, remediator, participating in cleanup, consultant): Consuitant
Phone Number: (215) 864-0640

Company Name: Langan Engineering and Environmental Services

Address (street, city, state, zip): 30 South 17th St., Suite 1500, Philadelphia, PA 19103

Email Address: ccostello@langan.com

Preparer of Notice of Intent to Remediate:

Name: James Oppenheim Title: Project Manager

Address: 100 Green Street Telephone: (610) 859-1 881
Marcus Hook, PA 19061

Email Address: jroppenheim@sunocoinc.com

Email Image File of Site Map showing property lines and general area of site(s) to be remediated to:
(Iandrecycling@state.pa.us)




Philadelphia Refinery

Sunoco Inc.

3144 Passyunk Avenue
Philadelphia PA 19145-52399
215 339 2000

October 12, 2006

Manager

Philadelphia Department of Public Health
Environmental Health Services

321 University Avenue

Philadelphia, PA 19104

Re:  Sunoco, Inc. (R&M) Philadelphia Refinery
Philadelphia, Philadelphia County

Dear Sir/Madam:

The Land Recycling and Environmental Remediation Standards Act (Act 2) requires that

a Notice of Intent to Remediate (NIR) be provided to the municipality in which the site is
located when a site is being remediated to a site-specific Standard. The municipality is -
afforded a 30-day comment period. In accordance with this provision of the Act, Sunoco,
Inc. (R&M) is formally notifying you of its intent to remediate the subject site under Act
2. A copy of the NIR, which will be sent to the Pennsylvania Department of
Environmental Protection (PaDEP), is enclosed. This notice will also be published in the
Pennsylvania Bulletin, and a summary of the notice appeared in the Philadelphia Daily
News on October 16, 2006.

Publication of this notice in the Philadelphia Daily News initiates the 30-day public and
municipal comment period. During the next thirty days, your municipality may request
to become involved in the development of the remediation plans for the site. If the
mumcipality wishes to become involved in this project, please send your comments to
Sunoco to my attention.

Please call me at (610) 859-1881 if you have any questions concerning the proposed
remediation. '

Best Regards,

James R. Oppenheim, P.E.
Senior Environmental Consultant




Cc:  Sunoco Legal Dept.
Philadelphia Refinery Environmental Central File

Steve O°Neil, PaDEP
Colleen Costello, Langan
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Will remediation be to a site-specific standard [X] or as a special industrial area [_]? If so, the municipality or
municipalities must be provided 30-day comment period.

Remediator/Property Owner/Consultant. For each of these recipients of the approval of the final report, complete
form below.

Contact Person: James R. Oppenheim

Relationship to site (e.g. owner, remediator, participating in cleanup, consultant). Remediation Project Manager

Phone Number: (610) 853-1881

Company Name: Sunoco, Inc. (R&M)

Address (street, cily, state, zip): 100 Green St., Marcus Hook, PA 19061

Email Address: jroppenheim@sunocoinc.com

Contact Person: Scotit Baker

Relationship to site (e.g. owner, remediator, participating in cleanup, consultant). Environmental Manager

Phone Number: (215) 339-2074

Company Name: Sunoco, Inc. (R&M)

Address (street, city, state, zip): 3144 Passyunk Ave. Philadelphia, PA 19145

Email Address: sabaker@sunocoinc.com

Contact Person: Colleen Costello

Relationship to site (e.g. owner, remediator, participating in cleanup, consuitant): Consultant

Phone Number: (215) 864-0640

Company Name: Langan Engineering and Environmental Services

Address (street, city, state, zip): 30 South 17th St., Suite 1500, Philadelphia, PA 19103

Email Address: ccostello@langan.com

Preparer of Notice of Intent to Remediate:

Name: James Oppenheim Title: Project Manager

Address: 100 Green Street Telephone: (610) 859-1881
Marcus Hook, PA 19061

Email Address: jroppenheim@sunocoinc.com

Email Image File of Site Map showing property lines and general area of site(s) to be remediated to:
{landrecycling@state.pa.us)



Proof of Publication in The Philadelphia Daily News

Under Act. No 587, Approved May 16, 1929

STATE OF PENNSYLVANIA
COUNTY OF PHILADELPHIA

Anna Dickerson being duly sworn, deposes and says

that The Philadelphia Daily News is a newspaper published
daily, except Sunday, at Phlladelphla Pennsylvania, and was
established in said city in 1925, since which date said newspaper
has been regularly issued in said County, and that a copy of

the printed notice of publication is attached hereto exactly as

the same was printed and published in the regular editions and -
issues of the said newspaper on the following dates: .

October 16, 2006

Affiant further deposes and says that he is an employee

of the publisher of said newspaper and has been authorized

to verify the foregoing statement and that he is not interested
in the subject matter of the aforesaid notice of publication, and
that all allegations in the foregoing statement as to time, place
and character of publication are true.

Swom to and subscrlbed before me this 16th day of

Copy of Notice of Publication

My Commission Expires: NGTARIAL SEAL

Mary Anne Logan, Notary Public
City of Philadelphia, Phila. County -
My Commission Expires March 30, 2009




LEGAL NOTICES

Newspaper Notice of Intent to Remediate
to an Environmental Standard.
(Sections 302(e){1)(ii}, 303¢h}1Xii),
304(n){1){i), and 305{(c){1))

Pursuant to the Land Recycling and Enviranmental Remediation Standards Act {Act), the act of May 19, 1995, P.L. 4, No. 1995-2,, notice
is hereby given that Sunoco Inc.(R&M) has submitted to the Pennsylvania Departmant of Environmentat Protection a Notice of Intent to
Remediate a site located at 3144 Passyunk Ave., Philadelphia, Philade!phia County, Pennsylvania. This Notice of Intent to Remediate
states that the site is a petroleum refinery. It has been determined that petroleurn compounds have impacted soil and groundwater at
the site. Sunoco In¢. (R&M) has indicated that proposed remediation measures will include source reduction and engineered boundary
controls. The proposed future use of the property is industrial for continued operation as a petroleum refinery.

Sunoco Inc. (R&M} plans to use the site-specific rernediation standard at the site. The Act provides for a 30-day public comment period
for site-specific standard remediation. The 30-day comment period is initiated with the publication of this notice. Unti! November 18,
2006, the City of Philadelphia may submit a request to Sunoco Inc. (R&M) to be involved in the development of the remediation and
reuse plans for the site. The City of Phitadeiphia may also submit a request to Sunoco Inc. (R&M) during this 30-day comment period to
develop and implement a public invelvement plan. Coples of these requests and of any comments should also be submitted to the
Department of Environmental Protection at 2 Sast Main Street, Norristown, PA 19401 to the attention of Mr. Walter Payne. All
correspondence with Sunoce Inc. {R&M) should be addressed to the Public Relations Dept., Sunoco Inc. (R&M) at 3144 Passyunk Ave,
Philadelphia, PA, 19145,

Appeared in: Philadelphia Inquirer & Philadeiphia Daily News on Monday, 10/16/2006



Evergreen Resources Management
2 Righter Parkway, Suite 200
Wilmington, DE 19803

November 17, 2014

Mr. C. David Brown, Ph. D., PG
Department of Environmental Protection
2 East Main Street

Norristown, PA 19401

RE: Philadelphia Energy Solutions Refining & Marketing LLC (PES) Philadelphia Refinery Complex
3144 West Passyunk Avenue, Philadelphia, Philadelphia County, Pennsylvania

Dear Mr. Brown:

In accordance with the Land Recycling and Environmental Remediation Standards Act (Act 2), enclosed is the revised Notice
of Intent to Remediate (NIR) for the Philadelphia Refinery Complex (site). The original NIR for the site was submitted on
October 12, 2006. The purpose of this revision is to update owner and remediator information for the facility. This revision
also includes a site location map depicting a change to property boundaries, most notably the exclusion of Belmont Terminal,
which was covered under a separate NIR submission on October 6, 2014. It should be noted that the Belmont Terminal was
not included in the original October 12, 2006 NIR, therefore, its exclusion from the revised NIR is not a change.

On August 14, 2012, Sunoco, Inc. (R&M) (Sunoco) entered into a Consent Order and Agreement with Philadelphia Energy
Solutions Refining & Marketing LLC (PES) and the Pennsylvania Department of Environmental Protection (PADEP) for the
Philadelphia Refinery Complex. As part of this buyer-seller agreement, Sunoco retained responsibility of remediation
activities for environmental conditions existing at the time of the transfer, and PES is responsible for environmental
conditions following the purchase agreement. On September 8, 2012, Sunoco conveyed the Philadelphia Refinery to PES.
Effective December 30, 2013, “Philadelphia Refinery Operations, a series of Evergreen Resources Group, LLC” (Evergreen)
assumed Sunoco legacy remediation liabilities with respect to the Philadelphia Refinery Complex. Evergreen will continue to
manage the remediation work at the facility under the One Cleanup Program with the PADEP and United States
Environmental Protection Agency (USEPA) and in accordance with 2012 Consent Order & Agreement.

Please call me at (302) 477-0192 with any questions or comments.

Best Regards,

= f//'//"él :

James Oppenheim, PE
Vice President

cc: Evergreen File
Charles Barksdale, Philadelphia Energy Solutions Refining and Marketing, LLC
Jennifer Menges, Stantec Consulting Services Inc.



For DEP Use Only
8000-FM-CRLG0010 Rev. 9/2010 COMMONWEALTH OF PENNSYLVANIA PE #
é‘@ [ . DEPARTMENT OF ENVIRONMENTAL PROTECTION
ri pennsylvania commuNITY REVITALIZATION AND LOCAL GOVERNMENT SUPPORT Rem ID #

NOTICE OF INTENT TO REMEDIATE

Act 1995-2 requires four general information items to be included in the NIR: the general location, listing of
contaminants, intended use of property, and proposed remediation measures. In addition, indicate the standard(s) to
be obtained (if known) and attach a scaled site map (if available).

Property Name Philadelphia Energy Solutions Refining & Marketing LLC (PES) Philadelphia Refinery Complex
Former Name(s) / AKA Sunoco Inc. (R&M) Philadelphia Refinery

Address / Location 3144 Passyunk Avenue

City Philadelphia Zip Code 19145
Municipality(s)City of Philadelphia County(ies) Philadelphia
Latitude 39 ° (deg). 55 ‘(min) 13.976 “(sec) Longitude 75 °(deg). 11 ‘(min) 52.429 “ (sec)

Horizontal Collection Method Geographic Information Systems

Horizontal Reference Datum NAD 1983 Reference Point Visitor Entrance
X] Wish to participate in the DEP/EPA MOA. Contact Troy Conrad at tconrad@state.pa.us for details.
EPA ID#, if known PAD049791098

DEP ID#(s), if known Multiple
(i.e., eFACTS site ID#, storage tank facility ID#, water quality permit #, watershed permit, air quality permit #, etc.)

Date Release Occurred (if known)

Provide a brief description of the site contamination in plain language (e.g. fuel oil spill, historical chemical industrial
area contamination), the names of any know primary contaminants to be addressed, and the intended future use of
the property.

The site contamination consists of impacts to soil and groundwater associated with historic petrochemical refining
operations. The primary consistuents of concern in soil and groundwater are lead, 1,2-dichloroethane, 1,2,4-
trimethylbenzene, 1,3,5-trimethylbenzene, benzene, cumene, ethylbenzene, methyl tertiary butyl ether, toluene, total
xylenes, ethylene dibromide, anthracene, benzo(a)anthracene, benzo(g,h,i)perylene, benzo(a)pyrene,
benzo(b)fluoranthene, chrysene, fluorene, naphthalene, phenanthrene, and pyrene. The future use of the facility is to

remain industrial.

Provide a general description of proposed remediation measures.

Evergreen is submitting this Notice of Intent to Remediate (NIR) in order update an NIR previously submitted on
October 6, 2006 which formally entered the property into the PA Act 2 Program. In November 2011, the facility was
formally entered into the PA One Cleanup Program with the USEPA and PADEP. The purpose of this NIR revision is
to update the facility ownership and remediator information. The facility has been divided into 11 Areas of Interest
(AOIls). These areas consist of the Point Breeze Processing Area North Yard (AOI 8) and South Yards (AOI 1
through AOI 4); the Girard Point South Tank Field (AOI 5) and Processing Area (AOI 6 and AOI 7); the Schuylkill
River Tank Farm (AOI 9); the West Yard (AOI 10); and the deep aquifer (AOI 11). Each AOI will be characterized in

accordance with PA Act 2, and remedial measures will be developed to address the risk of exposure identified during

-1-
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the characterization activities.
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Remediation Standard(s) planned (if known at this time):

] Unknown at this time ] soil ] Groundwater

] Background ] Sail ] Groundwater
Contaminants:

[] Statewide Health - Residential ] Sail ] Groundwater
Contaminants:

[] statewide Health — Non-Residential ] soil ] Groundwater
Contaminants:

X site Specific X1 Soil X Groundwater

Contaminants:

[] Special Industrial Area* ] Sail ] Groundwater
Contaminants:

*NOTE: Specific standard or Special Industrial Area require a 30-day municipal comment period

Remediator / Property Owner / Consultant. Complete the form below for each recipient obtaining a release of liability upon
approval of the final report. Attach additional sheets as necessary.

Remediator

Contact Person/Title Jim Oppenheim, PE/Vice President eFACTS Client ID* 314958
Relationship to Site Remediator Client Type* Limited Liability Company
(e.g. owner, remediator, participant in cleanup, consultant, etc.)

Phone Number (302) 477-0192 Email Address JROPPENHEIM@evergreenresmgt.com
Company Name Evergreen Resources Management EIN or Federal ID # 46-4184955

Operations

Address (street, city, state, zip) 2 Righter Parkway, Suite 200, Wilmington, DE 19803

Property Owner

Contact Person/Title Charles Barksdale Jr./Site Environmental Director eFACTS Client ID* 298341
Relationship to Site Owner Client Type* Limited Liability Company
(e.g. owner, remediator, participant in cleanup, consultant, etc.)

Phone Number 215-339-2074 Email Address charles.barksdale @pes-companies.com

Company Name Philadelphia Energy Solutions Refining and EIN or Federal ID # 61-168974
Marketing, LLC

Address (street, city, state, zip) 3144 Passyunk Ave, Philadelphia, PA 19145

Consultant

Contact Person/Title Jennifer Menges/Principal Consultant, LRS eFACTS Client ID* N/A
Relationship to Site Consultant Client Type* N/A

(e.g. owner, remediator, participant in cleanup, consultant, etc.)

Phone Number (610) 840-2540 Email Address Jennifer.Menges@stantec.com
Company Name Stantec EIN or Federal ID # N/A

Address (street, city, state, zip) 1060 Andrew Drive, Suite 140, West Chester, PA 19380

*Include eFACTS Client ID (if known) — “Client Types” below:

Association/Organization Limited Liability company Partnership-General
Authority Limited Liability Partnership Partnership-Limited
County Municipality School District
Estate/Trust Non-Pennsylvania Government Sole Proprietorship
Federal Agency Other (Non-Government) State Agency
Individual Pennsylvania Corporation

Preparer of Notice of Intent to Remediate
Name Jim Oppenheim, PE Title Vice President

Phone Number (302) 477-0192 Email Address JROPPENHEIM@evergreenresmgt.com
Company Name Evergreen Resources Management eFACTS Client ID

-3-
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Operations
Address (street, city, state, zip) 2 Righter Parkway, Suite 200, Wilmington, DE 19803
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Evergreen Resources Management
2 Righter Parkway, Suite 200
Wilmington, DE 19803

November 17, 2014

Leigh Anne Rainford, MPH

Sanitarian Supervisor

Philadelphia Department of Public Health
Environmental Engineering Section

321 University Avenue

Philadelphia, PA 19104

RE: Philadelphia Energy Solutions Refining & Marketing LLC (PES) Philadelphia Refinery Complex
3144 West Passyunk Avenue Philadelphia, Philadelphia County

Dear Ms. Rainford:

The Land Recycling and Environmental Remediation Standards Act (Act 2) requires that a Notice of Intent to Remediate (NIR)
a site be provided to the municipality in which the site is located. This notification is to inform the City of Philadelphia of the
submission of an update to the original October 12, 2006 NIR. The purpose of the revised NIR is to update the facility owner
and remediator information. On September 8, 2012, Sunoco Inc., (R&M) (Sunoco) conveyed the Philadelphia Refinery to
Philadelphia Energy Solutions Refining & Marketing LLC (PES). As part of the transaction, Sunoco retained responsibility for
remediation activities for environmental conditions existing at the time of the transfer. Effective December 30, 2013,
“Philadelphia Refinery Operations, a series of Evergreen Resources Group, LLC” (Evergreen) assumed Sunoco legacy
remediation liabilities with respect to the Philadelphia Refinery Complex. A copy of the revised NIR is enclosed for your
reference.

Please call me at (302) 477-0192 if you have any questions concerning the proposed remediation.

Best Regards,

James Oppenheim, PE
Vice President

cc: Evergreen File
C. David Brown, PADEP
Charles Barksdale, Philadelphia Energy Solutions Refining and Marketing, LLC
Jennifer Menges, Stantec Consulting Services Inc.
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July 27,2016

Attention: Leigh Anne Rainsford, MPH
Sanitarian Supervisor

Philadelphia Department of Public Health
Environmental Engineering Section

321 University Avenue

Philadelphia, PA 19104

Reference: Remedial Investigation Report, Area of Interest 1
Philadelphia Energy Solutions Refining & Marketing LLC (PES) Philadelphia Refinery Complex,
3144 West Passyunk Avenue, Philadelphia, Philadelphia County, PA

Dear Ms. Rainsford,

Notice is hereby given that Philadelphia Refinery Operations, a series of Evergreen Resources Group, LLC
(remediator) is in the process of submitting a Remedial Investigation Report to the Pennsylvania
Department of Environmental Protection for Area of Interest 1 located within the Philadelphia Energy
Solutions Refining and Marketing LLC (PES) facility, City of Philadelphia, Philadelphia County,
Pennsylvania. The report is being submitted in accordance with the site-specific remediation standards.

This notice is made under the provision of the Land Recycling and Environmental Standards Act, the Act
of May 19, 1995, P.L. #4, No. 2.

Regards,

STANTEC CONSULTING SERVICES INC.

Cé&gﬁm

Jenny DeBoer

Geologist

Phone: (610)-840-2545

Fax: (610)-840-2501
jenny.deboer@stantec.com

cc. Jim Oppenheim, Evergreen
Tiffani Doerr, Evergreen
Charles Barksdale, PES
Jennifer Menges, Stantec
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July 27,2016
Via electronic mail: ads@phillynews.com

Attention: Mary Anne Logan

Legal Advertising Department — Daily News
P.O. Box 8263 — 4th Floor

Philadelphia, PA 19101

Reference: Remedial Investigation Report, Area of Interest 1
Philadelphia Energy Solutions Refining & Marketing LLC (PES) Philadelphia Refinery Complex
3144 West Passyunk Avenue, Philadelphia, Philadelphia County, PA

Dear Ms. Logan,

On behalf of Philadelphia Refinery Operations, a series of Evergreen Resources Group, LLC
(Evergreen), Stantec Consulting Services Inc. requests that the following Public Nofice be published in
the Philadelphia Daily News under the legal notices section.

Notification of Submittal of a Remedial Investigation Report

Nofice is hereby given that Philadelphia Refinery Operations, a series of Evergreen Resources Group,
LLC (remediator) is in the process of submitting a Remedial Investigation Report to the Pennsylvania
Department of Environmental Protection, Southeast Regional Office for Area of Interest 1 located at
the Philadelphia Energy Solutions Refining and Marketing LLC (PES) facility, Philadelphia, Philadelphia
County, PA. The report is being submitted in accordance with the site-specific remediation
standards. This notice is made under the provision of the Land Recycling and Environmental
Remediation Standards Act, the Act of May 19, 1995, P.L. #4, No. 2.

Please publish the notice as soon as possible and email the proof of publication to me at
jenny.deboer@stantec.com. Please also mail the hard copy of the proof of publication to my
atftention at the following address:

Stantec Consulting Services Inc.
Attn: Jenny DeBoer

1060 Andrew Drive, Suite 140
West Chester, PA 19380



July 27,2016

Mary Anne Logan
Page 2 of 2

Reference: Remedial Investigation Report, Area of Interest 1
Philadelphia Energy Solutions Refining & Marketing LLC (PES) Philadelphia Refinery Complex

Should you have any questions or comments regarding the request, please contact me at (610)
840-2545.

Regards,

STANTEC CONSULTING SERVICES INC.

é\a&eﬁm

Jenny DeBoer

Geologist

Phone: (610)-840-2545

Fax: (610)-840-2501
jenny.deboer@stantec.com

cc. Jim Oppenheim, Evergreen
Tiffani Doerr, Evergreen
Charles Barksdale, PES
Jennifer Menges, Stantec



Proof of Publication in The Philadelphia Daily News

Under Act. No 587, Approved May 16, 1929

STATE OF PENNSYLVANIA
COUNTY OF PHILADELPHIA

Cindy Jakubowski being duly sworn, deposes and says

that The Philadelphia Daily News is a newspaper published
daily, except Sunday, at Philadelphia, Pennsylvania, and was
established in said city in 1925, since which date said newspaper
has been regularly issued in said County, and that a copy of

the printed notice of publication is attached hereto exactly as

the same was printed and published in the regular editions and
issues of the said newspaper on the following dates:

July 29, 2016

Affiant further deposes and says that she is an employee

of the publisher of said newspaper and has been authorized

to verify the foregoing statement and that she is not interested

in the subject matter of the aforesaid notice of publication, and
that all allegations in the foregoing statement as to time, place

and character of publication are true.

Sworn to and subscribed before me this 29th day of
July, 2016.

Notary Pillic
My Commission Expires: o S
: COMMONWEALTH OF PENNSYLVANIA
NOTARIAL SEAL '
* MARY ANNE LOGAN, Notary Public
City of Philadelphia, PhN%
My Commission Expires March 30, 2017

Copy of Notice of Publication

. Notification of Sub-
mittal of a Remedial
Investigation Report
Notice is hereby given

‘ that Philadeiphia Re-

| finery Operations, a

series of Ewvergreen

Resources- Group,
LLC (remediator) is in
the process of sub-
mitting a Remedial In-
vestigation Report to
the Pennsylvania De-
partment of Environ-
- mental Protection,

terest 1 located at the
Philadelphia Energy
Solutions Refining
and Marketing LLC
(PES) facility, Phila-
delphia, Philadelphia
County, PA. The re-
port is being submit-
. ted in accordance
with the site-specific
remediation stand-
ards. This notice Is
made under the provi- |
sion of the Land Re-
cycling and Environ-

Standards ct, the
Act of May 19, 1995,
—P.L.#4.No.2.




APPENDIX B
QUALITY ASSURANCE/QUALITY CONTROL PLAN AND FIELD
PROCEDURES MANUAL

Remedial Investigation Report

Area of Interest 1

Philadelphia Refinery Complex

Philadelphia, Pennsylvania

Philadelphia Refinery Operations,

a series of Evergreen Resources Group, LLC

3144 Passyunk Avenue, Philadelphia, Pennsylvania

g Stantec



Quality Assurance/
Quality Control

Plan and Field
Procedures Manual

Sunoco Partners Marcus Hook Industrial Complex and Philadelphia
Energy Solutions (PES) Philadelphia Refinery Complex

@

Evergreen Resources Management Operations
May 20, 2016



QA/QC Plan and Field Procedures Manual i

Evergreen May 20, 2016
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1.0 INTRODUCTION

This Quality Assurance/Quality Control Plan and Field Procedures Manual (QA/QC Plan)
outlines the procedures developed to ensure the collection and analysis of quality data for
investigations completed under the United States Environmental Protection Agency (USEPA)
Resource Conservation and Recovery Act (RCRA), Pennsylvania Department of Environmental
Protection (PADEP) Act 2, and Pennsylvania and Delaware's Tank programs at the Sunoco
Partners Marketing and Terminals, LP (Sunoco Partners) Marcus Hook Industrial Complex
(MHIC) and the Philadelphia Energy Solutions Refining and Marketing, LLC (PES) Philadelphia
Refinery Complex (PRC) on behalf of Evergreen Resources Management Operations
(Evergreen). This document shall be used in conjunction with the site-specific work plans
developed for each site and Standard Operating Procedures (SOPs) for field work as incorporated
as Appendix A of this QA/QC Plan.

The QA/QC Plan is a planning document that provides a "blueprint" for obtaining the type and
quality of data needed to support environmental decision making. The QA/QC Plan integrates
relevant technical and quality aspects of a project and documents quality assurance and quality

control.

The selection criteria and evaluation specified in this document will be used for validating the
data in accordance with the USEPA Guidance on Environmental Data Verification and Data
Validation (USEPA 240-R-02-004), dated November 2002 (EPA QA/G-8), USEPA Contract
Laboratory Program National Functional Guidelines (NFGs) for Superfund Organic Methods
Data Review (USEPA 540-R-08-01), dated June 2008 (SOMO02.2) and USEPA Contract
Laboratory Program National Functional Guidelines for Inorganic Superfund Data Review
(USEPA 540-R-10-011), dated January 2010 (ISM02.2). Qualifiers assigned to the data will be
consistent with the data qualifiers specified in the NFGs and the USEPA Guidance for Labeling
Externally Validated Laboratory Analytical Data for Superfund Use (USEPA 540-R-08-01),

collectively referred to herein as validation guidance.
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2.0 QUALITY CONTROL REQUIREMENTS

The field and laboratory QC requirements for the characterization and remediation activities are
discussed in the following subsections. Specific QC checks and acceptance criteria are provided

in the referenced analytical methods.

2.1 Field Sampling Quality Control

The field QC requirements include analyzing reference standards for field instrument calibration
and for routine calibration verifications. All initial and continuing calibration procedures will be
implemented by trained personnel following the manufacturer’s instructions to ensure the
equipment is functioning within the specified tolerances. The calibration and maintenance history

of the project-specific field instrumentation will be maintained in an active field logbook.

Field QC samples for this project include field duplicate samples to assess the overall precision of
the sampling and analysis event, equipment rinse blanks to ensure proper cleaning of non-
dedicated equipment is conducted between samples to avoid potential cross contamination (also
generally referred to as field blanks), and trip blank samples to monitor cross contamination of

water samples by volatile organic compounds (VOCs) during sample transport.

The frequency of collection of equipment rinse blanks will be one per sampling event. Field
duplicate samples will only be prepared for groundwater samples, not for soil sampling events, at
a collection frequency of 1 in 20 samples. One trip blank will be included for every shipment of
samples to an analytical laboratory, at a minimum frequency of one trip blank per sample

shipment which contains samples for VOCs analyses.

2.2 Analytical Quality Control

The laboratory QC requirements for the analyses may include evaluating chemical/thermal
preservation, holding times, handling requirements, method blanks, instrument performance
checks, initial calibration standards, calibration verification standards, internal standards,
surrogate compound spikes, interference check samples, serial dilution samples, matrix

spike/matrix spike duplicate (MS/MSD) samples, and laboratory control samples (LCS). The
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acceptance criteria for the above identified requirements will be generated by the laboratory and

included in the laboratory reports, along with the other laboratory QC requirements.
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3.0 DATA VERIFICATION, VALIDATION, AND USABILITY

All field and laboratory data will be reviewed, verified, and/or validated. These terms are defined
as follows:

e Data review is the in-house examination to ensure that the data have been recorded,
transmitted, and processed correctly.

e Data verification is the process for evaluating the completeness, correctness, and
conformance/compliance of a specific data set against the method, procedural, and/or
contractual requirements.

e Data validation is an analyte-specific and sample-specific process that extends the
evaluation of data beyond method, procedure, or contractual compliance (i.e., data

verification) to determine the quality of a specific data set relative to the end use.

Field data and logbooks will be reviewed to ensure that the requirements of the sampling
program, including the number of samples and locations, sampling, and sample handling

procedures, were fulfilled.

Data verification, validation, and usability assessments performed on a percentage of lab
packages to ensure that the data are scientifically defensible, properly documented, of known
quality, and meet the project objectives, are described in the following sections. Data determined
to be unusable may require corrective action be taken. Data use limitations will be identified in
the data validation and usability assessment (VUA) report, which will be generated as required

for characterization or final reporting to the agencies.

3.1 Data Review, Verification, and Validation Requirements

Data review, verification, and validation of the analytical data will be performed by each
consultant completing the field activities. The exception to this scenario will be Aquaterra
Technologies, Inc. (Aquaterra), in which case Aquaterra will review/verify the data and the

consultant company working with Aquaterra will subsequently validate the samples.

Field information will be reviewed to ensure that all field measurements were conducted in
accordance with the requirements of the site-specific work plan and this QA/QC Plan including

applicable SOPs. Field measurements obtained using procedures inconsistent with the
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requirements of these documents will be evaluated and may require that additional samples are

collected or the use of the data be restricted.

Stage 1 Verification and Validation Checks

One hundred percent of the sample results will go through a Stage 1 verification and validation.
As part of the data management process, each consultant will complete verification and validation
based on the validation guidance. Data verification and validation will consist of the following

items based on the guidance stated.

Stage 1 verification and validation of the laboratory analytical data package consists of checks for
the compliance of sample receipt conditions, sample characteristics (e.g., percent moisture), and
analytical results (with associated information). It is recommended that the following minimum
baseline checks (as relevant) be performed on the laboratory analytical data package received for
a Stage 1 validation label:

1. Documentation identifies the laboratory receiving and conducting analyses, and includes
documentation for all samples submitted by the project or requester for analyses.

2. Requested analytical methods were performed and the analysis dates are present.

3. Requested target analyte results are reported along with the original laboratory data
qualifiers and data qualifier definitions for each reported result.

4. Requested target analyte result units are reported.

5. Requested reporting limits for all samples are present and results at and below the
requested (required) reporting limits are clearly identified (including sample detection
limits if required).

6. Sampling dates (including times if needed), date and time of laboratory receipt of
samples, and sample conditions upon receipt at the laboratory (including preservation, pH
and temperature) are documented.

7. Sample results are evaluated by comparing sample conditions upon receipt at the
laboratory (e.g., preservation checks) and sample characteristics (e.g., percent moisture)

to the validation guidance.

Stage 2 Verification and Validation Checks
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A minimum of 10 percent of the samples will be flagged for VUA. When a laboratory work
order is selected, the entire work order will undergo Stage 2 validation. Laboratory work orders
or sample delivery groups (SDGs) that are selected for VUA will undergo validation based on the
NFGs.

The selection of samples that will undergo VUA process is designed to meet the needs of the site
investigation, characterization, remediation, and closure programs, such as tank closures.
Sampling that falls outside these programs will not undergo the VUA process. This includes
samples that are collected for permit compliance, such as RCRA and effluent wastewater, as well

as product samples, onsite soil reuse samples, and waste characterization samples.

Ten percent of samples will be selected based on the following additional conditions:
1. Sample package selected will contain a field duplicate sample.
2. Sample package selected will contain an equipment rinse blank.
3. Sample package selected will be representative of the contracted analytical laboratories,

sample media, parameters, time, and project goals.

QC samples that are collected in the field will provide the best information for completing the
VUA reports. The conditions for selection of samples are designed to provide the most useful
information regarding sample analysis. Therefore, field duplicate samples have been identified as
a priority condition. However, field duplicate samples will only be prepared for groundwater
samples, not for soil sampling events. This is due to the known, inherent heterogeneity of soil at
the sites. For program efficiency, entire SDGs will be selected for submission in the VUA
process. Individual samples should not be selected and processed unless there is an overriding
reason to do so, such as a point of compliance sample result that when compared to the historic

data set appears to be anomalous.

Stage 2 data validation includes a review of the following QC data deliverables:
1. Technical holding times
2. Method blanks
3. Surrogate spikes
4. MS/MSD results
5. LCS results

6. Field duplicates
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7.

Trip and equipment rinse blank samples

Stage 2B Verification and Validation Checks

Stage 2B verification and validation will be completed on inorganic analytical data and will

contain the following (in addition to Stage 1 verification):

1.
2.

9.

Requested methods (handling, preparation, cleanup, and analytical) are performed.
Method dates (including dates, times and duration of analysis for radiation counting
measurements and other methods, if needed) for handling (e.g., Toxicity Characteristic
Leaching Procedure), preparation, cleanup and analysis are present, as appropriate.
Sample-related QC data and QC acceptance criteria (e.g., method blanks, surrogate
recoveries, deuterated monitoring compounds (DMC) recoveries, laboratory control
sample (LCS) recoveries, duplicate analyses, matrix spike and matrix spike duplicate
recoveries, serial dilutions, post digestion spikes, standard reference materials) are
provided and linked to the reported field samples (including the field quality control
samples such as trip and equipment blanks).

Requested spike analytes or compounds (e.g., surrogate, DMCs, LCS spikes, post
digestion spikes) have been added, as appropriate.

Sample holding times (from sampling date to preparation and preparation to analysis) are
evaluated.

Frequency of QC samples is checked for appropriateness (e.g., one LCS per twenty
samples in a preparation batch).

Sample results are evaluated by comparing holding times and sample-related QC data to
the requirements in the data validation guidance.

Initial calibration data (e.g., initial calibration standards, initial calibration verification
[ICV] standards, initial calibration blanks [ICBs]) are provided for all requested analytes
and linked to field samples reported. For each initial calibration, the calibration type used
is present along with the initial calibration equation used including any weighting
factor(s) applied and the associated correlation coefficients, as appropriate.
Recalculations of the standard concentrations using the initial calibration curve are
present, along with their associated percent recoveries, as appropriate (e.g., if required by
the project, method, or contract). For the ICV standard, the associated percent recovery
(or percent difference, as appropriate) is present.

Appropriate number and concentration of initial calibration standards are present.
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10.

11.
12.

13.

14.

Continuing calibration data (e.g., continuing calibration verification [CCV] standards and
continuing calibration blanks [CCBs]) are provided for all requested analytes and linked
to field samples reported, as appropriate. For the CCV standard(s), the associated percent
recoveries (or percent differences, as appropriate) are present.

Reported samples are bracketed by CCV standards and CCBs standards as appropriate.
Method specific instrument performance checks are present as appropriate (e.g., tunes for
mass spectrometry methods, DDT/Endrin breakdown checks for pesticides and aroclors,
instrument blanks and interference checks for ICP methods).

Frequency of instrument QC samples is checked for appropriateness (e.g., gas
chromatography-mass spectroscopy [GC-MS] tunes have been run every 12 hours).
Sample results are evaluated by comparing instrument-related QC data to the

requirements in the data validation guidance.

Stage 3 Verification and Validation Checks

Stage 3 verification and validation will be completed on organic analytical data and will contain

the following (in addition to Stage 2B):

L.

Instrument response data (e.g., GC peak areas, ICP corrected intensities) are reported for
requested analytes, surrogates, internal standards, and DMCs for all requested field
samples, matrix spikes, matrix spike duplicates, LCS, and method blanks as well as
calibration data and instrument QC checks (e.g., tunes, DDT/Endrin breakdowns,
interelement correction factors, and Florisil cartridge checks).

Reported target analyte instrument responses are associated with appropriate internal
standard analyte(s) for each (or selected) analyte(s) (for methods using internal standard
for calibration).

Fit and appropriateness of the initial calibration curve used or required (e.g., mean
calibration factor, regression analysis [linear or non-linear, with or without weighting
factors, with or without forcing]) is checked with recalculation of the initial calibration
curve for each (or selected) analyte(s) from the instrument response.

Comparison of instrument response to the minimum response requirements for each (or
selected) analyte(s).

Recalculation of each (or selected) opening and closing CCV (and CCB) response from
the peak data reported for each (or selected) analyte(s) from the instrument response, as

appropriate.
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6.

10.

11.

12.

13.

Compliance check of recalculated opening and/or closing CCV (and CCB) response to
recalculated initial calibration response for each (or selected) analyte(s).

Recalculation of percent ratios for each (or selected) tune from the instrument response,
as appropriate.

Compliance check of recalculated percent ratio for each (or selected) tune from the
instrument response.

Recalculation of each (or selected) instrument performance check (e.g., DDT/Endrin
breakdown for pesticide analysis, instrument blanks, interference checks) from the
instrument response.

Recalculation and compliance check of retention time windows (for chromatographic
methods) for each (or selected) analyte(s) from the laboratory reported retention times.
Recalculation of reported results for each reported (or selected) target analyte(s) from the
instrument response.

Recalculation of each (or selected) reported spike recovery (surrogate recoveries, DMC
recoveries, LCS recoveries, duplicate analyses, matrix spike and matrix spike duplicate
recoveries, serial dilutions, post digestion spikes, standard reference materials etc.) from
the instrument response.

Each (or selected) sample result(s) and spike recovery(ies) are evaluated by comparing
the recalculated numbers to the laboratory reported numbers according to the

requirements in the data validation guidance.

Stage 4 Verification and Validation Checks

Additional data validation may be completed for selected sites and/or sampling events, up to EPA

Level 4 data review, which will require a laboratory data package inclusive of raw data. Stage 4

verification and validation includes all of the elements of the previous stages of validation and the

following:

1.
2
3
4,
5
6

3.2

Evaluation of instrument performance checks (GC/MS)

Initial and continuing calibration checks (organic and inorganic analyses)
Review of internal standards (GC/MS)

Instrument blanks (inorganics)

Interference check samples (metals)

Recalculations of sample results and reporting limits

Validation Codes
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Consultant specific validation codes will be added to the database. This will allow quick
identification of the consultant that has performed the verification and/or VUA. Stantec may
append additional codes for data management purposes to the codes provided in dt_result table
approval_code field. Valid codes are as follows:
Langan:

e LANI — Historical data collected by Langan Level 1 Validation (Verification)

e LAN-VER - Langan performed verification

e LAN-USB — Langan performed usability

e GHD-VER — GHD performed verification
e GHD-USB — GHD performed usability

Stantec:
e STN-VER - Stantec performed verification
e STN-USB - Stantec performed usability

This methodology creates a means for consultants to perform verification and usability on data

collected by another consultant.

33 Data Updates in the Electronic Data Deliverables

All consultants will request EQuIS 4 file format Electronic Data Deliverables (EDDs) for data
management from the analytical laboratories. In order to facilitate the data updates in the
database, the following methodology will be used.

1. The consultant chemist / chemist team will open the .RES file for the EDD that has been
selected to be validated for usability. The file can be opened using Excel, Access,
Notepad, or similar tool. Although, it is a best practice to open the file in a way to
preserve the textual nature of the EDD, it is not necessary.

2. The chemist will use the result comment field in the .RES file to enter the qualifiers
associated with the record and add a semicolon as a delimiter (;) followed by the reason

code for the qualification.



QA/QC Plan and Field Procedures Manual 11
Evergreen May 20, 2016

3. The .RES file is to be saved with a .USB extension at the end of the file. This file is to be
separate from the original .RES file provided and should not be used to over write the
original .RES file that was sent with the EDD. This will result in the laboratory work
order undergoing VUA having five files instead of four for the EDD. For example:

* 1234.SMP
*  1234TST
* 1234.BCH
* 1234.RES

* 1234.RES.USB
4. Stantec will use the fifth file to update the database with the appropriate qualifiers and
codes in validator qualifiers and approval a through approval d fields in dt_result table
in the database.
5. Stantec will also change the validated y/n field in dt_result table in the database for the
particular EDD.

34 Validation Qualifiers

The following qualifiers should be used during the validation/usability process. These are based

on the NFGs, validation guidance, and commonly used qualifiers.

Data Qualifiers and Definitions

U The analyte was analyzed for, but was not detected above the level of the reported sample
quantitation limit.

J The result is an estimated quantity. The associated numerical value is the approximate
concentration of the analyte in the sample.

J+ The result is an estimated quantity. The associated numerical value is the approximate
concentration of the analyte in the sample, potentially biased high.

J- The result is an estimated quantity. The associated numerical value is the approximate
concentration of the analyte in the sample, potentially biased low.

ul The analyte was analyzed for, but was not detected. The reported quantitation limit is
approximate and may be inaccurate or imprecise.

NJ The analyte has been "tentatively identified" or "presumptively identified" as present and

the associated numerical value is the estimated concentration in the sample.
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R The data are unusable. The sample results are rejected due to serious deficiencies in
meeting QC criteria. The analyte may or may not be present in the sample.

B The analyte was detected in the method, field, and/or trip blank. This qualifier is not
pursuant to the NFGs.

If additional qualifiers are required, please forward the suggestions to the Stantec Data

Management Team and they will be added to the list of approved codes.

Submitting Data and Validation Codes for Inclusion in the Database
EDDs will be submitted to the database using the SharePoint portal intake forms. The appropriate
qualifiers and codes that have been added to the result comment field in the .RES.USB file will

be included in the submission.

Reason Codes
Following is a list of reason codes available for validation. If additional codes are required,
please forward the suggestions to the Stantec Data Management Team and they will be added to

the list of approved codes.
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Reason Reason Description
Code

General Use

EC Result exceeds the calibration range.

HT Holding time requirement was not met

MB Method blank or preparation blank contamination

LCS Laboratory control sample evaluation criteria not met

FB Field blank contamination

RB Rinsate blank contamination

SQL The analysis meets all qualitative identification criteria, but the measured
concentration is less than the reporting limit.

FD Field duplicate evaluation criteria not met

TvP Total to Partial criteria not met

RL Reporting limit exceeds decision criteria (for non-detects)

Inorganic Methods

ICvV Initial calibration verification evaluation criteria not met

CCV Continuing calibration verification evaluation criteria not met

CCB Continuing calibration blank contamination

PB Preparation Blank

ICS Interference check sample evaluation criteria not met

D Laboratory duplicate or spike duplicate precision evaluation criteria not met

MS Matrix spike recovery outside acceptance range

PDS Post-digestion spike recovery outside acceptance range

MSA Method of standard additions correction coefficient 0.995

DL Serial dilution results did not meet evaluation criteria

Organic Methods

TUNE Instrument performance (tuning) criteria not met

ICAL Initial calibration evaluation criteria not met

CCAL Continuing calibration evaluation criteria not met

SUR Surrogate recovery outside acceptance range

MS/SD Matrix spike/matrix spike duplicate precision criteria not met

MS Matrix spike recovery outside acceptance range

IS Internal standard evaluation criteria not met

LM The PFK lock mass SICPs indicate that ion suppression evident

ID Target compound identification criteria not met

Results Reported for Analytes Analyzed Multiple Times

NSR Not selected for reporting because the result was qualified as unusable

NSDL Not selected for reporting because diluted resulted was selected for reporting

NSQ Not selected for reporting because result was lesser quality based on data validation
NSO Not selected for reporting because of other reason

Bias Codes

H Bias in sample result likely to be high

L Bias in sample result likely to be low

I Bias in sample result is indeterminate
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34 Verification and Validation Summary

Verification of sample collection procedures will consist of reviewing sample collection
documentation for compliance with the requirements of the site-specific work plan and this
QA/QC Plan. If alternate sampling procedures were used, the acceptability of the procedure will
be evaluated to determine the effect on the usability of the data. Data usability will not be
affected if the procedure used is determined to be an acceptable alternative that fulfills the

measurement performance criteria in this QA/QC Plan.

The results of the data verification and validation procedure will identify data that do not meet the
measurement performance criteria of this QA/QC Plan. Data verification and validation will
determine whether the data are acceptable, of limited usability (qualified as estimated), or
rejected. Data qualified as estimated will be reviewed and a discussion of the usability of

estimated data will be included in the VUA report.

Data determined to be unusable may require corrective action to be taken. Potential types of
corrective action may include resampling by the field team or reanalysis of samples by the
laboratory. The corrective actions taken are dependent upon the ability to mobilize the field team
and whether or not the data are critical for project data quality objectives to be achieved. Data
use limitations will be identified in VUA report, which will be generated as required for

characterization or final reporting to the agencies. Each consultant will be responsible for their

own VUA reports.
Revision History
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1.0 INTRODUCTION

This Field Procedures Manual outlines the standard operating procedures developed to ensure
the collection and analysis of quality data for investigations completed under the United States
Environmental Protection Agency (USEPA) Resource Conservation and Recovery Act (RCRA)
program, Pennsylvania Department of Environmental Protection (PADEP) Act 2 program and
Pennsylvania and Delaware's Tank programs at the Sunoco Partners Marketing and Terminals,
LP (Sunoco Partners) Marcus Hook Industrial Complex (MHIC) and the Philadelphia Energy
Solutions Refining and Marketing, LLC (PES) Philadelphia Refinery Complex (PRC) on behalf of
Evergreen Resources Management Operations (Evergreen). The MHIC and PRC are herein

referred to as facility or site.

Evergreen’s consultants collect data in pursuit of site characterization and remediation that will
meet the expectations of the appropriate regulatory agencies. This document shall be used in
conjunction with the site-specific work plans developed for each site and the QA/QC Plan of

which this manual was incorporated as Appendix A.

1.1 Training Qualifications

All field personnel involved in field work at MHIC and the PRC shall have completed and where
applicable, be current with OSHA 40-hour HAZWOPER training, annual OSHA 8-hour
HAZWOPER refresher, Process Safety Management (PSM) training, site-specific safety module
training for current facility badges (including fire watch and hole watch, if required), TWIC Card,
annual drug screening, and annual respirator fit testing. All field personnel new to the facility
should be provided with onsite health and safety (H&S) orientation by an experienced member
of the project team. The onsite orientation should include review of the facility’s emergency
action plan and training on Evergreen and site-specific H&S requirements. Appropriately
qualified personnel should perform field work, based on the work scope and experience level

required by the task to be executed.

1.2 Health and Safety Requirements
All consultants performing work at the referenced sites on behalf of Evergreen shall comply with

the Evergreen Resources Management Operations Health and Safety Requirements dated

June 1, 2014. This includes contractors, sub-contractors, and third party companies performing
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work for Evergreen at MHIC and the PES PRC. Each consultant must also have their own site-
specific health and safety plan (HASP) submitted to and approved by Evergreen prior to
performing any work. A site-specific HASP must be reviewed and signed by all field personnel

prior to commencement of field activities.

1.3 PPE Requirements

The minimum standard PPE at the facilities includes fire resistant clothing (FRC; coveralls may
be Nomex or other FRC, 6 ounce minimum, orange in color) with the name of the company
displayed on the back of the garment, hard hat, sturdy safety-toe boots, safety glasses, long-
gauntlet leather gloves, and personal H,S monitors. Nitrile gloves for chemical protection and
hearing protection may also be required depending on the location and type of work. Workers
are to be trained on these PPE requirements before being permitted onsite. An appropriate
respirator may be required if site-specific air monitoring action levels are met, in accordance
with the site-specific HASP. If a worker has a particular sensitivity or concern, a respirator may
be worn regardless of OSHA action levels. During winter weather conditions, slip prevention
footwear such as crampons or overshoes should be worn for traction. Task-specific PPE will be

further identified in following sections.

1.4 Site Controls
Safety cones and/or caution tape should be used in high traffic areas. The "Buddy System"
may also be employed in high traffic areas, in areas where other contractors are working, and in

remote areas. Additional task-specific site controls will be detailed in following sections.

1.5 Equipment and Decontamination

Numerous practices are employed throughout the processes of site investigation and sampling
to assure the integrity of the resulting data. The risk in use of non-dedicated equipment at
multiple sampling locations lies in the potential for cross-contamination. While the threat of
cross-contamination is always present, it can be minimized through the implementation of a
consistent decontamination program during sensitive site measurement and data collection

activities.
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All site equipment to be used in multiple locations (non-dedicated) for sampling of sail,
sediment, and/or groundwater will be decontaminated immediately prior to initial use and

between uses at each location according to the following steps:

o Remove particulates with a sorbent pad or towel and/or initial rinse with clean

potable tap water;

o Wash equipment with clean sponge, soft cloth, or scrub brush as necessary in a

solution of tap water/laboratory grade detergent (Alconox®, Liquinox®, or equivalent);
¢ Rinse with tap water;
¢ Rinse with deionized or distilled water; and
e Airdry for as long as possible.

Rinse water generated during decontamination procedures will be treated onsite by passing the
water through a bucket or tube filled with activated carbon prior to discharge to the ground
surface. Additional decontamination procedures may be appropriate depending on the task,

and will be identified in the following sections, as applicable.

1.6 Documentation

All site activities and conditions for characterization activities should be recorded by field
personnel in a field computer (e.g., YUMA) using the EQuIS Data Gathering Engine (EDGE)
application, or if necessary, a field book may be used. The entry shall include at a minimum,
the date, time, weather conditions, location, personnel present onsite, field readings, sampling
methodology, as well as additional comments or observations. Task specific observations

which should also be recorded will be identified in the following applicable sections.
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2.0 LIQUID LEVEL ACQUISITION (WELL GAUGING) PROCEDURES

2.1 Potential Hazards

Traffic, pinch points, chemical (airborne and physical contact), and biological are all likely
hazards to be encountered as well as slip/trip/fall potential during onsite well gauging activities.
Additional hazards may be mentioned in the site-specific HASP and/or the daily job safety
analysis (JSA).

2.2 Materials and Equipment Necessary for Task Completion

Optical oil/water interface probe with a graduated measuring tape to 0.01 foot accuracy,
decontamination supplies (laboratory-grade detergent, deionized or distilled water, appropriate
containers, scrub brush, and sorbent pads or paper towels), socket set, flathead screwdriver (or
pry bar or manhole cover lifter), clear bailers with string for confirmation of light non-aqueous
phase liquids (LNAPL), if necessary, and air monitoring instruments (optional, based on

previous site visits).

2.3 Methodology

This task involves the deployment of an optical oil/water interface probe with a graduated
measuring tape to 0.01 foot accuracy into a well (in most cases), recording the measurement,
and decontaminating the probe. The recorded field measurements may then be utilized for one
of several applications including: well sampling, water table gradient mapping, LNAPL
occurrence, LNAPL thickness, and/or gradient mapping, and various testing procedures. Wells
should be gauged in order of least to most contaminated, based on existing sampling data or
LNAPL occurrence, to minimize the potential for cross-contamination between wells. If LNAPL
is detected in a well that does not typically have LNAPL, it should be confirmed with a clear

bailer.

The proper procedure for liquid level acquisition is as follows:

1) Decontaminate the optical oil/water interface probe with a graduated measuring tape to 0.01
foot accuracy prior to initial deployment, and again after each well measurement to prevent

cross-contamination between wells.
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2)

If warranted, mark off a work area surrounding the well(s) to be gauged with safety cones
and/or caution tape in order to protect personnel from auto traffic; the "Buddy System" may

also be employed.

Where applicable, lift the manhole cover off of the well head (a screwdriver, pry bar, or
manhole cover lifter may be used to lift the cover depending on the size of the manhole) or

open protective well casing (stickup) and remove the well plug, if present.

Most wells should contain a mark or notch in the top edge of the casing from which
normalized readings are to be measured (reference point elevation). Slowly lower the
optical oil/water interface probe with a graduated measuring tape to 0.01 foot accuracy into
the well until the instrument signals contact with liquid. Note whether or not the instrument’s
tone is indicative of the presence of free-phase LNAPL (commonly a solid tone), or water
(commonly an oscillating or beeping tone). If LNAPL is present, record the depth at which
LNAPL was first indicated to the nearest hundredth of a foot, as measured from the top of
well casing mark/notch. Slowly lower the probe through the LNAPL until the instrument’s
tone changes to indicate the presence of water. Record the depth at which water was first
indicated to the nearest hundredth of a foot. A clear bailer may be used to verify the
existence or approximate amount and appearance of LNAPL. If no LNAPL is apparent,

record the depth to water.
Retract the probe from the well and secure the well appropriately.

Note the date and time of measurement for gauging and record all measurements and
observations in the field computer or, if necessary, in a field book for subsequent electronic

data entry.

Decontaminate the probe in accordance with the decontamination procedure outlined in
Section 1.5.

Clean up the work area, remove gauging equipment, and remove any traffic control devices.
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3.0 GROUNDWATER MONITORING PROCEDURES

3.1 Potential Hazards
Traffic, pinch points, chemical (airborne and physical contact), and biological are all likely
hazards to be encountered as well as slip/trip/fall potential during onsite well gauging activities.

Additional hazards may be mentioned in the site-specific HASP and/or the daily JSA.

3.2 Materials and Equipment Necessary for Task Completion

A list of equipment required to access, gauge, purge, and sample site monitoring wells is
presented below. Also listed are materials necessary to store, label, preserve, and transport
groundwater samples.

e Current site map detailing well locations;

o Field book and/or field computer for recording site data;

e Graduated, optical oil/water interface probe;

e Keys and tools to provide well access;

e Appropriate, laboratory prepared sample containers and labels;

o Appropriate well purging apparatus as determined by volume of groundwater to be

purged and compounds to be analyzed;

o Water quality meter for monitoring indicator field parameters (DO, pH, specific

conductance, redox potential, and turbidity if available);

o Dedicated polyethylene bottom-loading bailer or well pump and disposable tubing for

groundwater sample collection;
e Clean nylon or polypropylene bailer cord;
e Disposable nitrile sampling gloves;
o Decontamination supplies;

e Calibrated five-gallon bucket and watch or stopwatch to determine discharge rate

during purging;

e Blank chain-of-custody forms; and
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e Cooler(s) and ice for sample preservation.

3.3 Methodology for Three Well Volume Sampling
Prior to site visitation for the groundwater sampling event, the following data will be reviewed to

ensure proper preparation for field activities:
e Most recent liquid level data from all wells;

e Most recent analytical data from all wells to determine gauging and sampling

sequence; and

e Well construction characteristics.

Each monitoring well to be sampled will be gauged to obtain liquid level data immediately prior
to initiation of the sampling process (refer to well gauging procedures above). Liquid level data
should be recorded in a field computer or if necessary, a field book. Should free-phase LNAPL
be detected by the gauging process, routine groundwater sampling will not be conducted at that
location. If groundwater sampling under LNAPL is warranted, refer to the sub-LNAPL sampling

section and methodology in Section 3.6.

Groundwater sampling will be initiated by purging from the well a minimum of three well
volumes, except in cases where the well is pumped dry, as referenced below. Well purging is
performed to remove stagnant water and to draw representative water from the aquifer into the
well for subsequent sampling and analysis. In extreme cases where a well is pumped dry
and/or shows little recharge capacity, the well should be evacuated once prior to sampling.
Wellbore storage volume should be estimated using as-built information stored in the field
computer or as indicated on the well log, and the depth to water measurement obtained

immediately prior to sampling.

Water quality should be monitored and readings recorded in the field computer or field book
while purging, typically through use of a multi-parameter water quality meter with a flow through
cell or cord for down-well measurements. Water quality readings should be recorded a minimum
of three times (pre-purge, during purge, and post-purge/sample collection) or four times (pre-

purge and following each well volume). The parameters to be monitored and recorded are
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dissolved oxygen, pH, specific conductance, redox potential, temperature, and turbidity if

available.

Well purging can be performed with various equipment including: a dedicated bailer for hand
bailing low volumes of water; a surface mounted electric centrifugal pump with dedicated
polyethylene tubing; and/or submersible pump (particularly when the depth to water is greater
than 20 feet) with dedicated polyethylene tubing. During pumping, the intake will be placed
directly below the static water surface and slowly lowered during the purging process. This
procedure may not be necessary in low-yielding wells but is important in high-yielding,
permeable strata where an intake initially placed deep in a well may draw laterally and have little

influence in exchanging water from shallower depths within the well bore.

Flow rate during well purging will be approximated by the bucket and stop watch method. The
duration of pumping required to remove three well volumes will be calculated directly from this
flow rate. All fluids removed during purging will be treated onsite with activated carbon or in

accordance with an approved work plan.

The sequence of obtaining groundwater samples will be based upon available historical site
data for existing wells and photoionization detector (PID) readings for newly installed wells.
Monitoring wells will be sampled in order of those having the lowest to highest concentration of
constituents of concern (or PID readings for new wells), based upon the most recent available
set of laboratory analyses, to reduce the potential for cross-contamination. For general
monitoring events, groundwater samples will not be obtained for analysis from any well
containing measurable free product. If groundwater sampling under LNAPL is warranted, refer

to the sub-LNAPL sampling section and methodology in Section 3.6.

The following sequence of procedures will be implemented for the collection of groundwater
samples from monitoring wells.
1) Establish a clean work area where sampling equipment will not come in contact with the

ground or any potentially contaminated surfaces.
2) Use a dedicated polyethylene sampling bailer for each well.

3) Use a clean pair of nitrile gloves.
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4) Attach an appropriate length of unused, clean nylon or polypropylene cord to the designated

sampling bailer.
5) Select appropriate laboratory-provided sample containers.

6) Slowly lower sampling bailer into well until water surface is encountered; continue to lower

the sampling bailer into the standing water column to one foot below the water surface.
7) Retrieve bailer at a steady rate to avoid excess agitation.

8) Visually inspect bailed sample to ensure that no free product or organic detritus has been

collected.

9) Uncap first designated sample vial and fill from bailer as rapidly as possible but minimizing

agitation; secure septum and lid.

10) Inspect sealed sample for entrapped air; if air is present, remove the lid and gently top off

sample in vial, seal and inspect. Repeat until no air is apparent.

11) Repeat Steps 9 and 10 for the remaining sample vials based on the laboratory and/or

regulatory protocol.

12) Complete and attach labels to sample containers noting sample collector, date, time, and

location of sample; record same data in field computer or field book.

13) Place samples in ice-filled cooler in such a manner as to avoid breakage. Samples will be
maintained at a temperature of approximately 4°C.

14) Dispose of gloves, bailer, and bailer cord as solid waste and move to next sample location.

3.4 Methodology for Low-Flow Purging and Sampling

For wells that will be purged and sampled via low-flow methodology, the USEPA Region Il
Bulletin QAD023: Procedure for Low-Flow Purging and Sampling of Groundwater Monitoring
Wells will be followed. The following data will be reviewed for each well in order to set the pump
intake for the low-flow sampling:

¢ Soil boring lithologic log;
e Well construction log showing the screened interval;
e |dentification of the most permeable zone screened by the well;

e Approximate depth to static water;
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e Proposed pump intake setting; and

e Technical rationale for the pump intake setting, preferably across from the most

impacted/contaminated subsurface interval.

Adjustable rate, submersible, bladder pumps in conjunction with polyethylene tubing for purging
and sampling will be used. An alternate set up could include a stainless steel submersible
pump, such as a Hurricane® pump or a Monsoon® pump with dedicated polyethylene tubing.
The tubing diameter will be between 3/16-inch and "2-inch inner diameter and the length of the
tubing extended outside of the well should be minimized. Flow-through cells will be used to
monitor groundwater quality parameters during sampling. Monitoring well information,
equipment specifications, water level measurements, parameter readings, and other pertinent

information will be recorded during well purging and sampling.

The following sequence of procedures will be implemented for the collection of groundwater

samples from monitoring wells by the low-flow methodology.

1) PID Screening of Well: A PID measurement may be collected at the rim of the well
immediately after the well cap is removed and recorded in the field computer or field book, if

historic data is not available.

2) Depth to Water Measurement: A depth to water measurement will be collected and
recorded. To avoid disturbing accumulated sediment and to prevent the inadvertent mixing
of stagnant water, measuring the total depth of the well should be done at the completion of

sampling.

3) Low Stress Purging Startup: Water pumping will commence at a rate of 100 to 400 milliliters
per minute (mL/min). This pumping should cause very little drawdown in the well (less than
0.2-0.3 feet) and the water level should stabilize. Water level measurements are made

frequently, and flow rate will be recorded in mL/min on the sampling form or field computer.

4) Low Stress Purging and Sampling: The water level and pumping rate will be monitored and
recorded every five minutes during purging, and any pumping rate adjustments will be
recorded. During the early phase of purging, emphasis will be placed on minimizing and
stabilizing pumping stress, and recording any necessary adjustments. Adjustments, when

necessary, will be made in the first 15 minutes of purging. If necessary, pumping rates will

10
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be reduced to the minimum capabilities of the pump to avoid well dewatering. If the minimal
drawdown exceeds 0.3 feet, but the water level stabilizes above the pump intake setting,
purging will continue until indicator field parameters stabilize, as detailed in Step 5 below. If
the water level drops below the pump intake setting at the absolute minimum purge rate, the
pump will remain in place and the water level will be allowed to recover repeatedly until

there will be sufficient water volume in the well to permit the collection of samples.

Indicator Field Parameter Monitoring: During well purging, indicator field parameters (DO,
pH, specific conductance, redox potential, and turbidity if available) will be monitored every
five minutes (or less frequently, if appropriate). Purging will be considered complete and
sampling can commence when all the indicator field parameters have stabilized.
Stabilization will be achieved when three consecutive readings, taken at five minute intervals
(or less frequently, if appropriate), are within the following limits:

DO (+10 percent);

turbidity (£10 percent);

specific conductance (3 percent);

pH (£ 0.1 unit); and

redox potential ([Eh] £10 mv).

Temperature and depth to water will be also monitored during purging. Should any of the
parameter-specific components of the water quality meter fail during monitoring, the
sampling team will attempt to locate a replacement multi-meter or individual criteria meter. If
none are available, the sampling team will continue recording the parameters that are
operational, and proceed with the sampling. Any other field observations relating to sample
quality, such as odor, foaming, effervescence, and sheens, will also be recorded in the field
computer or on the sampling form.

Collection of Ground Water Samples: Water samples for laboratory analyses will be
collected prior to the flow-through cell by either using a bypass assembly or by temporarily
disconnecting the flow-through cell. All sample containers will be filled by allowing the pump
discharge to flow gently down the inside of the container with minimal turbulence. During
purging and sampling, the tubing should remain filled with water in order to minimize
possible changes in water chemistry upon contact with the atmosphere. Methods employed

to ensure that the outlet tubing will be filled include adjusting the tubing angle upward to

11
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completely fill the tubing and restricting the diameter of the tubing near the outlet of the

tubing.

The order in which samples will be collected is as follows:

e Volatile organics;

Gas sensitive (e.g., Fe*, CHy4, H,S/HS);
e Base neutrals or PAHSs;

e Total petroleum hydrocarbons;
e Total metals;

e Dissolved metals;

e Cyanide;

e Sulfate and chloride;

e Nitrate and ammonia;

e Preserved inorganic;

e Non-preserved inorganic; and
e Bacteria.

After the appropriate laboratory-provided glassware is filled and labeled, the samples shall be
placed in an ice-filled cooler and maintained at approximate 4°C for submittal to the laboratory.
Upon completion of sampling at the well, decontaminate non-dedicated equipment in
accordance with the decontamination procedure outlined in Section 1.5, and dispose of all

dedicated equipment (gloves, tubing, etc.) as solid waste before moving to the next location.

3.5  Methodology for Passive (No-Purge) Sampling for Groundwater Collection
There are many passive groundwater sampling devices that allow for accurate sample collection
without purging. Each device has specific uses and conditions for which they are more

applicable. This methodology presents details for the use of HydraSleeve samplers.

The HydraSleeve is a disposable, single use device for the collection of representative

groundwater samples for laboratory analysis of physical and chemical parameters.

12
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HydraSleeves are placed within the screened interval (or other defined interval) of the well and
activated after an equilibrium period. When used according to the manufacturer’s instruction,
the HydraSleeve will collect a groundwater sample without purging, thus causing no drawdown,
agitation, or water column mixing. The HydraSleeve collects a sample from the screened
interval only, and excludes water (or other fluids) from other parts of the well by use of check
valve that seals when the sampler is full. The HydraSleeve takes advantage of the continuous
natural movement of groundwater, which produces an equilibrium condition between the water
in a well screen and the adjacent formation. HydraSleeves produce reliable data from low yield
wells where other sample methods cannot due to well screen dewatering and associated

alteration in water chemistry.

The HydraSleeve consists of the following components:

1) Along (usually 3 to 5 feet), flexible, lay-flat polyethylene sample sleeve, which is sealed at
the bottom, and is equipped with a reed valve at the top allowing water to enter the
HydraSleeve only during active sample retrieval.

2) Areusable, stainless steel weight attached with a clip to the bottom of the sleeve. The
weight is used to carry the sample sleeve down the well to the specified depth (usually the
bottom of the well screen). An optional top weight is also available to compress the sleeve
in wells with short well screens.

3) A tether line attached to a spring clip at the top of the sample sleeve to deploy the device
within the well and later retrieve it for sample collection.

4) A discharge tube is supplied with the device, which is used to puncture the wall of the

sleeve after it is recovered to allow direct filling of sample bottles.

Deployment

Upon retrieval, the HydraSleeve is designed to effectively collect a “core” of water from within
the well screen, which is equivalent in length and diameter to the sample sleeve. The upward
motion opens the valve at the top, which then allows the device to fill with water. The
Hydrasleeve should be installed with the top of the sample sleeve as close to the desired
sample interval as possible. This will allow the sampler to fill and the check valve to close

before the top of the device is pulled past the top of the sample interval.

13
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To assemble and deploy the HydraSleeve:

1) Remove the Hydrasleeve from its package and hold it by the top, pinching the top at the
holes.

2) Attach the spring clip and tether in the holes.

3) Slide the clip and bottom weight assembly into the holes at the bottom of the sleeve.

4) Lower the Hydrasleeve by the tether to the bottom or to the specified depth and secure the
tether at the wellhead (Note: do not pull the HydraSleeve upward at any time during
deployment, as this could cause the check valve to open and water to fill the sleeve

inadvertently).

Sample Collection

Although the HydraSleeve only displaces approximately 100 milliliters (ml) of water during
deployment, the well should be allowed to stabilize prior to sample collection so that natural flow
conditions and contaminant distribution can return to equilibrium conditions. In certain
jurisdictions, regulatory directives may prescribe a minimum equilibration period. When used for
periodic monitoring programs, such as quarterly or semi-annual sampling, the HydraSleeve can
be installed and remain in the well until the next sampling event, thus providing ample time for

the well to equilibrate.

To collect a sample:

1) Be sure the tether is secured to the top of the well.

2) In one smooth motion, pull the tether upward at a rate of approximately 1 foot per second.
The weight of the sampler will be felt when the valve closes. Continue pulling upward until
the HydraSleeve is clear of the well.

3) Discard the water trapped at the top of the HydraSleeve above the reed valve.

4) Hold the HydraSleeve at the reed valve, and puncture the sleeve with the discharge tube
just below the reed valve.

5) Decant the water into sample containers.

6) Discard the HydraSleeve as solid waste and process the excess water through activated

carbon prior to discharge to the ground surface.

The weight and clips should be decontaminated prior to deploying a replacement HydraSleeve

in the well. Tethers can be dedicated to individual wells or decontaminated and reused.

14
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3.6 Methodology for Sub-LNAPL Sampling

The following section describes the methodology used for obtaining groundwater samples from
the water column beneath LNAPL. Wells for sub-LNAPL sampling are not purged of three well
volumes prior to sampling. This will prevent the potential of drawing LNAPL into the sample and

to be representative of steady-state groundwater conditions beneath the LNAPL.

The following data will be reviewed for each well in order determine the appropriate equipment

necessary:
o Well construction log showing diameter and total depth of the well;
e Approximate depth to LNAPL; and

e Approximate depth to static water.

A list of equipment for sub-LNAPL sampling is presented below:
e Field book or field computer for recording site data;

o Optical oil/water interface probe with a graduated measuring tape to 0.01 foot

accuracy;
o Keys and tools to provide well access;
e Peristaltic pump;

o Polyethylene tubing specifications of 0.25-inch outer diameter x 0.17-inch inner

diameter is preferable as this small diameter assists in achieving lower flow rates;
o Silicone tubing of appropriate diameter to operate peristaltic pump;
e Polyvinyl chloride (PVC) drop tube (1.5-inch or other appropriate diameter);
e PVC rod (0.5-inch or other appropriate diameter);
e PVC end cap for drop tube;
e Tether for end cap;
e Clamps for securing drop tube to well casing;

e Appropriate sample containers and labels;

15
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e Decontamination supplies;
¢ Blank chain-of-custody forms; and

e Cooler and ice for sample preservation.

The following sequence of procedures will be implemented for the collection of sub-LNAPL

groundwater samples.

1)

3.7

Determine LNAPL Thickness: Use an optical oil/water interface probe with a graduated
measuring tape to 0.01 foot accuracy to collect depth to LNAPL and depth to water
measurements.

Installing Sampling Equipment: Deploy a 1.5-inch (or other appropriate diameter) PVC pipe
(drop tube), with an attached end cap, through the LNAPL layer in the well. The end cap
should be tethered to the drop tube so it is not lost in the well when removed and in a way
that allows the drop tube to be sealed during installation. Lower the drop tube until the
bottom of the tube is approximately two feet into the water column below the bottom of the
LNAPL. Secure the drop tube to the well, and allow the system to equilibrate, approximately
one half hour. The end cap is then removed by inserting a 0.5-inch (or other appropriate
diameter) PVC rod into the drop tube and pushing on the cap until the lid is removed. The
cap will be removed along with the tube upon completion of sampling.

Collection of Groundwater Samples: Lower polyethylene tubing through the 1.5-inch drop
tube into the water column. Connect the polyethylene tubing to silicon tubing and engage
the peristaltic pump for groundwater retrieval. Set the flow rate to the lowest pumping rate
that can be sustained so that the LNAPL is not drawn into the tubing. Begin collecting
groundwater in the sample container and continue until enough volume is obtained for all

bottleware required by the laboratory for the requested analyses.

Decontamination Requirements

Of particular significance to the procedures of groundwater measurement and sampling is the

limitation, whenever possible, of materials inserted into a well bore and, even more importantly,

of materials transferred from well to well.

Many items can be discarded between well sampling and/or gauging locations without

significantly impacting project costs. Dedicated sampling equipment which can be discarded
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between well sampling locations, will be used whenever possible to preclude decontamination
requirements. Sampling equipment included in this category are polyethylene bailers, bailer

cord, nitrile gloves, and sampling tubing. However, other monitoring and sampling equipment,
such as oil/water interface probes and submersible sampling pumps, must be reused from well

to well.

All site equipment to be used in multiple locations (non-dedicated) for gauging and/or sampling
of groundwater will be decontaminated immediately prior to initial use and between uses at each

location according to the following steps:

¢ Remove particulates with a sorbent pad or towel and/or initial rinse with clean

potable tap water;

o Wash equipment with clean sponge, soft cloth, or scrub brush as necessary in a

solution of tap water/laboratory grade detergent (Alconox®, Liquinox®, or equivalent);
¢ Rinse with tap water;
¢ Rinse with deionized or distilled water; and

o Airdry for as long as possible.
Rinse water generated during decontamination procedures will be treated onsite by passing the

water through a bucket filled with activated carbon prior to disposal.

3.8 Documentation

All site activities and conditions at the time of purging and groundwater sampling should be
recorded by field personnel in a field computer via the EDGE application or, if necessary, a field
book may be used. The entry shall include the date, time, weather conditions, location (well
name), personnel present onsite, PID readings, sampling methodology, purge rate, purge
volume, and the aforementioned groundwater indicator parameters. A field qualifier “SL” shall
be applied to each sub-LNAPL sample entry to denote sample collection as sub-LNAPL.
Additional comments or observations (e.g., well damage, nearby pumping, LNAPL sheen)

should also be recorded.
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4.0 SOIL SAMPLING & WELL INSTALLATION PROCEDURES

4.1 Site Controls

Prior to hand augering, hydroexcavation, utilizing a backhoe, or deploying any drilling apparatus
to the site, an underground utility line protection request must be made (i.e., Pennsylvania One
Call) for mark-out of known subsurface utilities and associated laterals proximal to the drilling
location. Site plans, if available, should be reviewed to document and avoid the location of

onsite utilities.

After review of all known mapped and marked utilities, a site reconnaissance will be performed
to document the location of utility meters and storm sewer drains. In addition, the location of
overhead utilities must be documented. After completing the subsurface and overhead utility
review, the area to drill may be considered clear of utilities, or the location may be adjusted to a

nearby location, which must also be cleared.

Lastly, any drilling activities must be preceeded by clearing of the borehole, prior to
advancement of augers or split spoons. To ensure the safety of workers, the borehole will be
cleared by hand, hydroexcavator, or backhoe to a depth of approximately 8 feet below ground

surface.

4.2 Potential Hazards

Traffic, pinch points, chemical (airborne and physical contact), and biological are all likely
hazards to be encountered during soil sampling and well installation, as well as slip/trip/fall
potential. Drilling is considered a high risk activity which requires facility approval prior to
implementation. Additional hazards are identified in the site-specific HASP and/or the daily
JSA.

4.3 Materials and Equipment Necessary for Task Completion

A list of equipment required to oversee test boring advancement and, where applicable, sample
soil is presented below. Also listed are materials necessary to store, label, preserve, and
transport soil samples.

e Current site map detailing well locations;

e Field computer and/or field book for recording site data;
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Appropriate, laboratory prepared sample containers and labels;
o PID;

e Single-use, disposable plastic scoops or stainless steel scoop for collecting soil

samples;

e Single-use, disposable, laboratory-supplied syringes for soil sample collection (if

applicable);
e Scale for weighing samples (e.g., methanol kits, if necessary);
e Disposable nitrile sampling gloves;
e Measuring tape (for measuring core recovery);
e Munsell soil color chart/book (recommended);
o Decontamination equipment (if applicable);
¢ Blank chain-of-custody forms; and

e Cooler(s) and ice for sample preservation.

4.4 Decontamination Requirements

All down-hole drilling equipment must be steam cleaned prior to drilling at each soil boring or
well location. All soil sampling equipment must be cleaned with detergent and rinsed with
deionized or distilled water prior to deployment into the borehole. All well construction materials
(i.e. PVC well casing, PVC well screen, sand pack, bentonite) should be clean and dedicated to

each borehole.

4.5 Methodology for Soil Boring Installation

4.5.1. Borehole Advancement

During test drilling activities, a borehole is advanced into the subsurface via a rotary or direct-
push drilling technique. Various types of drilling methods could be deployed at these facilities to
advance the borehole and gain access to the subsurface for characterization and sampling. A

description of the most commonly utilized drilling methods is included below:
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45.1.1 Hollow Stem Auger

A hollow, steel pipe (available diameters vary) with welded, exterior steel “flights” is used to
convey subsurface material to the surface when rotated clockwise. A bit at the bottom of the
lead auger cuts into the subsurface material, and the rotation conveys the loosened material
(cuttings) up the flights, allowing the hole to be advanced (cuttings may not always return to
the surface, such as when drilling in soft, saturated materials). The hollow center of the
auger allows the driller to access the subsurface for soil sample collection and, where
applicable, well installation during borehole advancement. During borehole advancement, a
center stem of steel rods connected to an auger plug prevent soil cuttings from entering the
drill column. Once a desired drilling depth is reached, the center plug and rods can be
pulled out, leaving the auger stem in place to prevent borehole collapse. A split-spoon
sampler can be threaded onto the rods in place of the plug and driven via a hammer to
obtain a sample (Standard Penetration Test), or if terminal depth has been reached a

monitoring well could be installed through the augers.

451.2 Air and Mud Rotary

Rotary drilling methods are similar to hollow stem auger drilling, however specialized drilling
bits at the bottom of rods are used to cut into the subsurface material using compressed air,
vibration, and/or pressurized drilling mud. Compressed air or mud is forced through the
drilling rods via an air compressor or pump, and escapes through small holes in the drill bit.
The circulation of drilling mud, or air combined with introduced water or formation water,
conveys the soil cuttings to the surface (while also cooling the drilling bit and preventing

borehole collapse).

4513  Geoprobe®

A direct-push drilling method, Geoprobe® sampling utilizes a hydraulic hammer to drive steel
rods into the subsurface for soil sampling. This method advances a core barrel lined with a

plastic Macro-Core® sleeve into the soil column for continuous soil core collection.

4514 Hand Auger

A stainless steel or aluminum hand auger is physically advanced to a desired soil sampling

depth through rotation of the auger and head.

20



Evergreen Field Procedures Manual
PES Philadelphia Refinery Complex, Philadelphia, PA
Sunoco Partners Marcus Hook Industrial Complex, Marcus Hook, PA

4.5.2 Soil Sampling

Soil samples will be obtained for lithologic logging and where appropriate, for laboratory
analysis with one of three different sampling devices: Split barrel spoon sampler, hand auger, or
Geoprobe® soil sampler. For either method, the sampling devices are lowered through the
hollow-stem augers or open borehole to allow sampling of undisturbed sediments below the bit
or drive shoe. Soil samples will be collected at regular intervals for subsurface characterization
and selection of appropriate well screen interval(s). Soils which appear to be visually impacted
or from intervals which exhibit the highest deflections on the screening device (PID or similar)

will be sampled for laboratory analysis in accordance with an approved sampling plan.

45.2.1. Split barrel spoon sampler (split spoon)

The split spoon sampler will be driven into the soil column in accordance with ASTM
Standard Method D1586 (Reference A6, Appendix E). Soil sampling by split spoon is
characterized by drilling a borehole with a hollow-stem auger to the desired sampling depth
(the standard calls for one sample per five foot depth interval). The split spoon sampler is
attached to the drilling rods after removal of the auger plug. The drill operator will drive the
sampler into the undisturbed soil by repeatedly striking the drilling rods with a 140 pound
safety hammer over a 30 inch drop. Field personnel will record the number of blows
required to drive the split spoon sampler for each successive six-inch interval. After the
sampler has been filled, the driller will remove the rods and sampler from the borehole and
should provide the intact sampler to field personnel for opening (the drive shoe and head
can be loosened). Field personnel should split the spoon, scan with PID, measure sample
recovery, thoroughly describe the soil lithology, note visual observations and odors, note
degree of saturation, and where applicable collect soil sample(s) utilizing a stainless steel or
disposable scoop. An approved, retractable knife may be used to trim the top and edges of
the sample, and once prepared the sample should be containerized in appropriate sample

containers.

4522. Geoprobe®

The Geoprobe® operator will advance the drilling rods into the subsurface using a truck or

track-mounted drill with a hydraulic hammer. A dedicated Geoprobe® Macro-Core® liner is
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inserted into the core barrel to collect continuous core samples, usually one per 4 foot
interval. The Geoprobe® operator will remove the soil filled liner from the core barrel, cut the
liner, and provide field personnel with the intact cores. After retrieval of the sample, the liner
may be removed by field personnel and the soil core should be scanned with a PID and
logged, including documentation of core recovery, soil lithology, visual observations and
odors, and degree of saturation. Where applicable, field staff should remove the soil sample
utilizing a stainless steel or disposable scoop and containerize in an appropriate sample

container.

4.5.2.3. Hand Auger

The self-powered hand auger allows for soil from the desired interval to be collected directly
through removal of the soil sample that is collected in the auger head for every six inches of

advancement.

4.6 Methodology for Leaded Tank Bottoms Soil Sampling
Leaded tank bottom material is described as containing materials distinguished by distinctive
rust/red to black, metallic, mostly oxidized scale materials, sometimes in a matrix of petroleum

wax sludge. The approach for identifying leaded tank bottom materials is summarized below:

o If materials are encountered within the previously designated leaded tank bottom areas,
matching the physical description given above for leaded tank bottoms, then samples

should be collected for lead analysis.

o If total lead results are above the site-specific standard (SSS) for lead of 2,240
milligrams per kilogram (mg/kg) then samples should be analyzed for lead via Toxicity
Characteristic Leaching Procedure (TCLP), EPA Test Method 1311.

o Delineated areas that exhibit soils that physically resemble leaded tank bottoms, exhibit
lead concentrations greater than 2,240 mg/kg, and exceed 5 milligrams per liter (mg/l)
for lead in the TCLP leachate (which is characteristically hazardous for lead) will retain
the leaded tank bottom designation. If no soils are encountered that meet all three of

these criteria, then the area will no longer be classified as a leaded tank bottom area.
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4.7 Methodology for Monitoring Well or Recovery Well Installation

4.7.1 Well Construction

After drilling to a desired terminal depth via any of the drilling methods referenced above,
permanent monitoring wells can be installed to allow access to groundwater for future
monitoring and groundwater sampling. In general, monitoring wells are constructed of pipe with
a slotted interval(s) (screen) through which groundwater can flow into the well from a desired
water-bearing stratum. In most cases, PVC materials are utilized for monitoring well
construction.

o For applications where LNAPL thickness measurement is necessary, the screened
interval should extend above the presumed highest groundwater level.

e For applications where the shallowest groundwater interval is to be monitored (e.g.,
water-table aquifer), a single well casing is installed.

e For applications where multiple water bearing strata will be penetrated and where deep
groundwater conditions are selected for monitoring, a double-cased well may be
installed to prevent the vertical migration of contaminants to the deeper water bearing
zone from shallower zone(s).

Each well construction type and considerations for field staff regarding how many casings are

needed have been provided below.

4.7.1.1 Single Casing Construction

The most commonly installed monitoring well at the facilities have single casings and are
constructed of PVC. To determine the length of screen used, seasonal groundwater table or
tidal fluctuations should be considered to allow the water table to intercept the well screen
throughout the year. Field personnel should advise the driller on the required well diameter,
total well depth, screen interval, screen length, and slot size based on available subsurface
information prior to drilling. Once the borehole is completed and the drilling crew has been
advised on the desired construction, the drilling crew will thread the well screen onto an end
cap at the wellhead and will lower the well into the borehole, adding lengths of casing until

the terminal depth is reached.

While the well is held near the center of the borehole, the annular space between the well

screen and formation is carefully backfilled with a sand filter pack, which consists of clean,
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sorted quartz sand sized to the formation grain size (typically #1 or #2 sand). The sand
pack establishes continuity with the formation and acts as a filter to prevent soil from
entering the well (the well screen slot size should be sized according to the formation
median grain size to mitigate sediment intrusion, however is most commonly available from

suppliers as 0.01 or 0.02-inch diameter slot size).

The sand pack should extend one to two feet above the top of well screen, and care must
be taken by the driller to not bridge the sand or overshoot the top of sand target depth
(particularly when installing wells through the auger stem). Above the sand pack, a seal
(grout) is installed in the annular space between the well casing and the soil. The seal is
comprised of hydrated bentonite, sometimes amended with pellets or a grout consisting of
hydrated Portland cement, bentonite powder, or a blend of the two. A conventional grout
blend is 95% Portland cement and 5% bentonite powder. The purpose of the seal is to
prevent surface water from infiltrating the well screen. It is installed from the top of the sand

to one to two feet below ground surface.

In circumstances where the top of well sand terminates below the water table (e.g., deeper
groundwater or submerged screen), grout should be mixed into a slurry at the ground
surface and pumped via tremmie pipe or hose to prevent bridging. Above the well seal, the
annular space can be backfilled with granular bentonite or concrete. A cement cap or well
pad is placed at the surface to further mitigate potential infiltration of surface water. A
locking, steel protective casing (stand pipe) or a locking, flush-mounted curb box should be

installed to protect the well.

471.2 Double Casing Construction

Construction of a double cased well is similar to that of a single case well; however, to
prevent groundwater infiltration from shallower water bearing zones, a second casing is
installed through a surface casing. This type of construction requires drilling two different

diameter boreholes.

During drilling through the shallower groundwater bearing zone(s), a larger diameter
borehole is drilled and should be sized according to the desired well and/or outer casing

diameter. This may require reaming of the borehole depending on the conditions and
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drilling equipment. An outer (surface) casing is installed and the annulus is grouted. After
the outer casing is installed and the grout has set, the borehole is advanced through the
surface casing with a smaller diameter drill stem and bit. When the desired terminal depth is
reached, a monitoring well is installed through the inner casing using the above-referenced
single casing construction procedure (the annular space between the outer and inner

casings above the well filter sand should be pressure grouted).

4.7.2 Handling of Soil Cuttings

Soil cuttings generated during drilling will be containerized or stockpiled on plastic until sampling
and analytical data can be obtained. Soil cutting final placement (onsite soil reuse or offsite
disposal) will be performed in accordance with Pennsylvania Department of Environmental

Protection (PADEP) approved onsite soil reuse plans for each facility.

4.7.3 Well Development

After installation, monitoring wells will be developed to remove residual soil from within the well
and filter media and to establish communication between the well and formation. Pump and
surge methodology, either through use of a ditch pump or air compressor connected to black
polyethylene pipe and surge block, should be utilized to successively agitate relatively clear
groundwater from the well. Surging should begin from the bottom of the screened interval and
continue iteratively to the top of the well screen in approximately 2 to 4-foot intervals (i.e., pump
and surge each 2 to 4 foot interval of well screen several times until relatively clear discharge
water is maintained, then move up to the next screen interval until all of the screen has been

developed).

Alternately, a submersible pump may be used to pump water from the screened interval of
shallow wells, with the screen of the well surged to evacuate silt that remains in the sand pack.
The well should be alternately surged and purged until groundwater flowing from the well
appears relatively free of sediments. A vacuum truck may be used for development for wells
that contains product. Well development water should be managed/treated in accordance with

the site-specific work plan.
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4.8 Documentation

All site activities and conditions at the time of soil sampling, well installation, and well
development should be recorded by field personnel in a field computer via the EDGE application
or, if necessary, a field book may be used. The entry shall include the date, time, weather
conditions, location (well or boring name), personnel present onsite, and the aforementioned
lithologic data and well construction information. The entry shall include detailed data required
to create representative soil boring lithologic logs and well as-built logs (if a well is constructed).
This data should include but not be limited to soil type, soil texture (e.g., USCS), soil color,
relative moisture content, depth of apparent water table, PID readings, blow counts (if split
spoon samples are collected), sample recovery, total depth of borehole, length of well screen,
length of well casing, sand pack interval, filter sand size, grout materials used, well seal interval,
and all well construction materials. Notes should also include well development pumping rate,
duration, and observations. Additional comments or observations should also be recorded, as

appropriate.
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5.0 LIGHT NON-AQUEOUS PHASE LIQUID (LNAPL) SAMPLING PROCEDURES

5.1 Potential Hazards

Traffic, pinch points, chemical (airborne and physical contact), and biological are all likely
hazards to be encountered during LNAPL sampling, as well as slip/trip/fall potential. Additional
hazards may be mentioned in the site-specific HASP and/or the daily JSA. If significant

amounts of LNAPL are being handled, a Tyvek suit should also be worn.

5.2 Materials and Equipment Necessary for Task Completion

A list of equipment required to sample LNAPL from a monitoring well is presented below:
e Current site map detailing well locations;
e Field book or field computer for recording site data;

o Optical oil/water interface probe with a graduated measuring tape to 0.01 foot

accuracy;
e Keys and tools to provide well access;

e Appropriate sample containers and labels. LNAPL samples will be collected in
laboratory provided glassware with appropriate preservative, if applicable. A
minimum of 10 ml is required for most laboratory analyses. In the case that sufficient

volume is not obtained, a swabbing technique (described below) could be used;
e Sorbent pads (required for swabbing technique);

e Stainless steel or clear bottom-loading or top-loading bailer, depending on product

thickness;
e Clean nylon or polypropylene bailer cord;
e Decontamination supplies;
¢ Blank chain-of-custody forms; and

e Cooler and ice for sample preservation.
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5.3 Decontamination Requirements

During LNAPL sampling activities, dedicated sampling equipment (i.e., clear bailers, nitrile
gloves, and bailer cord) may be utilized; thereby, minimizing decontamination requirements.
However, a stainless steel bailer may be used and decontaminated between LNAPL sampling
locations. The optical oil/water interface probe with a graduated measuring tape to 0.01 foot
accuracy used to record the presence or absence and approximate thickness of LNAPL prior to
sampling also requires decontamination between sampling locations. Decontamination

procedures are detailed in Section 1.5.

5.4 Sampling Procedure

Immediately prior to sampling, each monitoring well should be gauged to obtain liquid levels
(i.e., depth to LNAPL and depth to water) for estimation of current LNAPL thickness. Refer to
Section 3.0 for appropriate well gauging procedures. Liquid level data should be recorded in a

field book or field computer through the EDGE application or, if necessary, a field book.

LNAPL sampling may be performed via two different methods, based upon the LNAPL
thickness/availability at the time of sampling: direct sample or swabbing. As indicated above, a
minimum LNAPL volume of 10 mL is typically required by the analytical laboratory for most

LNAPL characterization.

The following sequence of procedures will be implemented for the collection of LNAPL samples
from monitoring wells:
1) A clean work area will be established so that sampling equipment will not come in contact

with the ground surface or any other potentially contaminated surfaces near the wellhead.
2) A pre-cleaned stainless steel bailer or dedicated disposable bailer will be used for each well.
3) A new pair of nitrile gloves will be worn during sampling and replaced for each well.

4) Based on the gauged depth to LNAPL, an appropriate length of dedicated nylon or

polypropylene cord will be tied to the sampling bailer.

5) An appropriately sized (i.e., 40 ml glass vial with plastic cap fitted with Teflon® lined septum)

laboratory-provided sample container will be used to containerize the LNAPL sample.

28



Evergreen Field Procedures Manual
PES Philadelphia Refinery Complex, Philadelphia, PA
Sunoco Partners Marcus Hook Industrial Complex, Marcus Hook, PA

6)

The sampling bailer will be slowly lowered into the well until the liquid level is encountered.
Once encountered, the sampling bailer should be lowered into the standing liquid column to

a depth of approximately 1 foot, or other appropriate depth based on product thickness.
The bailer should be retrieved at a steady rate to avoid excess agitation.

The bailed sample should be visually evaluated for the presence or absence of LNAPL. If
sufficient LNAPL volume is present (>10 ml), a direct sample of the LNAPL will be collected
into the laboratory vial. If less than 10 ml of LNAPL is apparent, a sorbent pad may be used
to absorb the LNAPL from the surface of the groundwater sample and the swab placed in
the laboratory vial. The site-specific work plan should dictate whether a swab sample

should be analyzed, or if the well should be monitored at a later date for re-sampling.

Labels will be completed and attached to the sample vials, indicating the sample collector’s
name, date, time, and location of sample; record same data in field computer or field

notebook.

10) Store samples in a secure location until possession is transferred to the laboratory.

11) Nitrile gloves, bailer, bailer cord, and any other trash will be disposed of as solid waste.

5.5

Documentation

All site activities and conditions at the time of sampling should be recorded by field personnel in

a field computer via the EDGE application or, if necessary, a field book may be used. The entry

shall include the date, time, weather conditions, location (well name), personnel present onsite,

and the aforementioned well gauging parameters. Additional comments or observations (e.g.,

color or apparent viscosity of LNAPL) should be recorded.
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6.0 INDOOR AND AMBIENT AIR SAMPLING PROCEDURES

In preparation for indoor and/or ambient air sampling, appropriate facility personnel should be
notified of intended sampling prior to mobilization. The purpose of this would be to confirm that
there are not any non-routine activities occurring in the building, such as painting of indoor

walls, which would cause incidental contamination of the samples.

6.1 Materials and Equipment Necessary for Task Completion

A list of equipment required to collect indoor and/or ambient air samples is presented below:

¢ Field data book or field computer for recording site data;

Laboratory certified Summa canisters (standard size is 6 liters);
e Flow controllers (standard duration is 8-hours) with integrated vacuum gauge;

o Equipment for elevating sample intake height (examples: extended sampling inlets,

zZip ties to attach units to fencing, tables, etc);
e Camera; and

e Blank chain-of-custody forms.

6.2 Precautions to Avoid Incidental Contamination
EPA Method TO-15 is the most common method used for analysis of air samples at these sites.
This method is highly sensitive to trace concentrations of volatile organic compounds (VOCs).
To avoid incidental contamination:

¢ Do not wear cologne or fragrance on day of sampling;

e Do not use hand sanitizers or lotions;

e Do not store canisters near containers of gasoline, or any fuel; and

e Make sure there are no sources of VOCs in the vehicle used to transport the canisters.

6.3 Sampling Procedure

1) Set Up Summa Canister. Inlets of the flow controllers are to be placed in the breathing

zone, approximately 4 to 6 feet above the ground surface. Elevate Summa canisters using
appropriate materials available onsite or use laboratory-provided extended inlets

(approximately 3 ft long sampling canes). Indoor air samples should be representative of air
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6.4

in the buildings and should be placed away from obvious ventilation to outdoor air or
sources of VOCs. Securely attach flow controller and extended sampling inlet if applicable.

Start Air Sample Collection. Open the valve. Document the initial vacuum (should be

between approximately -30 inHg and -26 inHg) and the start time of the test. If the vacuum
is significantly outside of the range or has a high rate of change, consider using an alternate
canister or flow controller as there may be leakage.

Monitoring Summa Condition During Sampling Period. Several times during the sampling

period, verify that the Summa is in good condition and that the vacuum is decreasing at an
appropriate rate several times during the sampling period. An example of a reasonable
frequency would be every two hours during an 8-hour event. During these checks, record
the time, remaining vacuum, and canister condition. If necessary, obtain a permit to operate
a camera, and take a least one photo of each sampling location.

Completing Air Sample Collection. Near the end of the sampling period, monitor the gauge

more frequently. The sample collection should be stopped when the gauge reads
approximately -5 inHg. At this point, close the canister valve. Record the sample end time
and sample end vacuum. Ensure that the canister is labeled with the sample ID. Remove
all of the attached equipment from the canister. Pack the canisters, flow controller wrapped
in bubble wrap, chain of custody (additional information in the following section), and any

other laboratory provided equipment back into the original packaging.

Documentation

All site activities and conditions at the time of air sampling should be recorded by field

personnel. The entry shall include the date, time, weather conditions (including wind direction

and start/end barometric pressure), sample locations and IDs, and personnel present onsite.

Any observation that could influence the level of VOCs in the samples should be noted.
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7.0 SURFACE WATER SAMPLING PROCEDURES

7.1 Field Procedures for Surface Water Sampling

7.1.1 General

Surface water sampling is performed to obtain samples for surface water bodies that are
representative of existing surface water conditions. Surface water sampling (or gauging) within

3 feet of a bulkhead at certain facilities will require field personnel to wear a life vest.

Surface water sampling locations for surface water quality and groundwater interaction studies

are selected based on the following:

1) Study objectives

2) Location of point surface discharges

3) Non-point source discharges and tributaries
4) Presence of structures (e.g., bridge, dam)
5) Accessibility

During surface water sampling it is important to obtain samples that are not impacted by the
re-suspension of sediment produced because of improper or poor surface water sampling

techniques.

7.1.2 Surface Water Sample Location Selection
Prior to conducting surface water sampling activities, the first requirement is the consideration
and development of surface water sampling locations. It is important that all surface water

sampling locations be selected in accordance with the work plan.

Wading for surface water samples increases the chances of disturbance of sediments from the
floor of the surface water body. When wading for surface water samples be aware of potential
safety and health risks. A life vest and safety line must be worn at all times where footing is
unstable or when sampling in fast moving or more than 3 feet (0.9 m) deep. A two-person team
is required for most surface water sampling activities. If the site conditions require the use of the

life vest and safety line, the two people involved in the sampling must be competent swimmers.
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Surface water samples must be collected with no suspended sediments. Surface water samples
are collected commencing with the furthest downstream location to avoid sediment interference

with upstream locations.

7.1.2.1 Rivers, Streams, and Creeks

Surface water samples are generally collected in areas of surface water bodies that are
representative of the surface water body conditions. Representative surface water
samples will usually be collected in sections of surface water bodies that have a uniform
cross section and flow rate. Mixing is influenced by turbulence and water velocity,
therefore the selection of surface water sampling locations immediately downstream of a
riffle area (i.e., fast flow zone) will ensure good vertical mixing. These locations are also
likely areas for deposition of sediment since this occurs in areas of decreased flow

velocity.

Surface water sampling locations should not be established in areas near point source
discharges. Surface water sampling of these source discharge points can be performed to
assess the impact of these source areas on overall surface water quality. Sample
tributaries as close to the mouth as possible. It is important to select surface water sample

locations considering the impact downstream, including tributary flow and sediment.

In all instances, properly document all surface water sampling locations. Documentation

may include photographs and tie-ins to known structures.

7.1.2.2. Sampling Equipment and Techniques

When collecting surface water samples, direct dipping of the sample container into the
stream or water is acceptable unless the sample container contains preservatives. If
preserved, a pre-cleaned unpreserved sample container should be used to collect the
surface water sample. The surface water sample is then transferred to the appropriate
preserved sample container. When collecting surface water samples, submerse the
inverted bottle to the desired sample depth and tilt the opening of the sample container
upstream to fill. During surface water sample collection, wading or movement may cause
sediment deposits to be re-suspended and can result in biased samples. Wading is

acceptable if the stream has a noticeable current and the samples are collected directly in
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the sample container when faced upstream. If the stream is too deep to wade in or if
addition samples must be collected at various depths, additional sampling equipment will
be required. Surface water samples should be collected about 6 inches (15 cm) below the
surface, with the sample bottles being completely submerged. Taking the surface water

sample at this depth eliminates the collection of floating debris in the sample container.

Surface water sample collection where the flow depth is less than 1 inch (<2.5 cm)
requires the use of special equipment to eliminate sediment disturbance. Surface water
sampling may be conducted with a container then transferred to the appropriate sample
container, or collection may be performed using a peristaltic pump. A small excavation in
the stream bed to create a sump for sample collection can also be considered but should
be prepared in advance to allow all the sediment to settle prior to surface water sampling

activities.

Teflon™ bailers can be used for surface water sampling if it is not necessary to collect
surface water samples at specific depths. A bottom loading bailer with a check ball is
sufficient. When the bailer is lowered through the water, the water is continually displaced
through the bailer until the desired depth is reached. The bailer is retrieved and the check
ball prohibits the release of the collected surface water sample. Bailers are not suitable in
surface water bodies with strong currents, or where depth-specific sampling is required.
For discrete and specified depth surface water sampling, and the parameters to be
monitored do not require a Teflon™ coated sampling device, a standard Kemmerer or Van
Dorn sampler can be used. The Kemmerer sampler is a brass cylinder with rubber
stoppers that leave the sampler ends open while the sampler is being lowered. The
sampler is lowered in a vertical position to allow water to pass through. The Van Dorn
sampler is plastic and is lowered in a horizontal position. For both samplers, a messenger
is sent down a rope when the sampler has reached the required depth. The messenger
causes the stopper on the sampler to close. The sampler is then retrieved and the surface
water sample can be collected through a valve. DO sample bottles can be filled by
allowing overflow using a rubber tube attached to the valve. During depth-specific surface

water sampling, take care not to disturb bottom sediments.

Glass beakers or stainless steel cups may also be used to collect surface water samples if
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parameter interference does not occur. The beaker or cup must be rinsed at least three
times with the surface water sample prior to sample collection.

All equipment must be thoroughly decontaminated.

7.1.2.3 Field Notes for Surface Water Sampling

Record daily surface sampling activities, describe surface water sampling locations,
sampling techniques, and, if applicable, provide a description of photographs taken. Visual
observations are important and provide valuable information when interpreting surface
water quality results. Observations include:

1)  Weather conditions

2)  Stream flow directions

3)  Stream physical conditions (width, depth, etc.)

4)  Tributaries

5)  Effluent discharges

6) Impoundments

7) Bridges

8) Railway trestles

9) Oil sheens

10) Odors

11) Buried debris

12) Vegetation

13) Algae

14) Fish and other aquatic life

15) Surrounding industrial areas

The following factors should be considered for surface water sampling:
1)  Predominant Surrounding Land Use: Observe the prevalent land use type in the

vicinity and note any other land uses in the area which, although not dominant, may
potentially affect surface water quality.
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2)

10)

Local Watershed Erosion: Note the existing or potential erosion of soil in the local
watershed and its movement into the stream. Erosion can be rated through visual
observation of watershed stream characteristics including increases or decreases in
turbidity.

Local Watershed Non-Point Source Pollution: This refers to problems or potential
problems other than erosion and sedimentation. Nonpoint source pollution can be
diffuse agricultural and urban runoff. Other factors may include feed lots, wetlands,
septic systems, dams, impoundments, and mine seepage.

Estimated Stream Width: The estimated distance from shore at a transect
representative of the stream width in the area.

Estimated Stream Depth: Riffle (rocky area), run (steady flow area), and pool (still
area). Estimate the vertical distance from the water surface to the bottom of the
surface water body at a representative depth at three locations.

High Water Mark: Estimate the vertical distance from the bank of the surface water
body to the peak overflow level, as indicated by debris hanging in bank or flood plain
vegetation, and deposition of silt. In instances where bank flow is rare, high water
marks may not be evident.

Velocity: Record or measure the stream velocity in a representative run area.

Dam Present: Indicate the presence or absence of a dam upstream or downstream
of the surface water sampling location. If a dam is present, include specific
information detailing the alteration of the surface water flow.

Channelized: Indicate if the area surrounding the surface water sampling location is
channelized.

Canopy Cover: Note the general proportion of open to shaded areas which best
describes the amount of cover at the surface water sampling location.

7.2 References

For additional information pertaining to surface water sampling, the user of this manual may
reference the following:

ASTM D5358 Practice for Sampling with a Dipper or Pond Sampler

ASTM D4489 Practices for Sampling of Waterborne Oils

ASTM D3325 Practice for the Preservation of Waterborne Oil Samples
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ASTM D4841 Practice for Estimation of Holding Time for Water Samples Containing Organic
and Inorganic Constituents

ASTM D4411 Guide for Sampling Fluvial Sediment in Motion

ASTM D4823 Guide for Core-Sampling Submerged, Unconsolidated Sediments

ASTM D3213 Practice for Handling, Storing, and Preparing Soft Undisturbed Marine Soil

ASTM D3976 Practice for Preparation of Sediment Samples for Chemical Analysis

ASTM E1391 Guide for Collection, Storage, Characterization, and Manipulation of Sediments
for Toxicological Testing

ASTM D4581 Guide for Measurement of Morphologic Characteristics of Surface Water Bodies

ASTM D5906 Guide for Measuring Horizontal Positioning During Measurements of Surface
Water Depths

ASTM D5073 Practice for Depth Measurement of surface water
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8.0 SEDIMENT SAMPLING PROCEDURES

8.1.  Introduction
Sediment sampling is conducted to obtain samples that are representative of existing chemical

and/or physical conditions of sediment.

8.2 Equipment Decontamination

On environmental sites, sediment sampling equipment (e.g., split spoons, trowel, spoons,

shovels, bowls, dredges, corers, scoops) are typically cleaned as follows:

1) Wash with clean potable water and laboratory detergent, using a brush as necessary to
remove particulates.

2) Rinse with tap water.

3) Rinse with deionized water.

4) Air dry for as long as possible.

Additional or different decontamination procedures may be necessary if sampling for some

parameters, including VOCs and metals.

8.3 Sample Site Selection

Before any sampling is conducted, the first requirement is to consider suitable sampling
locations. Sampling locations should be selected in accordance with the work plan. Wading for
sediment samples in lagoons, lakes, ponds, and slow-moving rivers and streams must be done
with caution since bottom deposits are easily disturbed. Sampling must only be attempted
where safe conditions exist and samples must be collected from undisturbed sediments. All
sediment samples are to be collected commencing with the most downstream sample to avoid
sediment interference with other downstream samples. A life vest and safety line should be
worn in all cases where footing is unstable or where water is fast moving or over 3 feet (0.85 m)

in depth. A second person may also be required for most of the sampling scenarios.
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8.3.1. Rivers, Streams, and Creeks

Sediment samples may be collected along a cross-section of a river or stream in order to
adequately characterize the bed material, or from specific sediment deposits as described in the
work plan. A common procedure is to sample at quarter points along the cross-section of the
sampling site selected. Samples may be composited as described in the work plan. Samples of
dissimilar composition (e.g., grain size, organic content) should not be combined.
Representative samples can usually be collected in portions of the surface water body that have
a uniform cross-section and flow rate. Since mixing is influenced by turbulence and water
velocity, the selection of a site immediately downstream of a riffle area (e.g., fast flow zone) are
likely areas for deposition of sediment since the greatest deposition occurs where stream

velocity slows.

A site that is clear of immediate point sources (e.qg., tributaries and industrial and municipal
effluents) is preferred for the collection of sediment samples unless the sampling is being

performed to assess these sources.

8.4 Sampling Equipment and Techniques

8.4.1. General
Any equipment or sampling technique(s) [e.g., stainless steel, polyvinyl chloride (PVC)] used to
collect a sample is acceptable so long as it provides a sample which is representative of the

area being sampled and is consistent with the work plan.

8.4.2. Sediment Sampling Equipment and Techniques

A variety of methods may be used to collect sediment samples from a stream, river, or lake bed.
Dredging (Peterson, Ponar, Van Veen), coring and scooping are acceptable sediment sample
collection techniques. Precautions shall be taken to ensure that a representative sample of the
targeted sediment is collected. Caution should be exercised when wading in shallow water so
as not to disturb the area to be sampled. Samplers should be selected based on the interval to
be sampled, type of sediment/sludge (silt, sand, gravel), and required sample volume. More

than one sampler is often required to implement a sampling program at a site. The following
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describes some of these methods. Manufacturer’s information should be consulted to determine

the limitations of each type of sampling equipment.

8.4.3 Dredging
The Peterson dredge is best used for rocky bottoms, in very deep water, or when the stream
velocity is rapid. The dredge should be lowered slowly as it approaches the bottom, so as to not

disturb the lighter sediments.

The Ponar dredge is similar to the Peterson dredge in size and weight. The Ponar dredge is a
"clam-shell" type unit that closes on contact with the river/lake bottom. Depending on the size of
the unit, a winch is required for larger units, whereas smaller units are available for lowering by
a hand line. Once retrieved, the unit is opened and the sample extracted using a sample scoop
or spoon. The unit has been modified by the addition of side plates and a screen on top of the

sample compartment. This permits water to pass through the sampler as it descends.

The Ponar grab sampler functions by the use of a spring-latch-messenger arrangement. The
sampler is lowered to the bottom of the water body by means of a rope, then the messenger is
sent down to trip the latch causing the sampler to close on the sediments. The sampler is then
raised slowly to minimize the disturbance of the lighter sediments. Sediment is then placed into
a stainless steel bowl, homogenized, and placed into the appropriate sample container (if

collecting for VOC parameters, fill the VOC jars before homogenization).

8.4.4. Corers

Core samplers are used to obtain vertical columns of sediment. Many types of coring devices
are available, depending on the depth of water from which the sample is to be collected, the
type of bottom material, and the length of core to be obtained. They vary from hand-push tubes

to weight or gravity-driven devices to vibrating penetration devices.

Coring devices are useful in contaminant monitoring due to the minimal disturbance created
during descent. The sample is withdrawn intact, allowing the removal of only those layers of
interest. Core liners consisting of plastic or Teflon may also be added, thereby reducing the

potential for sample contamination and maintaining a stratified sample. The samples may be

shipped to the lab in the tubes in which they were collected. The disadvantage of coring devices
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is that only a small sampling surface area and sample size is obtained, often necessitating
repetitive sampling in order to collect the required amount of sediment for analysis. It is also
often difficult to extract the sediment sample back out through the water column without losing

the sample.

The core tube is pushed/driven into the sediment until only 4 inches (10 cm) or less of tube is
above the sediment-water interface. When sampling hard or coarse sediments, a slight rotation
of the tube while it is pushed will create greater penetration and reduce compaction. Cap the
tube with a Teflon plug or a sheet of Teflon. The tube is then slowly withdrawn, keeping the
sample in the tube. Before pulling the bottom part of the core above the water surface, it must

be capped.

8.4.5 Scooping

The easiest way to collect a sediment sample is to scoop the sediment using a stainless steel
spoon or scoop. This may be done by wading into the stream or pond and, while facing
upstream (into the current), scooping the sample from along the bottom in an upstream

direction. This method is only practical in very shallow water.

8.4.6 Mixing

Sediment samples collected for chemical analysis should be thoroughly mixed (except for
VOCs) in a stainless steel bowl prior to placement in the appropriate sample container.
Standard procedures exist for preparation of sediment samples (ASTM D3976). These should

be followed or the laboratory informed of applicable procedures.

8.4.7 Air Monitoring

Prior to sediment/sludge sampling, measure the breathing space above the sample location with
a PID, should the potential for volatiles be present, and use a hydrogen sulfide meter should
hydrogen sulfide be present. Repeat these measurements during sampling. If either of these
measurements exceed any of the air quality criteria established in the HASP, air purifying

respirators (APRs) or supplied air systems will be required.
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8.4.8 Sample Location Tie-In/Surveying

The recording of the sample locations and depth on the site plan is extremely important. This
may be accomplished by manual measurement (i.e., swing ties), global positioning system
(GPS) survey, or stadia methods. Manual measurements for each sample location should be
tied into three permanent features (e.g., buildings, utility poles, hydrants). Diagrams with

measurements should be included in the field book.

8.5 Field Notes

A bound field book is used to record daily activities, describe sampling locations and

techniques, and describe photographs (if taken). Visual observations are important, as they may

prove invaluable in interpreting water or sediment quality results. Observations shall include (as

applicable) weather, stream flow conditions, stream physical conditions (width, depth, etc.),

tributaries, effluent discharges, impoundments, bridges, railroad trestles, oil sheens, odors,

buried debris, vegetation, algae, fish or other aquatic life, and surrounding industrial areas. The

following observations should be considered:

e Predominant Surrounding Land Use: Observe the prevalent land use type in the vicinity
(noting any other land uses in the area which, although not predominant, may potentially

affect water quality).

o Local Watershed Erosion: The existing or potential erosion of soil within the local watershed

(the portion of the watershed that drains directly into the stream) and its movement into a

stream is noted. Erosion can be rated through visual observation of watershed and stream

characteristics. (Note any turbidity observed during water quality assessment.)
e Local Watershed Non-point Source Pollution: This item refers to problems and potential

problems other than siltation. Non-point source pollution is defined as diffuse agricultural

and urban runoff (e.g., stormwater runoff). Other compromising factors in a watershed that

may affect water quality are feedlots, wetlands, septic systems, dams and impoundments,

and/or mine seepage.

o Estimated Stream Width: Estimate the distance from shore at a transect representative of

the stream width in the area.
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o Estimated Stream Depth: Riffle (rocky area), run (steady flow area), and pool (still area).
Estimate the vertical distance from water surface to stream bottom at a representative depth
at each of the three locations.

o High Water Mark: Estimate the vertical distance from the stream bank to the peak overflow
level, as indicated by debris hanging in bank or floodplain vegetation, and deposition of silt
or soil. In instances where bank overflow is rare, a high water mark may not be evident.

o Velocity: Record an estimate of stream velocity in a representative run area (see
Section 12.0).

o Dam Present: Indicate the presence or absence of a dam upstream or downstream of the
sampling station. If a dam is present, include specific information relating to alteration of
flow.

e Channelized: Indicate whether the area around the sampling station is channelized.

o Canopy Cover: Note the general proportion of open to shaded area which best describes
the amount of cover at the sampling station.

o Sediment Odors: Disturb sediment and note any odors described (or include any other
odors not listed) which are associated with sediment in the area of the sampling station.

o Sediment Oils: Note the term which best describes the relative amount of any sediment oils
observed in the sampling area.

e Sediment Characteristics: Note the grain size, color, consistency, layering, presence of
biological organisms, man-made debris, etc. in accordance with standard ASTM saoill
description protocols.

o Sediment Deposits: Note those deposits described (or include any other deposits not listed)
which are present in the sampling area. Also indicate whether the undersides of rocks not
deeply embedded are black (which generally indicates low dissolved oxygen or anaerobic

conditions).

8.6 References

For additional information pertaining to this topic, the user of this manual may reference the
following:

ASTM D5358 Practice for Sampling with a Dipper or Pond Sampler

ASTM D4489 Practices for Sampling of Waterborne Oils

ASTM D3325 Practice for the Preservation of Waterborne Oil Samples
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ASTM D4841 Practice for Estimation of Holding Time for Water Samples Containing Organic
and Inorganic Constituents

ASTM D4416 Guide for Sampling Fluvial Sediment in Motion

ASTM D4823 Guide for Core-Sampling Submerged, Unconsolidated Sediments

ASTM D3213 Practice for Handling, Storing, and Preparing Soft Undisturbed Marine Soil
ASTM D3976 Practice for Preparation of Sediment Samples for Chemical Analysis

ASTM E1391 Guide for Collection, Storage, Characterization, and Manipulation of Sediments
for Toxicological Testing

ASTM D4581 Guide for Measurement of Morphologic Characteristics of Surface Water Bodies
ASTM D5906 Guide for Measuring Horizontal Positioning During Measurements of Surface
Water Depths

ASTM D5073 Practice for Depth Measurement of Surface Water

ASTM D5413 Test Methods for Measurement of Water Levels in Open-Water Bodies

44



Evergreen Field Procedures Manual
PES Philadelphia Refinery Complex, Philadelphia, PA
Sunoco Partners Marcus Hook Industrial Complex, Marcus Hook, PA

9.0 SLUG TEST PROCEDURES

9.1 Materials and Equipment Necessary for Task Completion

Water level (data) logger capable of recording pressure and/or depth at sub-second time
intervals (preferably a vented logger capable of advanced logging modes); vented, direct-read
cable of sufficient length (with dessicant); interface tape/probe or water level meter; solid
(mechanical) slug, pneumatic slug, or packer system [the introduction or removal of water is not
recommended (e.g., bailer or bucket)]; 5 gallon bucket, traffic cones and/or barricades,
deionized or distilled water and Alconox®; decontamination bucket and brush; and laptop

computer or rugged reader.

9.2 Decontamination Requirements

Equipment utilized during slug testing must be thoroughly decontaminated with Alconox® and
deionized/distilled water prior to and between uses at each test well to prevent cross
contamination between wells. Any groundwater removed from the well during testing must be
containerized and either treated and discharged to ground surface, or disposed of in an
approved manner, preferably in a properly installed, onsite holding tank. If LNAPL is
encountered/recovered, it should be containerized and properly disposed onsite. However, the

preferred test initiation methods (solid and/or pneumatic slug) do not generate any groundwater.

9.3 Methodology for Slug Testing

Slug tests are utilized to provide in-situ estimations of hydraulic conductivity (k) in saturated
media, most often in geologic formations that exhibit aquifer properties (low k media can also be
tested with special consideration). Slug tests involve rapidly displacing the static water level in a
well, and analyzing the well’'s rate and pattern of recovery back to near-static conditions. Falling
head or slug-in tests involve analysis of displacement due to the addition of volume, and rising
head or slug-out tests involve the analysis of displacement due to the removal of volume.
Displacement is initiated using either a solid or pneumatic slug. Water level response is
monitored immediately following the initial displacement and for the ensuing time period until the
water level has returned to near-static level (generally within 5% of static). Water level
response should be recorded using a water level (data) logger capable of recording pressure
and/or depth at sub-second time intervals (preferably a vented logger). Logarithmic logging
modes are preferred to shorten the data file while still providing high resolution data just after

test initiation.
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9.4

Field Procedures

Test Well Construction and Configuration - Well construction details are needed to
perform slug test calculations and are important considerations when selecting
appropriate wells for testing. Important as-built details include: total well depth, well
screened interval(s), depth to (static) water, casing diameter, screen diameter, filter pack
diameter, filter pack size, and filter pack interval. While these details should be
documented on the well log, static water level and total well depth should be field-
confirmed before the test. Of particular importance to the testing procedure is the
relationship between static water level and well screened interval, and the degree of well
development. Test results for poorly or insufficiently-developed wells may be strongly
affected by drilling debris/disturbance in the formation that can create skin effects,
lowering the apparent formation k. Analysis of testing data for wells screened across the
water-table should consider drainage of the filter pack media. In addition, a pneumatic
slug assembly should not be utilized unless the test well is screened below the water

table and the water level remains above the screen throughout the test.

Test Setup and Initiation - Upon arrival, the test well should be gauged for static depth to
water and total well depth so that the total water column length can be estimated. Well
gauging data should be recorded in a rugged reader using an EDGE file, if available, or

field form or book.

a. Solid Slug
The displacement volume of the slug is needed. It is suggested that the slug be
prefabricated and calibrated for displacement volume prior to site use. Calculate
the expected initial well displacement, using the slug volume and well casing
radius, and deploy the data logger/cable to a depth just below that level while
considering the slug length (to avoid conflict and tangling of the slug and
transducer). Also consider the submergence depth limit of the data logger
(usually indicated on the logger body). Generally, placing the data logger a foot

or two below the bottom of the slug is good practice. Once submerged, allow the
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data logger temperature to equilibrate with groundwater prior to initiating the test

(up to 30 minutes).

While the data logger temperature equilibrates, secure the slug to an adequate
length of disposable string or rope and hang in the well to a depth just above the
water surface. Mark the string/rope to accommodate the slug length and tie off.
Using the rugged reader or field computer, set up a new test (logarithmic mode
or sub-second recording interval) in the data logger supplied software and start
the test. Indicate in the file name the type of test and test number (e.g., rising or
falling head; test 1 or 2). Once logging is initiated, quickly and smoothly lower
the slug (slug-in or falling head test) to the submerged depth and tie off the
string/rope (displacement should be instantaneous). Monitor the data logger
data until the water level has returned to near-static level. Stop the falling head

test.

Without moving the slug or data logger, set up a new test in the data logger
supplied software with the same settings and indicate in the file name the type of
test being performed (rising head or slug out). Start the test and once the data
logger is running, instantaneously lift the slug and tie off the string/rope to its pre-
test position (just above static). Monitor the data being recorded by the data

logger and stop the test when the water level has returned to near-static.

b. Pneumatic Slug
If a high formation k is anticipated, solid slug removal is found to be too slow to
capture well recovery, or to minimize equipment decontamination for wells with

submerged screens, a pneumatic slug assembly should be utilized.

Open air release valve, secure pneumatic slug assembly to well casing and
tighten coupling to provide an air tight seal. Insert the data logger/cable and
deploy to the target submergence depth [it is generally best to keep the data
logger shallow (~1-2 feet below static water level) and use small initial
displacements to avoid dynamic recovery effects in high k formations]. Close the

air release valve and attach the air pump or compressor. Pressurize the well and
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use the pressure gauge to set initial displacement. Check for air leaks using a
soapy water mixture and sprayer (assembly must be air tight). Allow the water
level to return to static and remove the air pump. Using the rugged reader or
field computer, set up a new test (logarithmic mode or sub-second recording
interval) in the data logger supplied software and start the test. Indicate in the file
name the type of test and test number (e.g., rising head; test number). Once
logging is initiated, open the air release valve and monitor the test data. Stop the

test when the water level has returned to near-static.

Test Monitoring and Guidelines - The following are general guidelines for slug testing
performance as published by Midwest Geosciences Group in “Field Guide for Slug

Testing and Data Analysis:”

Conduct at least three or more tests per well and if possible conduct both rising
and falling head test data.

Use two or more initial displacement values (2 slug sizes or air pressures
applied) that vary by an order of magnitude or more.

Final slug test initial displacement should be nearly equivalent to the first test’s
displacement.

Allow tests to run until near-static conditions are achieved (+/- 5% of static)
Digital slug test data files collected with the data loggers and/or EDGE files
should be backed up to either a thumb drive, corporate email server, and/or

corporate file server immediately after collection.

Test Data Reduction and Processing - Prior to slug test analyses, digital data logger files
should be normalized so that multiple tests conducted on the same test well can be
compared for the assessment of test validity and well conditions. Reducing the data as

follows:

From each raw data file, estimate the time of test initiation and the head (depth or

pressure) under static conditions.
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o In each slug test data file, subtract the time of test initiation from the elapsed time
and save to a new field (normalized time or test time; start of test should be time
Zero).

. In each slug test data file, subtract the static pressure head from the test period
pressure head values and save to a new field (deviation from static).

) To normalize the deviation from static values, divide that field by the
displacement expected based upon the slug volume or air pressure head
applied.

° Create a graphical plot of the normalized head data versus test time for each test
performed on the test well. Review the data plots and confirm that the testing
data for each repeat test roughly concur. Also confirm that the actual and
expected initial displacements are nearly equal.

. If repeat testing data and/or expected versus actual initial displacements vary
widely, review well completion details and testing methods prior to performing
further analysis (step 5 below) as the results may not be valid (e.g., the well
screen interval may be poorly developed or fouled, the data logger may have
moved or placed too deep in the well, slug was removed too slowly). The well

may need to be retested.

Test Data Analysis - For the purposes of this standard operating procedural document, it
is assumed that slug test analysis software will be used to apply standard solution
methods to the testing data. Various computer programs are available, such as
AQTESOLYV Professional. Choose an appropriate test solution method by considering

the following well configurations (in AQTESOLYV, use the Solution Expert):

a. Submerged Screen and/or Confined Aquifer Well - If the well screen fully
penetrates the intersecting aquifer, utilize the Cooper et al. Model or Hvorslev
Model and analyze the curve match and/or best fit. If well is partially penetrating
a confined formation, utilize the KGS Model or Hvorslev Model. If well screen is
submerged in an unconfined formation, utilize the KGS Model or Bouwer and
Rice Model.
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b. Water-Table Intersects Well Screen - If the well screen is intersected by the
water table, utilize the Bouwer and Rice Model (double straight line effect) or
KGS Model.

C. Rapid Well Recovery in High k Formations - If well response to displacement is
extremely rapid and normalized head plots display an oscillatory or concave-
downward form, utilize the Butler and Zhan Model (most comprehensive solution
available) or High-k Hvorslev Model for confined wells, or the High-k Bouwer and
Rice Model.

9.5 Limitations

In general, results of slug test data analyses provide an initial estimate of formation k and have
a small scale of relevance (particularly in high k settings). Slug tests can be strongly affected by
the degree of well development and can be used diagnostically to assess the degree of well
development. In most cases, slug testing should be performed on several wells in an area of
interest to develop an understanding of the formation characteristics (e.g., heterogeneous or

homogeneous formations).
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10.0 PUMP TEST PROCEDURES

10.1  Materials and Equipment Necessary for Task Completion

Water-level (data) loggers (transducers) capable of recording pressure and/or depth at sub-
second time intervals (preferably a vented logger capable of advanced logging modes for at
least the pumping well); vented, direct-read cables of sufficient length (with dessicant packs);
interface tape/probe or water-level meter; well pump (preferably a submersible pump), drop pipe
and layflat or comparable discharge line of sufficient length, totalizing flow meter
(recommended) and 5 gallon bucket, stop watch, rain gauge or nearby weather station;
materials needed to monitor surface water bodies near the test site (e.g., staff gauge, weir,
stakes, data logger, camera with permission from refinery personnel); traffic cones and/or
barricades, deionized or distilled water and Alconox®; decontamination bucket and brush;
laptop computer or rugged reader; portable generator or other power supply appropriate for the
submersible pump; and containment (e.g., frac tank) or activated carbon filtration for the

temporary staging or filtering of discharge water.

10.2 Decontamination Requirements

Equipment utilized during pumping tests must be thoroughly decontaminated with Alconox® and
deionized/distilled water prior to and between uses at each test well to prevent cross
contamination between wells. Any groundwater removed from the tested well must be
containerized and either treated (filtered as appropriate) and discharged to ground surface, or
disposed of in an approved manner, preferably in a properly installed, onsite holding tank. If
LNAPL is encountered/recovered, it should be containerized and properly disposed of on or off-

site.

10.3 Methodology for Pump Testing

10.3.1 Pre-test Considerations

In general, pumping tests are performed to estimate large-scale in-situ hydraulic properties of
water-bearing strata in the subsurface (i.e., transmissivity and storativity) and average out local-
scale heterogeneity that can limit the applicability of smaller-scale testing methods, such as slug
tests. The geographical area influenced by a pumping test will be determined by the hydraulic
properties of the strata being tested (including hydraulic properties of other strata supplying

recharge to the pumped formation), boundary conditions, and on the duration of the test.
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Pumping tests are also commonly performed to generate drawdown data from which hydraulic
boundary conditions, hydraulic flow regime (e.g., anisotropy), and aquifer type (i.e., unconfined
or confined, leaky confined) may be estimated. Smaller-scale pumping tests may also be
utilized to address pumping efficiency and/or signal to noise ratio (pumping rate) at the pumping
well, or to assist in remedial system design. However at this scale, the assumptions of some

data analysis methods may not be applicable and should be considered prior to testing.

Appropriate design of a pumping test should include review of site-specific information regarding
the geology and hydrogeology of the test area. Pumping test design should also consider the
goal(s) of the test (i.e., scale of application of derived aquifer properties, identification of
boundary influences, sources of recharge, well efficiency). This should include review of
available lithologic well logs or test boring logs, geologic maps, cross sections, structure contour
maps, isopach maps, and any other available information so that a conceptual model relating
geologic units to hydrostratigraphic units or water-bearing strata can be developed. Additional
pre-test considerations should include identification of any potential positive or negative
hydraulic barriers, tidal effects, and/or influence from other wells that may be pumping in the test
area. Without sufficient knowledge of factors influencing water-levels and hydrology of the test

area, test results could be misinterpreted.

Often times, budget considerations and/or time limitations will necessitate the use of an existing
monitoring well as the pumping well and/or existing wells as observation points. While this is
generally acceptable, the wells must be screened appropriately with respect to the goals of the
test and knowledge of well construction is critical to applying test solutions. Wells should also
be redeveloped prior to testing if they are relatively old or if records of sufficient well

development at the time of installation are not readily available.

Pumping tests can be divided into two general classifications: step-drawdown tests and
constant rate tests. Step tests typically involve pumping a well at progressively higher rates or
“steps” at intervals of one or two hours per step (typically up to 3 steps). They are often used to
estimate the yield a well will sustain during a constant rate pumping test and to evaluate well
efficiency (frictional head losses between the screen/gravel pack and the formation). Constant
rate pumping tests are used primarily to evaluate hydraulic properties of water-bearing strata for

design of groundwater treatment systems and/or water supply purposes (e.g., groundwater
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allocation). Where budgets permit, the best pumping test approach is to first perform a step-
drawdown test on the pumping well to evaluate well efficiency and sustainable yield (and to
gauge whether or not the pumping well needs additional development), allow recovery to near-

static conditions, and then initiate a constant rate test.

The test duration is subject to goals of the test and to budget considerations. Optimally, a
constant rate test should be run until all drawdowns have stabilized or boundary conditions are
identified, and gravity drainage effects are curtailed; however, this is seldom practical due to
time limitations. In most instances, an 8 hour constant rate test will be adequate, and a 24 hour
test will be sufficient for higher sensitivity sites. Occasionally a 72 hour pumping test is
warranted, though this is usually reserved for large scale water supply work. If there are any
unexplained water level anomalies observed toward the scheduled end of a test, the test should

be continued if at all possible.

The approximate test flow rate needs to be determined in advance for proper pump and
discharge design selection, and sizing of discharge containment. If it is not appropriate to
perform a step test, sustainable yield can be estimated from slug test data or a brief (<30
minutes) pumping episode the day before the actual test. Generally, it is best to pump the test
well at a rate that maximizes the signal to noise ratio (a higher pumping rate does not influence

test scale and should not be used as a means to shorten the test duration).

If testing must be performed in an area where contamination is known to be present, careful
consideration of the impacts of the test scale should be considered prior to testing so that the
spread of subsurface contamination is not increased. If floating product (LNAPL) is present at
or near the pumping well, drawdown should be limited so as to not impact uncontaminated soils
below the static water table (i.e., create a “smear” zone or allow for the significant migration of
free-phase product). Discharge water must be either 1) treated prior to discharge or 2)
containerized for on or off-site disposal. If it is to be discharged directly on-site and allowed to
infiltrate, it must be routed sufficiently far enough from the test area as to avoid any artificial
recharge effects. All appropriate withdrawal and discharge permits must be obtained and
complied with. If discharge water is to be treated on-site, proper contaminant loading
calculations for the test flow rate, approximate contaminant loading and test duration must be

performed in advance to insure treatment is sufficient. Any on-site treatment should also
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include at least one discharge effluent sample analysis by an approved laboratory to document

treatment effectiveness.

10.3.2 Pre-Test Water Level Monitoring

Water-level conditions in the test area should be monitored for at least one week prior to
initiation of testing to identify background trends and factors influencing groundwater levels in
the test area. Data loggers should be deployed in all wells to be utilized in the pumping test and
set to record depth or pressure at a resolution that is high enough to identify any potential trends
(generally a 15 minute recording interval is sufficient for background monitoring). A manual
water level should be measured with a water-level meter or interface probe and referenced to
the top of casing mark to calibrate the data logger data at the time of deployment and at
sufficient intervals throughout the recording period to validate the data and provide backup data

in the event that a data logger was to fail.

Ideally, groundwater levels should be static prior to starting a pumping test so that pumping
influences alone can be readily evaluated. Any significant precipitation events within the
previous several days (documented through use of a site rain gauge or nearby weather station)
will usually result in noticeable water level changes. If there are any major water level changes
observed that cannot be explained prior to testing, additional investigation into possible area

influences (e.g., local well pumping or construction de-watering) should be conducted.

10.3.3 Pumping Test Set Up

Prior to starting the test, all well measuring points (i.e. top of casing) should be clearly marked
and preferably surveyed to the nearest 0.01 feet in elevation. The horizontal distance between
all wells utilized should be measured and illustrated on a base map. If there are any surface
water bodies in the vicinity, a staff gauge (or similar measuring device) should be set up and

surveyed to evaluate possible test influences on water levels or stream flow.

The preferred pump to be used for a pumping test is a submersible centrifugal pump powered
by either existing site power or a portable generator. These pumps are not explosion proof, so
a conductivity probe must be tied into the pump controls to alleviate any possibility of product
coming into contact with the pump (if product is anticipated). If the test pump is designed to

pump total fluids (e.g. air operated double diaphragm pump, jack pump, etc.) discharge must
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either be containerized, or treatment must include an oil/water separator to handle any floating
product. The submersible pump should be set deep enough to maintain flow during the test
period or at a maximum of just above the screened interval, using a handling line to support the
pump’s weight [NOTE: extreme care must be taken that the power cord is neither bearing any of
the pumps weight, nor damaged during installation due to the potential for severe electric
shock]. A check valve (or two check valves) should be installed above the pump in the

discharge line to prevent backflow into the well after testing.

Discharge piping from the pump should include a flow meter (preferably with totalizer), followed
by a flow adjustment valve. The flow meter should be installed in a straight section of hard
piping of sufficient length to avoid meter distortion caused by turbulence (typically about

10 pipe diameters on either side of the meter). In low-flow pumping tests, flow rate can be
calculated by measuring the exact time required to fill a known-sized container (bucket and stop
watch) several times throughout the testing period. The bucket and stop watch method of

estimating flow should also be used to back up and check the flow meter data.

Precise and frequent water-level measurements (to the nearest 0.01 feet) and time denotations
before, during, and after pumping tests are critical to achieving accurate test results. In terms of
prioritization, data loggers should be utilized in at least the pumping well and observation wells
closest to the pumping well. Wells further from the pumping well may be manually monitored,
due to the reduced likelihood that early-time drawdown will be critical at distal locations. Back-
up manual measurements should be collected at least hourly during the first 8 hours of the test,
and then at least every 3 hours, to verify data logger measurements. Readings from the
transducers are not completely reliable until they have been submerged for at least 30 minutes
(sensor equilibration period). All field personnel should have watches with a second hand, and
they should all be calibrated to the same time. Liquid level measurements should be obtained
using an optical oil/water interface probe with a graduated measuring tape to 0.01 foot accuracy
for those wells with floating product. For wells without product, a water-level meter may be
sufficient. All non-dedicated probes must be properly decontaminated after each level reading

to prevent any possibility of cross- contamination between wells.

Data loggers should be deployed in each selected well to a depth that will maintain

submergence through the test period. Data loggers selected should be capable of being
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submerged to that anticipated depth (typically noted on the instrument body). The transducer
cable should be secured at the wellhead (manufacturer supplied hangers, well caps, or
electrical tape/cable ties) to minimize any movement of the sensor. Care must be taken that the
transducer cable is not damaged from rough edges at the well head, and that no vehicles run
over the cable. The data logger installed in the pumping well will need to be installed at a depth
that will maintain submergence through the test, but also remain clear of the submersible pump
(and pump noise if possible). In addition, wells with floating product may require an inner PVC
stilling well surrounding the data logger cable to prevent damage from contact with the product.

A stilling well may also eliminate the need for any water-level corrections for product thickness.

10.3.4 Running the Test

Once the data loggers have been deployed and secured, tests should be set up in each device
and each device either started or “future” started to begin logging when the pump is turned on.
The data logger in the pumping well should be set to logarithmic logging mode to capture sub-
second data during the early portion of the test. If possible, the pump discharge control valve
should be have been pre-set (based on the step test or mini pump test) to the desired flow rate
prior to turning on the pump. However, depending on the test pumps performance curves,
minor flow rate adjustments are generally needed during the first hour or two of the test to
correct for the additional lift required by the pump due to increasing drawdown. In addition,
movement of the discharge hose after the test has been started should be avoided, since any
change in the elevation of the discharge will affect the pumping rate. All changes in flow rate

should be recorded and time stamped.

A minimum of two field personnel are needed to run a pumping test, with additional personnel
required for tests with multiple observations wells or additional complexity. One person should
be designated to turn on the pump, monitor and adjust flow rate, maintain discharge and
treatment, maintain the generator, etc. The second person should be responsible for data
logger management and manual water-level measurements. As a rule of thumb regarding the
frequency of manual well gauging, one measurement every half minute during the first 5 to 10
minutes, followed by one measurement every 3 to 5 minutes during the first hour, one
measurement every 10 to 20 minutes for the second hour, and one hourly measurement

thereafter is acceptable.
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Throughout the test, data loggers should be downloaded in real time through use of direct-read,
vented cables (or non-vented with a barometric logger for compensation) to monitor water-level
conditions. It is essential that some data reduction be accomplished in the field, so that major
water level trends are recognized during the test. At a minimum, drawdown trends from the
pumping well and two of the nearest monitoring wells need to be semi-log plotted against time
so that deviations indicative of boundary conditions can be discerned before pumping is ceased.

This will allow decisions to be made about whether the test should run longer than planned.

Generally, water quality samples are collected during a pumping test for laboratory analysis of
constituents of concern. These are generally collected after the first hour of pumping and just
prior to pump shutdown. If the test is of more than 24 hours duration, it is advisable to collect

additional samples during the testing period. All groundwater samples should be collected

following Evergreen Field Procedures.

10.3.5 Post-test Recovery

At the conclusion of the test, water level recovery data should be collected until near-static
conditions are re-established. This requires the installation of a check valve in the discharge
line above the submersible pump to prevent backflow. The recovery data has the advantage in
that there are no variations in the curve produced due to variations in pumping rate and is
independent of test length. In water-table aquifers, however, the effects of formation de-
watering can cause the recovery trends to be substantially different from drawdown trends.
Consequently, recovery (residual drawdown) data should be used in conjunction with drawdown

data where possible.

10.3.6 Data Analysis

The data collected during pumping tests are analyzed to estimate aquifer hydraulic properties,
such as transmissivity, conductivity, and storage. Data collected by transducers must be
downloaded and transformed (dimensionless drawdown or displacement from static) prior to
analysis. Analysis typically involves curve matching of site data to type curves established in
literature for particular flow regimes. Curve matching is commonly performed utilizing computer
software, such as HydroSOLV’s AQTESOLYV program, along with diagnostic methods and
derivative analysis to best estimate aquifer properties through identification of flow regimes and

conditions.
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It is noted that the mathematical solutions used in pumping test analysis include many
assumptions that must be considered in the context of each test area (e.g., the formation is of
uniform thickness and of infinite areal extent). In addition, some of the values incorporated into
typical pumping test solutions are not actually measured, but are educated estimates (e.g.,
porosity based on lithology, etc.). Many problems associated with pumping test data evaluation
are due to not recognizing, and/or correcting for, deviations from the theoretical solution
employed. Some of the more common analytical errors occur due to: partial well penetration
effects, formation de-watering effects, casing storage effects, poor pumping well efficiency
and/or the application of incorrect equations or units. Consequently, a thorough understanding
of the underlying assumptions inherent to the solution employed is required before the validity of

the results can be trusted.
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SOIL BORING AND MONITORING WELL LOGS

Remedial Investigation Report

Area of Interest 1

Philadelphia Refinery Complex

Philadelphia, Pennsylvania

Philadelphia Refinery Operations,

a series of Evergreen Resources Group, LLC

3144 Passyunk Avenue, Philadelphia, Pennsylvania

Q Stantec



GEO FORM 304 PHILLY AOI-1 APRIL2015 TO JUNE2015.GPJ STANTEC ENVIRO TEMPLATE 010509.GDT 7/17/15

PROJECT: Philadelphia Refinery

LOCATION: AOI-1
PROJECT NUMBER:

WELL / PROBEHOLE / BOREHOLE NO:

BH'1 4'001 PAGE 1 OF 1

Aquaterra
Technologies, Inc.

DRILLING / INSTALLATION:
5/15/15 COMPLETED:
DRILLING COMPANY: Aquaterra
DRILLING EQUIPMENT:

STARTED

DRILLING METHOD:

SAMPLING EQUIPMENT: Hand Auger

NORTHING (ft):

5/15/15 LAT:
GROUND ELEV (ft):

WELL CASING DIA. (in): ===
LOGGEDBY: LM

INITIAL DTW (ft): Not Encountered
STATIC DTW (ft): Not Encountered

EASTING (ft):

LONG:

TOC ELEV (ft):
WELL DEPTH (ft): ===
BOREHOLE DEPTH (ft): 6.0

BOREHOLE DIA. (in): 2
CHECKED BY: TD

oS Q n (0] 8 N = a— § —~
=% | < a - 5 3 5 claA o =5
@3B (69 O Description £ Tme 1289 285|292 59
Ege g_n 2 p & | Sample ID g&% @8 g&\% ge
T
SANDY CLAY WITH SILT AND GRAVEL ; dark reddish brown 1600
BH-14-001 228.4 h
_0-2
" | CLAYEY SILT WITH FINE TO MEDIUM GRAVEL ; dark grayish brown | 1630 ’
BH-14-001 258.7 h
24
" | SANDY CLAY dark grayish green and brown | 1700 ’
5 BH-14-001 364.7 5
_4-6
Borehole terminated at 6 feet. )
10— 10
15— 15—
20— 20—
25— 25—
30— 30




GEO FORM 304 PHILLY AOI-1 APRIL2015 TO JUNE2015.GPJ STANTEC ENVIRO TEMPLATE 010509.GDT 7/17/15

PROJECT: Philadelphia Refinery

LOCATION: AOI-1
PROJECT NUMBER:

DRILLING / INSTALLAT

ION:

STARTED 5/15/15 COMPLETED: 5/15/15
DRILLING COMPANY: Aquaterra
DRILLING EQUIPMENT:

WELL / PROBEHOLE / BOREHOLE NO: E
BH'1 4'002 PAGE 1 OF 1 A\quaterra
NORTHING (ft): EASTING (ft):
LAT: LONG:
GROUND ELEYV (ft): TOC ELEV (ft):

INITIAL DTW (ft): Not Encountered ~ WELL DEPTH (ft): ===
STATIC DTW (ft): Not Encountered  BOREHOLE DEPTH (ft): 6.0

DRILLING METHOD: WELL CASING DIA. (in): === BOREHOLE DIA. (in): 2
SAMPLING EQUIPMENT: Hand Auger LOGGED BY: LM CHECKED BY: TD
- 3
Se |21 9 2 , ol =8 o co
= = 2 S |a N =%
2898 128 3 Description £ Time 1288 533322 58
Egg g_n 2 p & | Sample ID g&% @8 EQE ge
T
SANDY CLAY WITH SILT AND GRAVEL ; reddish brown with black 1715
BH-14-002 25.2 8
_0-2
" | CLAYWITH GRAVEL ; dark brown with gray | 1745 ’
BH-14-002 100.3 8
24
" | CLAY;dark grayand brown T T T T 7] 1815 ’
5 BH-14-002 420 | 5
46
Borehole terminated at 6 feet. )
10— 10—
15— 15—
20— 20
25— 25—
30— 30




GEO FORM 304 PHILLY AOI-1 APRIL2015 TO JUNE2015.GPJ STANTEC ENVIRO TEMPLATE 010509.GDT 7/17/15

PROJECT: Philadelphia Refinery
LOCATION: AOI-1
PROJECT NUMBER:

DRILLING / INSTALLATION:
STARTED 5/20/15 COMPLETED: 5/20/15
DRILLING COMPANY: Total Quality

DRILLING EQUIPMENT: Jackhammer with spoon

WELL / PROBEHOLE / BOREHOLE NO: =
&>
BH'1 4'003 PAGE 1 OF 1 A\quaterra
NORTHING (ft): EASTING (ft):
LAT: LONG:
GROUND ELEV (ft): TOC ELEV (ft):

INITIAL DTW (ft): Not Encountered ~ WELL DEPTH (ft): ===
STATIC DTW (ft): Not Encountered BOREHOLE DEPTH (ft): 16.0

DRILLING METHOD: WELL CASING DIA. (in): === BOREHOLE DIA. (in): 2
SAMPLING EQUIPMENT: Hand Auger to 8 feet LOGGED BY: LM CHECKED BY: TD
I 3
Beo |2 9 o , SO O | PN R
= = 2 S |a N =%
@3B (69 O Description g Tme 1289 285|292 59
Egg g_n 2 p 8 Sample ID g&% @8 5&5 g8
T
SANDY CLAY WITH SILT ; brown and black 1230
h BH-14-003 56.3 T
02
" | GRAVELLY CLAY; black; bricks 7] ’
| BH-14-003@ |
o 128.3
| CLAY;brownandblack T T T T 7] ’
BH-14-003@ _
5 a6 1731 5
" | CLAY;reddishbrown T T T T T T T ’
BH-14-003@ |
6.8 280.3
" | SANDY SILT WITH CLAY AND GRAVEL ; reddish brown | 1300 ’
BH-14-003 986.2 T
8-10
108~ T SANDY GRAVEL WTH SILT ;darkred 7] 10
o‘ . BH-14-003@ 754.6 i
o N 10-12' ’
o @ I i
~'., SANDY GRAVEL WITH SILT ; orangeish red
o‘ ) BH-14-003@ 684.1 i
o N 12-14' ’
o @ I i
SANDY SILT WITH GRAVEL ; reddish brown
BH-14-003@ _
15 1416 4103| 15
Borehole terminated at 16 feet. )
20— 20—
25— 25—
30— 30—




GEO FORM 304 PHILLY AOI-1 APRIL2015 TO JUNE2015.GPJ STANTEC ENVIRO TEMPLATE 010509.GDT 7/17/15

PROJECT: Philadelphia Refinery

LOCATION: AOI-1
PROJECT NUMBER:

DRILLING / INSTALLATION:
STARTED 5/27/15 COMPLETED: 5/29/15
DRILLING COMPANY: Total Quality

DRILLING EQUIPMENT: Jackhammer with spoon

WELL / PROBEHOLE / BOREHOLE NO: =
&>
BH'1 4'004 PAGE 1 OF 1 A\quaterra
NORTHING (ft): EASTING (ft):
LAT: LONG:
GROUND ELEV (ft): TOC ELEV (ft):

INITIAL DTW (ft): Not Encountered ~ WELL DEPTH (ft): ===
STATIC DTW (ft): Not Encountered BOREHOLE DEPTH (ft): 16.0

DRILLING METHOD: WELL CASING DIA. (in): === BOREHOLE DIA. (in): 2
SAMPLING EQUIPMENT: Hand Auger to 8 feet LOGGED BY: LM CHECKED BY: TD
I 8
Beo |24 9 o , Sl .28 o co
= = 2 S |a N =%
28T |28 3 Description £ Time 1289 83222 58
Egg g_n 2 p & | Sample ID g&% @8 5&5 ge
T
SANDY SILT WITH FINE GRAVEL ; black and brown 0800
BH-14-004 241.5 h
_0-2
" "| CLAY;light orange; cohesive 7] i
BH-14-004@ |
2.4 154.3
" | SANDY SILT; orange and biack; fine-grained; layered | i
BH-14-004@ _
4-6' 271.2 5
" | SANDYSILT; orange and black ] i
BH-14-004@ |
6-8' 689.9
" | SANDY SILT ; red and orange; fine-grained; multicolored (red, orange, | 1400 i
gray, black) BH-14-004 963.4 1
_8-10
" | SANDY GRAVEL WITH SILT ; tan and gray; fine to coarse-grained; | 107
multicolored (tan, gray, white, brown, red) BH-14-004@, 8958 |
10-12' :
" | SANDY SILT WITH GRAVEL AND CLAY ; reddish brown; and gray - black | i
clayey silts BH-14-004@) |
12-14' 843.2
" | SANDY SILT WITH GRAVEL ; reddish brown; fine-grained; rounded; | i
multicolored gravel. Sample submitted for geotech analysis of foc and grain BH-14-004@, 8543| 15—
size 14-16' :
Borehole terminated at 16 feet. ’
20 20
25— 25—
30 30




GEO FORM 304 PHILLY AOI-1 APRIL2015 TO JUNE2015.GPJ STANTEC ENVIRO TEMPLATE 010509.GDT 7/17/15

PROJECT: Philadelphia Refinery
LOCATION: AOI-1
PROJECT NUMBER:

WELL / PROBEHOLE / BOREHOLE NO:

BH'1 4'005 PAGE 1 OF 1

Aquaterra
Technologies, Inc.

DRILLING / INSTALLATION:
STARTED 5/27/15 COMPLETED:
DRILLING COMPANY: Total Quality
DRILLING EQUIPMENT: Jackhammer with spoon
DRILLING METHOD:

SAMPLING EQUIPMENT: Hand Auger to 8 feet

6/4/15

NORTHING (ft): EASTING (ft):
LAT: LONG:
GROUND ELEYV (ft): TOC ELEV (ft):
INITIAL DTW (ft): Not Encountered
STATIC DTW (ft): Not Encountered
WELL CASING DIA. (in): ===

LOGGEDBY: LM CHECKED BY: TD

WELL DEPTH (ft): ===
BOREHOLE DEPTH (ft): 16.0
BOREHOLE DIA. (in): 2

oS Q n (0] 8 N = a— § —~
=% | < a - 5 3 5 claA o =5
2898 128 3 Description S Time 1288 533322 58
Ege g_n 2 p & | Sample ID g&% @8 gag ge
T
SILTY CLAY ; brown and tan; micaceous 0900
BH-14-005 927.6 h
_0-2
" | CLAYEY SILT WITH FINE GRAVEL ; dark brown; micaceous | ’
BH-14-005@) |
2.4 848.3
" | SILTY CLAY WITH SAND AND GRAVEL ; dark brown and gray | ’
BH-14-005@) |
4-6' 665.7 5
" | CLAYEYSILT ;tanandbrown” 7] ’
BH-14-005@) |
6-8' 437.5
" | CLAY;dark grayand brown T T T T 7] ’
BH-14-005@) |
8-10' 1187
" | SILTY CLAY ; gray and brown; multicolored (gray, brown, orange, and | 1300 107
white) BH-14-005 1560 .
_8-10
" | SANDYCLAY grayand brown 7] ’
BH-14-005@) |
12-14' 837
| CLAYlightgray T T T T T T T T T T ’
BH-14-005@) |
14-16' 719 15
Borehole terminated at 16 feet. )
20— 20—
25— 25—
30— 30




GEO FORM 304 PHILLY AOI-1 APRIL2015 TO JUNE2015.GPJ STANTEC ENVIRO TEMPLATE 010509.GDT 7/17/15

PROJECT: Philadelphia Refinery
LOCATION: AOI-1
PROJECT NUMBER:

WELL / PROBEHOLE / BOREHOLE NO: 2
&>

BH-14-006 race 1 oF 1 Aquaterra

DRILLING / INSTALLATION:
STARTED 5/27/15 COMPLETED: 5/28/15
DRILLING COMPANY: Total Quality

DRILLING EQUIPMENT: Jackhammer with spoon
DRILLING METHOD:

SAMPLING EQUIPMENT: Hand Auger to 8 feet

NORTHING (ft): EASTING (ft):
LAT: LONG:

GROUND ELEYV (ft): TOC ELEV (ft):

INITIAL DTW (ft): Not Encountered ~ WELL DEPTH (ft): ===

STATIC DTW (ft): Not Encountered BOREHOLE DEPTH (ft): 20.0
WELL CASING DIA. (in): === BOREHOLE DIA. (in): 2
LOGGED BY: LM CHECKED BY: TD

3 o 2 n @ e 2o 2 E § a1 <
=% | < a - 5 3 5 claA o =5
2898 128 3 Description S Time 1288 533322 58
Ege g_n 2 p & | Sample ID g&% @8 gag ge
T
SILTY CLAY ; brown and tan; micaceous 1000
BH-14-006 264.5 h
_0-2
" | SANDY SILT WITH CLAY AND GRAVEL ; brown; micaceous | i
BH-14-006@ |
2.4 524.1
" '| CLAY;light tan and brown; plasticty ] i
BH-14-006@ _
4-6' 672 5
" 7| SILTY CLAY ; light tan and brown; loose | i
BH-14-006@ |
6-8' 592
" | CLAY;lightbrownandgray 7] i
BH-14-006@ |
8-10' 389
" | CLAY; white and tan; multicolored (white, tan, brown, and orange) | 107
BH-14-006@ |
10-12' 392
" | SANDY GRAVEL WITH SILT ; brown and tan; multicolored (brown, tan, | i
red, and white) BH-14-006@ 083 |
12-14'
BH-14-006@ _
14-16' 387 15
" | CLAY;grayishblue T T T T 1300 i
BH-15-006 1137 h
_15-17
" | SANDY GRAVEL WITH SILT ; reddish brown; Sample submitted for | i
geotech analysis of foc and grain size BH-14-006@,
f 444 h
18-20
o _
20 Borehole terminated at 20 feet. 20
25— 25—
30 30




GEO FORM 304 PHILLY AOI-1 APRIL2015 TO JUNE2015.GPJ STANTEC ENVIRO TEMPLATE 010509.GDT 7/17/15

PROJECT: Philadelphia Refinery
LOCATION: AOI-1
PROJECT NUMBER:

DRILLING / INSTALLATION:
STARTED 5/15/15 COMPLETED: 5M18/15
DRILLING COMPANY: Total Quality

DRILLING EQUIPMENT: Jackhammer with spoon
DRILLING METHOD:

SAMPLING EQUIPMENT: Hand Auger to 8 feet

WELL / PROBEHOLE / BOREHOLE NO: 2
&>
BH'1 4'007 PAGE 1 OF 1 A\quaterra
NORTHING (ft): EASTING (ft):
LAT: LONG:

GROUND ELEV (ft):

INITIAL DTW (ft): Not Encountered ~ WELL DEPTH (ft): ===
STATIC DTW (ft): Not Encountered BOREHOLE DEPTH (ft): 16.0

WELL CASING DIA. (in): ===
LOGGEDBY: LM

TOC ELEV (ft):

BOREHOLE DIA. (in): 2
CHECKED BY: TD

oS Q n (0] 8 N = a— § —~
=% | < a - 5 3 5 claA o =5
28T |28 3 Description £ Time 1289 83222 58
Egg g_n 2 p & | Sample ID g&% @8 gag ge
T
SANDY SILT ; multicolored 1300
BH-14-007 11.0 h
_0-2
" | SANDY SILT; multicolored, micaceous | ’
BH-14-007@ |
2.4 929
" "| SANDY SILT WITH FINE TO MEDIUM GRAVEL ; fine-grained; | ’
multicolored BH-14-007@ 211.7| 5
4-6' :
| CLAY;darkgray T T T T T T T T T T ’
BH-14-007@ |
6-8' 269.1
" | GRAVELLY SAND WITH CLAY ; black with gray | ’
BH-14-007@ |
8-10' 363.1
" | SANDY CLAY; dark gray to light gray; fine to medium-grained | 107
BH-14-007@ |
10-12' 338.1
| CLAY;darkgray T T T T T T T T T ’
BH-14-007@ |
12-14' 360
" | CLAY; greenish gray and white ] 0700 ’
BH-14-007 4931 157
_14-16
Borehole terminated at 16 feet. )
20— 20—
25— 25—
30— 30




GEO FORM 304 PHILLY AOI-1 APRIL2015 TO JUNE2015.GPJ STANTEC ENVIRO TEMPLATE 010509.GDT 7/17/15

PROJECT: Philadelphia Refinery
LOCATION: AOI-1
PROJECT NUMBER:

WELL / PROBEHOLE / BOREHOLE NO: 2
&>

BH-14-008 race 1 oF 1 Aquaterra

DRILLING / INSTALLATION:
STARTED 5/20/15 COMPLETED:
DRILLING COMPANY: Total Quality
DRILLING EQUIPMENT: Jackhammer with spoon
DRILLING METHOD:

SAMPLING EQUIPMENT: Hand Auger to 8 feet

5/21/15

NORTHING (ft): EASTING (ft):
LAT: LONG:

GROUND ELEYV (ft): TOC ELEV (ft):

INITIAL DTW (ft): Not Encountered ~ WELL DEPTH (ft): ===

STATIC DTW (ft): Not Encountered BOREHOLE DEPTH (ft): 16.0
WELL CASING DIA. (in): === BOREHOLE DIA. (in): 2
LOGGED BY: LM CHECKED BY: TD

B = 2 ) [} B . § -
=2 = oy 1 5 24 B € Q. o So
ese |23 3 Description £ Time 1289 83222 58
Egg g_n 2 p 8 Sample ID g&% @8 5&5 g8
T
SANDY CLAY WITH SILT AND GRAVEL ; dark brown; bricks and timbers 0800
b BH-14-008 0.5 h
_0-2
" '| SANDY SILT WITH GRAVEL ; multicolored | ’
BH-14-008@) |
2.4 69.8
" '| SANDY SILT WITH CLAY ; dark brown with gray | ’
5 BH_M_O.OS@ 248.6 5
4-6
" | SILTYCLAY; brownish gray and black | ’
BH-14-008@) |
6-8' 153.7
T siT;brown T T T T T T T T T T ’
BH-14-008@) |
8-10' 163
10 T SITYCLAY brownandgray T 1230 107
BH-14-008 175 h
_10-12
~ | SILTYCLAY; brownandgray 7] ’
BH-14-008@) |
12-14' 306
" | CLAYEY SILT ; gray; Sample submitted for geotech analysis of focand | ’
grain size BH-14-008@) |
15 14-16' 81.6 15
Borehole terminated at 16 feet. )
20— 20—
25— 25—
30— 30




GEO FORM 304 PHILLY AOI-1 APRIL2015 TO JUNE2015.GPJ STANTEC ENVIRO TEMPLATE 010509.GDT 7/17/15

PROJECT: Philadelphia Refinery
LOCATION: AOI-1
PROJECT NUMBER:

DRILLING / INSTALLATION:
STARTED 5/20/15 COMPLETED:
DRILLING COMPANY: Total Quality
DRILLING EQUIPMENT: Jackhammer with spoon
DRILLING METHOD:

SAMPLING EQUIPMENT: Hand Auger to 8 feet

5/22/15

WELL / PROBEHOLE / BOREHOLE NO: =
>
BH'1 4'009 PAGE 1 OF 1 Aquatera)
NORTHING (ft): EASTING (ft):
LAT: LONG:

GROUND ELEV (ft):

INITIAL DTW (ft): Not Encountered
STATIC DTW (ft): Not Encountered
WELL CASING DIA. (in): ===
LOGGED BY: LM

TOC ELEV (ft):
WELL DEPTH (ft): ===
BOREHOLE DEPTH (ft): 16.0
BOREHOLE DIA. (in): 2
CHECKED BY: TD

B |2 %) Q£ . E 2o 2 E § a S=
es® 128 @ Description £ Time 1288 533322 58
Ege g_n 2 p & | Sample ID g&% @8 5&5 ge
T
SANDY CLAY WITH SILT ; multicolored, micaceous, glass, timbers, and 1200
bricks
b BH-14-009 0.9 h
_0-2
" | SILTY CLAY; orangeish brown; micaceous | ’
BH-14-009@) |
2.4 24.8
" | SILT; multicolored (silver, orange, brown, white), micaceous | ’
BH-14-009@) |
5 4-6' 25.7 5
BH-14-009@) |
6-8' 66.0
| siT;darkgray T T T T T T T ’
BH-14-009@) |
8-10' 783
" '| SANDY GRAVEL WITH SILT ; dark brown and black | 107
BH-14-009@) |
10-12' 691.3
" | GRAVELLY SAND WITH SILT ; reddish brown and gray; mediumto | ’
coarse-grained BH-14-009@) |
12-14' 745
" "| SANDY GRAVEL WITH SILT ; reddish brown; multicolored | 1330 ’
BH-14-009 880.1| 15—
o _14-16
Borehole terminated at 16 feet. )
20— 20—
25— 25—
30— 30




GEO FORM 304 PHILLY AOI-1 APRIL2015 TO JUNE2015.GPJ STANTEC ENVIRO TEMPLATE 010509.GDT 7/17/15

PROJECT: Philadelphia Refinery
LOCATION: AOI-1
PROJECT NUMBER:

DRILLING / INSTALLATION:
STARTED 5/19/15 COMPLETED: 5M19/15
DRILLING COMPANY: Total Quality

DRILLING EQUIPMENT: Jackhammer with spoon
DRILLING METHOD:

SAMPLING EQUIPMENT: Hand Auger to 8 feet

WELL / PROBEHOLE / BOREHOLE NO: =
>
BH'1 4'01 0 PAGE 1 OF 1 Aquatera)
NORTHING (ft): EASTING (ft):
LAT: LONG:

GROUND ELEYV (ft): TOC ELEV (ft):
INITIAL DTW (ft): Not Encountered ~ WELL DEPTH (ft): ===

STATIC DTW (ft): Not Encountered BOREHOLE DEPTH (ft): 16.0
WELL CASING DIA. (in): === BOREHOLE DIA. (in): 2
LOGGED BY: LM CHECKED BY: TD

B = 2 ) [} B . § -
=2 = oy 1 5 24 B € Q. o So
2898 128 3 Description S Time 1288 533322 58
Ege g_n 2 p & | Sample ID g&% @8 5&5 ge
T
SANDY CLAY WITH SILT AND GRAVEL ; brown and tan 0800
h BH-14-010 150.4 1
02
" | SANDY SILT; fine to medium-grained; multicolored, micaceous | i
| BH-14-010@) i
ot 597.4
" | SANDY GRAVEL WITH SILT ; black; fine to coarse-grained | i
_ BH-14-010@) _
5 a6 686 | 5
~ | SILTYCLAY; brownish grayand green | i
| BH-14-010@) i
6.8 549
~ | CLAY; moist; muiticolored (brown, tan, gray, green) | i
| BH-14-010@) i
810 458.3
10 ~ | CLAY WITH GRAVEL ; multicolored (white, brown, tan, gray) | 107
| BH-14-010@) i
10.12" 741.3
"~ | SANDYSILT; dark brown and gray; fine-graned | i
| BH-14-010@) i
12-14' 831
" | GRAVELLY SAND AND SILT ; reddish brown and gray; bricks | 1500 i
15 BH-14-010 907.1| 15—
_14-16
Borehole terminated at 16 feet. ’
20 20
25— 25
30 307




GEO FORM 304 PHILLY AOI-1 APRIL2015 TO JUNE2015.GPJ STANTEC ENVIRO TEMPLATE 010509.GDT 7/17/15

PROJECT: Philadelphia Refinery
LOCATION: AOI-1
PROJECT NUMBER:

DRILLING / INSTALLATION:
STARTED 5/6/115 COMPLETED: 5/8/15
DRILLING COMPANY: Total Quality

DRILLING EQUIPMENT: Jackhammer with spoon
DRILLING METHOD:

SAMPLING EQUIPMENT: Hand Auger to 8 feet

WELL / PROBEHOLE / BOREHOLE NO: =
>
BH'1 4'01 1 PAGE 1 OF 1 Aquatera)
NORTHING (ft): EASTING (ft):
LAT: LONG:

GROUND ELEYV (ft): TOC ELEV (ft):
INITIAL DTW (ft): Not Encountered ~ WELL DEPTH (ft): ===

STATIC DTW (ft): Not Encountered BOREHOLE DEPTH (ft): 16.0
WELL CASING DIA. (in): === BOREHOLE DIA. (in): 2
LOGGED BY: LM CHECKED BY: TD

oS Q n (0] 8 N = a— § —~
=% | < a - 5 3 5 claA o =5
2898 128 3 Description S Time 1288 533322 58
Egg g_n 2 p & | Sample ID g&% @8 5&5 ge
T
CLAY ; orange; cohesive 1400
b BH-14-011 501.7 h
_0-2
" "| SANDY SILT WITH MEDIUM TO COARSE GRAVEL ; black | ’
| BH-14-011@) |
2.4 529.1
" | SANDY SILT AND MEDIUM TO COARSE GRAVEL ; black; bricks and | ’
5] glass BH-14-011@ 590.7| 5
4-6
" "| SANDY SILT WITH FINE TO MEDIUM GRAVEL ; black; oily | ’
| BH-14-011@) |
6-8' 600.3
" | SANDY SILT; black; fine to medium-grained | ’
| BH-14-011@) |
8-10' 716
10 " | SANDY SILT ; black; fine to medium-grained; bricks and glass | 107
| BH-14-011@) |
10-12' 976.1
" | SANDY SILT; black; fine-grained; aily, imbers | ’
| BH-14-011@) |
12-14' 1216
" '| SANDY SILT WITH CLAY ; black and gray; timbers | 1200 ’
15— BH-14-011 3882 | 15—
_14-16
Borehole terminated at 16 feet. )
20— 20—
25— 25—
30— 30




GEO FORM 304 PHILLY AOI-1 APRIL2015 TO JUNE2015.GPJ STANTEC ENVIRO TEMPLATE 010509.GDT 7/17/15

PROJECT: Philadelphia Refinery
LOCATION: AOI-1
PROJECT NUMBER:

DRILLING / INSTALLATION:
STARTED 5/8/15 COMPLETED: 5M14/15
DRILLING COMPANY: Total Quality

DRILLING EQUIPMENT: Jackhammer with spoon
DRILLING METHOD:

SAMPLING EQUIPMENT: Hand Auger to 8 feet

WELL / PROBEHOLE / BOREHOLE NO: =
>
BH'1 4'01 2 PAGE 1 OF 1 Aquatera)
NORTHING (ft): EASTING (ft):
LAT: LONG:

GROUND ELEYV (ft): TOC ELEV (ft):
INITIAL DTW (ft): Not Encountered ~ WELL DEPTH (ft): ===

STATIC DTW (ft): Not Encountered BOREHOLE DEPTH (ft): 16.0
WELL CASING DIA. (in): === BOREHOLE DIA. (in): 2
LOGGED BY: LM CHECKED BY: TD

B = 2 ) [} B . § -
=< | < ot : S20 2E€|8~0 €5
2898 128 3 Description S Time 1288 533322 58
Ege g_n 2 p & | Sample ID g&% @8 5&5 ge
T
SILTY CLAY ; orange 1200
b BH-14-012 618.5 h
_0-2
" | SANDY GRAVEL WITH SILT ; tan; medium to coarse-grained; modified | ’
| BH-14-012@ |
2.4 60.9
| BH-14-012@ |
5 4-6' 40.7 5
" | SANDY CLAY WITH SILT AND GRAVEL ; black; oily sheen, LNAPL, tarry | ’
| BH-14-012@ |
6-8' 525.7
" 7| SILTY SAND WITH GRAVEL ; multi-colored, timbers | ’
| BH-14-012@ |
8-10' 787.6
10 — T ASAEL VA AV T TS S T ————— — —— 10
GRAVELLY CLAY ; black; oily, timbers
| BH-14-012@ |
10-12' 989.3
i BH-14-012@ |
12-14' 1107
1300
15— BH-14-012 1297 | 157
_14-16
Borehole terminated at 16 feet. )
20— 20—
25— 25—
30— 30




GEO FORM 304 PHILLY AOI-1 APRIL2015 TO JUNE2015.GPJ STANTEC ENVIRO TEMPLATE 010509.GDT 7/17/15

PROJECT: Philadelphia Refinery
LOCATION: AOI-1
PROJECT NUMBER:

DRILLING / INSTALLATION:
STARTED 51115 COMPLETED: 5M11/15
DRILLING COMPANY: Sweeney

DRILLING EQUIPMENT: Backhoe

WELL / PROBEHOLE / BOREHOLE NO: =
&>
BH'1 4'01 3 PAGE 1 OF 1 A\quaterra
NORTHING (ft): EASTING (ft):
LAT: LONG:
GROUND ELEV (ft): TOC ELEV (ft):

INITIAL DTW (ft): Not Encountered ~ WELL DEPTH (ft): ===
STATIC DTW (ft): Not Encountered BOREHOLE DEPTH (ft): 14.0

DRILLING METHOD: WELL CASING DIA. (in): === BOREHOLE DIA. (in): 24
SAMPLING EQUIPMENT: LOGGED BY: NS CHECKED BY: TD
I 8
Beo |24 9 o , Sl .28 o co
= = 2 S |a N =%
28 128 Q Description g Time 1288 533322 58
Egg g_n 2 p & | Sample ID g&% @8 5&5 ge
T
GRAVEL SOME FINE TO MEDIUM SAND ; black; fine to coarse-grained; 1400
| moist; subangular BH-15-013 174 |
_0-2
" | SOME FINE TO MEDIUM SAND ; biack; moist; bricks and debris | i
| BH-14-013@ |
2.4 169
1415
5 BH-15-013 238 5
_4-6
" | SOME FINE TO COARSE GRAVEL LITTLE FINE TO MEDIUM SAND ; | i
| tan and gray; moist; subangular; bricks, wood, and debris BH-14-013@ 293 |
6-8'
| BH-14-013@ |
8-10' 147
| BH-14-013@ |
10-12 901
1430
b BH-15-013 515 h
_12-14
" '| Borehole terminated at 14 feet. ] i




GEO FORM 304 PHILLY AOI-1 APRIL2015 TO JUNE2015.GPJ STANTEC ENVIRO TEMPLATE 010509.GDT 7/17/15

PROJECT: Philadelphia Refine : -
oot AOLT p ry WELL / PROBEHOLE / BOREHOLE NO: & @
PROJECT NUMBER: BH-1 4-01 7 PAGE 1 OF 1 Aquatsrra
DRILLING / INSTALLATION: NORTHING (ft): EASTING (ft):
STARTED  5/M2/15 comPLETED:  5/12/15 LAT: LONG:

DRILLING COMPANY: Sweeney GROUND ELEV (ft):

DRILLING EQUIPMENT: Backhoe

INITIAL DTW (ft): Not Encountered ~ WELL DEPTH (ft): ===
STATIC DTW (ft): Not Encountered BOREHOLE DEPTH (ft): 14.0

TOC ELEV (ft):

DRILLING METHOD: WELL CASING DIA. (in): === BOREHOLE DIA. (in): 24
SAMPLING EQUIPMENT: LOGGED BY: NS CHECKED BY: TD
- 3
Se |21 9 2 , ol =8 o co
= = 2 S |a N =%
28T |28 3 Description £ Time 1289 83222 58
Egg g_n 2 p 8 Sample ID g&% @8 5&5 g8
T
SAND SOME FINE TO MEDIUM GRAVEL ; grayish tan and black; fine to 0900
| medium-grained; moist; subangular BH-15-017 205 |
_0-2
" | LITTLEFINE TO MEDIUM SAND ; black; moist | ’
| BH-14-017@ |
2.4 229
" "| SANDY CLAY LITTLE FINE TO MEDIUM GRAVEL ; black; fineto | 1030 ’
5 medium-grained; moist to wet; subangular; bricks BH-15.017 618 5
_4-6
" "| SANDY CLAY SOME FINE TO MEDIUM GRAVEL LITTLE SILT ; black; | i
| fine to medium-grained; moist to wet; subangular; bricks and debris BH-14-017@ 292 |
6-8'
i BH-14-017@ |
8-10' 146
10— 10
| BH-14-017@ |
10-12 9.7
1100
b BH-15-017 94.9 h
_12-14
Borehole terminated at 14 feet. )
15— 15—
20— 20—
25— 25—
30— 30




GEO FORM 304 PHILLY AOI-1 LOGS NOV2014 THROUGH MAR2015.GPJ STANTEC ENVIRO TEMPLATE 010509.GDT 4/17/15

PROJECT: Philadelphia Refinery
LOCATION: AOI-1

WELL / PROBEHOLE / BOREHOLE NO:

BH'14'018 PAGE 1 OF 1

>
Aquaterra

PROJECT NUMBER:
DRILLING / INSTALLATION: NORTHING (ft): EASTING (ft):
STARTED 11/26/14 COMPLETED: 12/12/14 LAT: LONG:

DRILLING COMPANY: Parratt Wolff GROUND ELEV (it):

DRILLING EQUIPMENT: Auger Rig

DRILLING METHOD: HSA WELL CASING DIA. (in): ===

INITIAL DTW (ft): Not Encountered
STATIC DTW (ft): Not Encountered

TOC ELEV (ft):
WELL DEPTH (ft): ===
BOREHOLE DEPTH (ft): 16.0

BOREHOLE DIA. (in):

SAMPLING EQUIPMENT: Split Spoon LOGGED BY: LM/SS CHECKED BY:
- 3
Se |21 9 2 , ol =8 o co
03B [§£9] O o a Time |58% S |202 3%
ES k) gg @ Description § Sample ID §§g o8 ga 588
= T
SANDY CLAY WITH SILT ; light brown; Utility clearing completed via 1400
| backhoe to a depth of 10 ft bgs. BH-14-018 6.7 i
_0-2
~ 7] SILTY CLAY; black and brown T T T 7] )
| BH-14-018@ |
o4 14.8
~ 7| CLAY; gray and black; Cohesive. T 7] )
5 BH-121_-(§)I18@ 48.3 5
~ 7| CLAY; Fill (concrete, rebar, steel) T 7] )
| BH-14-018@ 86 |
6-8'
T CLAYWITHGRAVEL ~ ~ ~ ~ ~ ~ T T T T T T T T )
BH-14-018@ |
8-10" 121.3
1075505~ ~ 7~ SAND AND GRAVEL : biack and whits; fine (o coarse-grained; moistio | 0ous 10 10
_ogoj 3 wet; Black, white, red, and green in color. BH-14-018 | 05 18 367 |
Joreses 10-12 ]‘5‘
5]~ | SAND AND GRAVEL ; red and brown; fine to medium-grained; moist; | 10 )
Fare Gravel (red, white, and green) BH'14'01,8@ 0.8 18 | 207 T
S5 12-14 14
-?“Z:Z: 15 i
RN BH-14-018 12
15—enemre 14-018@ g7 | 12 | 216 | 15—
14-16 12
°0°o 9 i
Borehole terminated at 16 feet.
20— 20
25— 25—
30— 30




GEO FORM 304 PHILLY AOI-1 LOGS NOV2014 THROUGH MAR2015.GPJ STANTEC ENVIRO TEMPLATE 010509.GDT 4/17/15

PROJECT: Philadelphia Refinery

LOCATION: AOI-1
PROJECT NUMBER:

WELL / PROBEHOLE / BOREHOLE NO:

BH'14'019 PAGE 1 OF 1

DRILLING / INSTALLATION:

STARTED

DRILLING COMPANY: Parratt Wolff
DRILLING EQUIPMENT: Auger Rig
DRILLING METHOD: HSA

SAMPLING EQUIPMENT: Split Spoon

NORTHING (ft):

11/26/14 COMPLETED: 12/12/14 LAT:

GROUND ELEV (ft):

LOGGED BY: LM/SS

EASTING (ft):
LONG:
TOC ELEV (ft):

INITIAL DTW (ft): Not Encountered ~ WELL DEPTH (ft): ===
STATIC DTW (ft): Not Encountered
WELL CASING DIA. (in): ===

BOREHOLE DIA. (in):
CHECKED BY:

BOREHOLE DEPTH (ft): 16.0

oS Q n (0] 8 N = a— § —~
=% | < a - 5 3 5 claA o =5
2898 128 3 Description S Time 1288 533322 58
Ege g_n 2 p & | Sample ID g&% @8 gag ge
T
SANDY CLAY WITH SILT AND GRAVEL ; dark brown; Utility clearing 0800
completed vis backhoe to a depth of 8 ft bgs. BH-14-019 33 i
_0-2
" | CLAY;lightorangeish brown ~— T T T T T T T ’
BH-14-019@ |
o' 15.2
" | CLAY;darkblueish gray T T T 7] ’
BH-14-019@ |
5 16 241| 5
"] CLAY;darktantobrown T T T T T T ’
BH-14-019@ |
6.8 53.7
o5~ 7| SAND AND GRAVEL ; black and white; medium-grained; Black, white, | 15 i
OO red, and green in color. BH-14-019@ 18 _
2k g0 | 05| 22 | 202
1055 — 1~ N GRAVEL G gy miaeind ~ """ """ 1120 15 101
N SAND AND GRAVEL . ; dark gray; medum-grained ____ _ _ _ ___ BH-14-019 6 | 234
SILTY CLAY ; black and gray; moist 10-12 1,2 8 |
BH-14-019@ ]‘1’ 15
o>~ 7| SAND AND GRAVEL ; black and green; angular; Black, green, andred in | 11-12 12 ’
_.,g.,: o] color. BH-14-019@ 05 11 103 ]
R 12-14' Y
552~ | SAND AND GRAVEL ; red and white; dry; Red, white, green, and gray in | ;? ’
15—o0e[% color. BH-14-019Q 15 | Y5 | 117 | 15
L 14-16 b
Borehole terminated at 16 feet. 20 )
20— 20—
25— 25—
30— 30—




PROJECT: Philadelphia Refinery WELL / PROBEHOLE / BOREHOLE NO:
LOCATION: AOI-1

PROJECT NUMBER: BH-14-020 race 1 oF +
DRILLING / INSTALLATION: NORTHING (ft): EASTING (ft):
STARTED 11/25/14 COMPLETED: 12/12/14 LAT: LONG:

GROUND ELEYV (ft): TOC ELEV (ft):
INITIAL DTW (ft): Not Encountered ~ WELL DEPTH (ft): ===
STATIC DTW (ft): Not Encountered BOREHOLE DEPTH (ft): 16.0

DRILLING COMPANY: Parratt Wolff
DRILLING EQUIPMENT: Auger Rig

GEO FORM 304 PHILLY AOI-1 LOGS NOV2014 THROUGH MAR2015.GPJ STANTEC ENVIRO TEMPLATE 010509.GDT 4/17/15

DRILLING METHOD: HSA WELL CASING DIA. (in): === BOREHOLE DIA. (in):
SAMPLING EQUIPMENT: Split Spoon LOGGED BY: LM/SS CHECKED BY:
K] 3
Beo |25 @ 2 , ol =8 o co
= = 2 S |a N =%
@3B (69 O Description g Tme 1289 285|292 59
E8E S~ fa P g | Sample D g8 @S §1§_ 3L
= T
CLAY WITH SILT ; dark gray to tan; loose; Utility clearing completed via 1400
backhoe to a depth of 8 ft bgs. BH-14-020 88 i
02
~ 7| CLAY; orangeish brown with tan T 7] )
BH-14-020@ 14.1 ]
2-4' :
" 7| CLAY AND SAND ; orangeish brown with tan; fine-grained | )
5 BH-121_—(§)I20@ 38.1 5—
" 7| SANDY CLAY WITH SILT AND GRAVEL ; gray to black; medium-grained | 1
BH-14-020@ 56.7 ]
6-8' )
0%~ | SAND AND COARSE GRAVEL ; red and white; mediumto | 7 ]
_ogoj 3 coarse-grained; moist; Red, white, and green in color BH-14-020@) 0.8 16 45 |
O 8-10' ©l 18
10—?”"3333 ]g 10—
Jori D BH-14-020@ , | 14 | s |
RN 1012 12
_of.,: 22 i
22.,:.,: 1035 18
—oTo00%0 _14- . 22 154 E
. BH-14-020 | 0.7
P _12-14 24
oo 25 :
RS BH-14-020@ 13
15— 1416 | 13| 16 | 97 | 15
oz 19
Borehole terminated at 16 feet. 18 1
20— 20
25— 25—
30— 30




GEO FORM 304 PHILLY AOI-1 LOGS NOV2014 THROUGH MAR2015.GPJ STANTEC ENVIRO TEMPLATE 010509.GDT 4/17/15

PROJECT: Philadelphia Refinery
LOCATION: AOI-1

WELL / PROBEHOLE / BOREHOLE NO:

PROJECT NUMBER: BH-14-021 race 1 oF +
DRILLING / INSTALLATION: NORTHING (ft): EASTING (ft):
STARTED 11/25/14 COMPLETED: 12/12/14 LAT: LONG:

DRILLING COMPANY: Parratt Wolff GROUND ELEV (it):

DRILLING EQUIPMENT: Auger Rig
DRILLING METHOD: HSA
SAMPLING EQUIPMENT: Split Spoon

WELL CASING DIA. (in): ===
LOGGED BY: LM/SS

INITIAL DTW (ft): Not Encountered
STATIC DTW (ft): Not Encountered

TOC ELEV (ft):

WELL DEPTH (ft): ===
BOREHOLE DEPTH (ft): 16.0

BOREHOLE DIA. (in):

CHECKED BY:

3 o 2 n @ e 2o 2 E § a1 <
=% | < - A 5 35 Clano =<
28T |28 3 Description £ Time 1289 83222 58
Egg g_n 2 p 8 Sample ID g&% @8 gag g8
T
SANDY CLAY ; orangeish brown; Utility clearing completed via backhoe to 0800
a depth of 8 ft bgs. BH-14-021 16.8 .
_0-2
T CLAY;black T T T T T T T T T T T T T ’
BH-14-021@ |
2.4 45.8
T CLAY; gy T T T T T T T T T T T T T T T T T ’
BH-14-021@ _
4-6' 83.2 5
~ | CLAY;blueishgray T T T T T T T T T ’
BH-14-021@ |
6-8' 298.7
" 7| SITY SAND ; gray and black; moist ] 0900 3 ’
BH-14-021 | 1 | .0 | 340 1
_8-10 15
" | SAND AND COARSE GRAVEL ; red and brown; moist | 6 107
BH-14-021@ 8 |
10-12' 0.3 30 292
- ] 30 i
SAND AND FINE GRAVEL ; red and gray; fine to coarse-grained; 12
rounded; Red, gray, brown, green, and white in color BH-14-021@) 1 17 | 335 |
12-14' 21
22 R
BH-14-021@ 50/1 _
1416 | 08 | 501 | 309 19
Borehole terminated at 16 feet. )
20 20
25— 25—
30— 30—




GEO FORM 304 PHILLY AOI-1 APRIL2015 TO JUNE2015.GPJ STANTEC ENVIRO TEMPLATE 010509.GDT 7/17/15

PROJECT: Philadelphia Refinery
LOCATION: AOI-1
PROJECT NUMBER:

DRILLING / INSTALLATION:
STARTED 51215 COMPLETED: 5M12/15
DRILLING COMPANY: Aquaterra

DRILLING EQUIPMENT:

DRILLING METHOD:

SAMPLING EQUIPMENT: Hand Auger

WELL / PROBEHOLE / BOREHOLE NO: E
&>
BH'1 4'022 PAGE 1 OF 1 A\quaterra
NORTHING (ft): EASTING (ft):
LAT: LONG:
GROUND ELEYV (ft): TOC ELEV (ft):

INITIAL DTW (ft): Not Encountered ~ WELL DEPTH (ft): ===
STATIC DTW (ft): Not Encountered  BOREHOLE DEPTH (ft): 2.0
WELL CASING DIA. (in): === BOREHOLE DIA. (in): 2
LOGGED BY: NS CHECKED BY: TD

- 3
28 O o = Time |Z8%9 25322 3%
Description IS @ O ks a2
Egg a p 8 Sample ID g&% @8 g&\% g8
T
SANDY GRAVEL SOME CLAY ; dark brown; fine to medium-grained; dry 1445
to moist; subrounded BH-15-022 06 |
_0-2
Borehole terminated at 2 feet. )
5 5
10— 10
15— 15—
20— 20—
25— 25—
30— 30




GEO FORM 304 PHILLY AOI-1 APRIL2015 TO JUNE2015.GPJ STANTEC ENVIRO TEMPLATE 010509.GDT 7/17/15

PROJECT: Philadelphia Refinery
LOCATION: AOI-1
PROJECT NUMBER:

DRILLING / INSTALLATION:
STARTED 51215 COMPLETED: 5M12/15
DRILLING COMPANY: Aquaterra

DRILLING EQUIPMENT:

WELL / PROBEHOLE / BOREHOLE NO: E
BH'1 4'023 PAGE 1 OF 1 A\quaterra
NORTHING (ft): EASTING (ft):
LAT: LONG:
GROUND ELEYV (ft): TOC ELEV (ft):

INITIAL DTW (ft): Not Encountered ~ WELL DEPTH (ft): ===
STATIC DTW (ft): Not Encountered  BOREHOLE DEPTH (ft): 2.0

DRILLING METHOD: WELL CASING DIA. (in): === BOREHOLE DIA. (in): 2
SAMPLING EQUIPMENT: Hand Auger LOGGED BY: NS CHECKED BY: TD
I 8
%~ g N 2 . JC 2|8 _ G-
°8% (59 Q Descrip g | _Tme 128% 55302 F%
(9] escription € oo J O = 3
Egb g_n f 8 Sample ID g&t o8 E&E gL
T
SILTY CLAY LITTLE FINE TO MEDIUM SAND AND FINE TO MEDIUM 1500
GRAVEL ; yellowish brown; dry to moist; subangular BH-15-023 14 |
_0-2
Borehole terminated at 2 feet. )
5 5—




GEO FORM 304 PHILLY AOI-1 LOGS NOV2014 THROUGH MAR2015.GPJ STANTEC ENVIRO TEMPLATE 010509.GDT 4/17/15

PROJECT: Philadelphia Refinery WELL / PROBEHOLE / BOREHOLE NO:
LOCATION: AOI-1

PROJECT NUMBER: BH-14-024 race 1 oF -
DRILLING / INSTALLATION: NORTHING (ft): EASTING (ft):
STARTED  2/24/15 COMPLETED: 2/24/15 LAT: LONG:

GROUND ELEYV (ft): TOC ELEV (ft):
INITIAL DTW (ft): Not Encountered ~ WELL DEPTH (ft): ===
STATIC DTW (ft): Not Encountered  BOREHOLE DEPTH (ft): 4.0

DRILLING COMPANY: Sweeney
DRILLING EQUIPMENT: Backhoe

DRILLING METHOD: WELL CASING DIA. (in): === BOREHOLE DIA. (in):
SAMPLING EQUIPMENT: Backhoe LOGGED BY: LM CHECKED BY:
o8 o) B g
£~ n = . o > 2 (@ = o~
28yg Q inti 3 Tme |38% 25|20 5%
Description IS e o N =
E8E fa P g | Sample D g8 @S §1§_ 3L
= T
SANDY GRAVEL ; dark gray and black; fine to medium-grained; Utility 0900
clearing completed via backhoe to a depth of 4 ft bgs. BH-14-024 297.3 i
_0-2
" | GRAVELLY CLAY ; black; Boring terminated due to damaged fire line at | ’
edge of cleared location. BH-14-024@) 894 5 i
2-4' :
CA / Safety ceased work in this work location )
5 Borehole terminated at 4 feet. 57
10— 10
15— 15
20 20
25— 25—
30— 30—




GEO FORM 304 PHILLY AOI-1 APRIL2015 TO JUNE2015.GPJ STANTEC ENVIRO TEMPLATE 010509.GDT 7/17/15

PROJECT: Philadelphia Refinery

R AL WELL / PROBEHOLE / BOREHOLE NO: & @
PROJECT NUMBER: BH-14-025 race 1 oF + Aquaterra
DRILLING / INSTALLATION: NORTHING (ft): EASTING (ft):
STARTED  4/28/15 COMPLETED: 6/2/15 LAT: LONG:

DRILLING COMPANY: Total Quality
DRILLING EQUIPMENT: HSA

DRILLING METHOD:

GROUND ELEV (ft):

INITIAL DTW (ft): Not Encountered
STATIC DTW (ft): Not Encountered
WELL CASING DIA. (in): ===

TOC ELEV (ft):

WELL DEPTH (ft): ===
BOREHOLE DEPTH (ft): 16.0
BOREHOLE DIA. (in): 2

SAMPLING EQUIPMENT: Hand Auger/Split Spoon LOGGED BY: LM CHECKED BY: TD
- 3
B o~ g 2 Q£ X o5 s |8 o €=
08B |69 O Descriofi = Time |38% 25(202 &%
(9] escription € oo J O = 3
Egb g_n f 8 Sample ID g&t o8 EQE ge
T
SANDY CLAY ; dark gray 1200
BH-14-025 487 h
_0-2
" | CLAY; grayishtanandbrown T T T T 7] ’
BH-14-025@) |
2.4 522.7
" | CLAYWITHFINE GRAVEL ; grayish tan and brown | ’
BH-14-025@) |
4-6' 386.7 5
" | CLAY WITHFINE GRAVEL ; brownish gray and black; angular | ’
BH-14-025@) |
6-8' 383.7
" "| SANDY CLAY WITH SILT AND FINE GRAVEL ; dark red and grayish tan; | ’
coarse-grained BH-14-025@ 394.7 i
8-10' :
" "| SANDY SILT WITH FINE GRAVEL ; dark red and brown; fineto | BH-14-025@ 399 109
_ _| coarse-grgined 10-11' |
SANDY CLAY WITH SILT AND FINE GRAVEL ; dark gray; rounded; BH-14-025@) 4413
— | multicolored gravel (beige, tan, and white) — n-12 ' .
SAND WITH GRAVEL ; red to reddish brown; fine to coarse-grained
BH-14-025@) 501.7 |
12-14' :
" | SAND ; dark brown; medium to coarse-grained; multicolored | 1400 ’
BH-14-025 964.1| 15—
_14-16
Borehole terminated at 16 feet. )
20— 20—
25— 25—
30— 30




PROJECT: Philadelphia Refinery WELL / PROBEHOLE / BOREHOLE NO:
LOCATION: AOI-1

PROJECT NUMBER: BH-14-026 race 1 oF -
DRILLING / INSTALLATION: NORTHING (ft): EASTING (ft):
STARTED  2/24/15 COMPLETED: 3/3/15 LAT: LONG:

GROUND ELEYV (ft): TOC ELEV (ft):
INITIAL DTW (ft): Not Encountered ~ WELL DEPTH (ft): ===
STATIC DTW (ft): Not Encountered BOREHOLE DEPTH (ft): 16.0

DRILLING COMPANY: Parratt Wolff
DRILLING EQUIPMENT: Auger Rig

GEO FORM 304 PHILLY AOI-1 LOGS NOV2014 THROUGH MAR2015.GPJ STANTEC ENVIRO TEMPLATE 010509.GDT 4/17/15

DRILLING METHOD: HSA WELL CASING DIA. (in): === BOREHOLE DIA. (in):
SAMPLING EQUIPMENT: Split Spoon LOGGED BY: LM/SS CHECKED BY:
k) 3
Se |21 9 2 , Ol =8 c_
= = 2 S |a N =%
@3B (69 O Description g Tme 1289 285|292 59
Egg g_n 2 p 8 Sample ID g&% @8 gag g8
T
SILTY GRAVEL WITH SAND AND CLAY ; black; Utility clearing 1400
| completed via backhoe to a depth of 8 ft bgs. BH-14-026 642.7 i
_0-2
| SANDY GRAVEL WITH SILT AND CLAY ; black with dark gray | )
BH-14-026@ 738.1 i
2-4' :
| CLAY;dark gray T T T T T T T )
BH-14-026@ |
46 887.1| 5
| CLAY; dark gray and black T T 7] )
BH-14-026@ i
6.8' 1024.7
| SAND AND CLAY ; gray and brown; fine-grained; moist | )
BH-14-026@ i
8-10' 1.7 192
10
BH-14-026@ i
10-12" 2 262
| SANDY CLAY LITTLE FINE GRAVEL ; gray; fine-grained; moist; rounded | )
BH-14-026@ i
1214 2 307
1530
BH-14-026 | 2 462 | 15—
_14-16
Borehole terminated at 16 feet. ]
20— 20—
25— 25—
30— 30—




GEO FORM 304 PHILLY AOI-1 APRIL2015 TO JUNE2015.GPJ STANTEC ENVIRO TEMPLATE 010509.GDT 7/17/15

PROJECT: Philadelphia Refinery
LOCATION: AOI-1
PROJECT NUMBER:

DRILLING / INSTALLATION:
STARTED 5/4/15  COMPLETED: 5/4/15
DRILLING COMPANY: Aquaterra

DRILLING EQUIPMENT:

WELL / PROBEHOLE / BOREHOLE NO: E
&>
BH'1 4'028 PAGE 1 OF 1 A\quaterra
NORTHING (ft): EASTING (ft):
LAT: LONG:
GROUND ELEYV (ft): TOC ELEV (ft):

INITIAL DTW (ft): Not Encountered ~ WELL DEPTH (ft): ===
STATIC DTW (ft): Not Encountered  BOREHOLE DEPTH (ft): 2.0

DRILLING METHOD: WELL CASING DIA. (in): === BOREHOLE DIA. (in): 2
SAMPLING EQUIPMENT: Hand Auger LOGGED BY: LM CHECKED BY: TD
I 3
Beo |2 9 o , el .28 4co
= = 2 S |a N =%
28T |28 3 Description £ Time 128% 583|292 58
Ege g_n 2 p & | Sample ID g&% @8 g&\% ge
T
GRAVELLY SILT ; light tan 1200
BH-14-028 17.8 1
02
Borehole terminated at 2 feet. )
5 5—




GEO FORM 304 PHILLY AOI-1 APRIL2015 TO JUNE2015.GPJ STANTEC ENVIRO TEMPLATE 010509.GDT 7/17/15

PROJECT: Philadelphia Refinery
LOCATION: AOI-1
PROJECT NUMBER:

DRILLING / INSTALLATION:
STARTED 5/4/15  COMPLETED: 5/4/15
DRILLING COMPANY: Aquaterra

DRILLING EQUIPMENT:

WELL / PROBEHOLE / BOREHOLE NO: E
&>
BH'1 4'029 PAGE 1 OF 1 A\quaterra
NORTHING (ft): EASTING (ft):
LAT: LONG:
GROUND ELEYV (ft): TOC ELEV (ft):

INITIAL DTW (ft): Not Encountered ~ WELL DEPTH (ft): ===
STATIC DTW (ft): Not Encountered  BOREHOLE DEPTH (ft): 2.0

DRILLING METHOD: WELL CASING DIA. (in): === BOREHOLE DIA. (in): 2
SAMPLING EQUIPMENT: Hand Auger LOGGED BY: LM CHECKED BY: TD
I 3
Beo |2 9 o , el .28 4co
= = 2 S |a N =%
28 128 Q Description g Time 1288 533322 58
Ege g_n 2 p & | Sample ID g&% @8 g&\% ge
T
GRAVELLY SILT ; light tan 1300
BH-14-029 18.6 1
02
Borehole terminated at 2 feet. )
5 5—




GEO FORM 304 PHILLY AOI-1 APRIL2015 TO JUNE2015.GPJ STANTEC ENVIRO TEMPLATE 010509.GDT 7/17/15

PROJECT: Philadelphia Refinery

R AL WELL / PROBEHOLE / BOREHOLE NO: &>
PROJECT NUMBER: BH-14-030 race 1 oF + LI
DRILLING / INSTALLATION: NORTHING (ft): EASTING (ft):
STARTED  5/4/115 cOMPLETED:  5/4/15 LAT: LONG:

DRILLING COMPANY: Aquaterra
DRILLING EQUIPMENT:

DRILLING METHOD:

SAMPLING EQUIPMENT: Hand Auger

GROUND ELEV (ft):

INITIAL DTW (ft): Not Encountered
STATIC DTW (ft): Not Encountered
WELL CASING DIA. (in): ===
LOGGED BY: LM

TOC ELEV (ft):
WELL DEPTH (ft): ===
BOREHOLE DEPTH (ft): 2.0
BOREHOLE DIA. (in): 2
CHECKED BY: TD

oS Q n (0] 8 N = a— § —~
=% | < - A 5 35 Clano =<
289 2 Q ot Time |3987% 02 5%
Egg §-3 % Description § Sample ID §§§ n%é §&§ §g
= T
GRAVELLY SILT ; dark brown 1400
BH-14-030 24.8 h
_0-2
Borehole terminated at 2 feet. )
5 5
10— 10
15— 15—
20— 20—
25— 25—
30— 30




GEO FORM 304 PHILLY AOI-1 APRIL2015 TO JUNE2015.GPJ STANTEC ENVIRO TEMPLATE 010509.GDT 7/17/15

PROJECT: Philadelphia Refinery
LOCATION: AOI-1
PROJECT NUMBER:

DRILLING / INSTALLATION:
STARTED 5/4/15  COMPLETED: 5/4/15
DRILLING COMPANY: Aquaterra

DRILLING EQUIPMENT:

WELL / PROBEHOLE / BOREHOLE NO: E
&>
BH'1 4'031 PAGE 1 OF 1 A\quaterra
NORTHING (ft): EASTING (ft):
LAT: LONG:
GROUND ELEYV (ft): TOC ELEV (ft):

INITIAL DTW (ft): Not Encountered ~ WELL DEPTH (ft): ===
STATIC DTW (ft): Not Encountered  BOREHOLE DEPTH (ft): 2.0

DRILLING METHOD: WELL CASING DIA. (in): === BOREHOLE DIA. (in): 2
SAMPLING EQUIPMENT: Hand Auger LOGGED BY: LM CHECKED BY: TD
I 3
Beo |2 9 o , el .28 4co
= = 2 S |a N =%
28T |28 3 Description £ Time 128% 583|292 58
Egg g_n 2 p 8 Sample ID g&% @8 g&\% ge
T
GRAVELLY SILT ; dark tan and orange 1100
BH-14-031 38.6 1
02
Borehole terminated at 2 feet. )
5 5—




GEO FORM 304 PHILLY AOI-1 APRIL2015 TO JUNE2015.GPJ STANTEC ENVIRO TEMPLATE 010509.GDT 7/17/15

PROJECT: Philadelphia Refinery
LOCATION: AOI-1
PROJECT NUMBER:

DRILLING / INSTALLATION:
STARTED 51215 COMPLETED: 5M12/15
DRILLING COMPANY: Aquaterra

DRILLING EQUIPMENT:

WELL / PROBEHOLE / BOREHOLE NO: E
BH'1 4'032 PAGE 1 OF 1 A\quaterra
NORTHING (ft): EASTING (ft):
LAT: LONG:
GROUND ELEYV (ft): TOC ELEV (ft):

INITIAL DTW (ft): Not Encountered ~ WELL DEPTH (ft): ===
STATIC DTW (ft): Not Encountered  BOREHOLE DEPTH (ft): 2.0

DRILLING METHOD: WELL CASING DIA. (in): === BOREHOLE DIA. (in): 2
SAMPLING EQUIPMENT: Hand Auger LOGGED BY: LM CHECKED BY: TD
I 3
Beo |2 9 o , el .28 4co
= = 2 S |a N =%
28 128 Q Description g Time 1288 533322 58
Ege g_n 2 p & | Sample ID g&% @8 EQE ge
T
SANDY CLAY WITH SILT AND GRAVEL ; brown and tan 0800
BH-14-032 8.3 1
02
Borehole terminated at 2 feet. )
5 5—




GEO FORM 304 PHILLY AOI-1 APRIL2015 TO JUNE2015.GPJ STANTEC ENVIRO TEMPLATE 010509.GDT 7/17/15

PROJECT: Philadelphia Refinery
LOCATION: AOI-1
PROJECT NUMBER:

DRILLING / INSTALLATION:
STARTED 51215 COMPLETED: 5M12/15
DRILLING COMPANY: Aquaterra

DRILLING EQUIPMENT:

DRILLING METHOD:

SAMPLING EQUIPMENT: Hand Auger

WELL / PROBEHOLE / BOREHOLE NO: E
&>
BH'1 4'033 PAGE 1 OF 1 A\quaterra
NORTHING (ft): EASTING (ft):
LAT: LONG:
GROUND ELEYV (ft): TOC ELEV (ft):

INITIAL DTW (ft): Not Encountered ~ WELL DEPTH (ft): ===
STATIC DTW (ft): Not Encountered  BOREHOLE DEPTH (ft): 4.0
WELL CASING DIA. (in): === BOREHOLE DIA. (in): 2
LOGGED BY: LM CHECKED BY: TD

- 3
28yg Q inti 3 Tme |38% 25|20 5%
Description € n O o 0=
EZS a p & | Sample ID g&% @8 gag ge
T
SANDY GRAVEL WITH SILT ; brown and tan 0900
BH-14-033 0.5 h
_0-2
1430
BH-14-033 5.7 h
24
Borehole terminated at 4 feet. )
5 5
10— 10
15— 15—
20— 20—
25— 25—
30— 30




GEO FORM 304 PHILLY AOI-1 APRIL2015 TO JUNE2015.GPJ STANTEC ENVIRO TEMPLATE 010509.GDT 7/17/15

PROJECT: Philadelphia Refinery
LOCATION: AOI-1
PROJECT NUMBER:

DRILLING / INSTALLATION:
STARTED 51215 COMPLETED: 5M12/15
DRILLING COMPANY: Aquaterra

DRILLING EQUIPMENT:

WELL / PROBEHOLE / BOREHOLE NO: E
&>
BH'1 4'034 PAGE 1 OF 1 A\quaterra
NORTHING (ft): EASTING (ft):
LAT: LONG:
GROUND ELEYV (ft): TOC ELEV (ft):

INITIAL DTW (ft): Not Encountered ~ WELL DEPTH (ft): ===
STATIC DTW (ft): Not Encountered  BOREHOLE DEPTH (ft): 4.0

DRILLING METHOD: WELL CASING DIA. (in): === BOREHOLE DIA. (in): 2
SAMPLING EQUIPMENT: Hand Auger LOGGED BY: LM CHECKED BY: TD
- 3
Se |21 9 2 , ol =8 o co
= = 2 S |a N =%
@3B (69 O Description g Tme 1289 285|292 59
Egg g_n 2 p 8 Sample ID g&% @8 gag g8
T
SANDY CLAY WITH SILT AND FINE GRAVEL ; dark brown 0830
] BH-14-034 4.8 b
_0-2
" | SANDY SILT ; multicolored, bricks, shells, glass, and debris | 1400 ’
8 BH-14-034 6.8 8
24
Borehole terminated at 4 feet. )
5 5
10— 10—
15— 15—
20— 20
25— 25—
30— 30




GEO FORM 304 PHILLY AOI-1 APRIL2015 TO JUNE2015.GPJ STANTEC ENVIRO TEMPLATE 010509.GDT 7/17/15

PROJECT: Philadelphia Refinery
LOCATION: AOI-1
PROJECT NUMBER:

DRILLING / INSTALLATION:
STARTED 5/14/15 COMPLETED: 5M15/15
DRILLING COMPANY: Total Quality

DRILLING EQUIPMENT: Jackhammer with spoon

WELL / PROBEHOLE / BOREHOLE NO: 2
&>
BH'1 4'035 PAGE 1 OF 1 A\quaterra
NORTHING (ft): EASTING (ft):
LAT: LONG:
GROUND ELEYV (ft): TOC ELEV (ft):

INITIAL DTW (ft): Not Encountered ~ WELL DEPTH (ft): ===
STATIC DTW (ft): Not Encountered BOREHOLE DEPTH (ft): 16.0

DRILLING METHOD: WELL CASING DIA. (in): === BOREHOLE DIA. (in): 2
SAMPLING EQUIPMENT: Hand Auger to 8 feet LOGGED BY: LM CHECKED BY: TD
o8 o) B g
c n = X S > A = |8 N o~
es Q ioti 3 Time |28% 25 |302 53
Eg % Description § Sample ID §§§ 58 E'l»g— 8%
= T
SANDY GRAVEL WITH SILT ; tan and brown 0800
BH-14-035 557.6 8
_0-2
" | SANDYCLAYWITHSILT ; brownandgray | ’
BH-1£1_—235@ 285.3 ]
~ | SILTYCLAY; brown; moist T T T 7] ’
BH-121_-g35@ 424 5
| siT;brownandgray T T T T T T ’
BH-1g_—§35@ 186 ]
~ | SILTYCLAY; darkgray T T T T T T ’
BH-14.035@ w57 -
— s 10
CLAY ; white and tan
BH-14-035@ ]
10-12 781
" | CLAYEY SILT ; white and tan; multicolored | 1000 ’
BH-14-035 246 8
_12-14
1200
BH-14-035 163.2| 15—
_14-16
Borehole terminated at 16 feet. )
20— 20
25— 25—
30— 30




GEO FORM 304 PHILLY AOI-1 APRIL2015 TO JUNE2015.GPJ STANTEC ENVIRO TEMPLATE 010509.GDT 7/17/15

PROJECT: Philadelphia Refinery
LOCATION: AOI-1
PROJECT NUMBER:

DRILLING / INSTALLATION:
STARTED 5/13/15 COMPLETED:
DRILLING COMPANY: Total Quality
DRILLING EQUIPMENT: Jackhammer with spoon
DRILLING METHOD:

5/14/15

SAMPLING EQUIPMENT: Hand Auger to 8 feet

WELL / PROBEHOLE / BOREHOLE NO: 2
&>
BH'1 4'036 PAGE 1 OF 1 A\quaterra
NORTHING (ft): EASTING (ft):
LAT: LONG:

GROUND ELEV (ft):

INITIAL DTW (ft): Not Encountered
STATIC DTW (ft): Not Encountered
WELL CASING DIA. (in): ===
LOGGED BY: LM

TOC ELEV (ft):
WELL DEPTH (ft): ===
BOREHOLE DEPTH (ft): 16.0
BOREHOLE DIA. (in): 2
CHECKED BY: TD

oS Q n (0] 8 N = a— § —~
=% | < - A 5 35 Clano =<
ea8 123 3 Description 3 Time 1288 533322 58
Egg g_n 2 p & | Sample ID g&% @8 gag ge
T
SANDY CLAY WITH SILT ; dark gray 0900
BH-14-036 337.6 h
_0-2
" '| SANDY GRAVEL WITH SILT ; dark gray and black | ’
BH-14-036@ |
2.4 170.2
BH-14-036@ |
4-6' 183.6 5
" | SANDYCLAYWITHSILT ; dark gray ] 1400 ’
BH-14-036 246.8 h
_6-8
" | CLAYEYSILT; grayish brown T T 7] ’
BH-14-036@ |
8-10' 87.3
" | CLAYEYSILT ; brown toorange 7] 107
BH-14-036@ |
10-12' 47.5
" | CLAY;whiteish orange and gray ] ’
BH-14-036@ |
12-14' 100.1
BH-14-036@ |
14-16' 46.7 15
Borehole terminated at 16 feet. )
20— 20—
25— 25—
30— 30




GEO FORM 304 PHILLY AOI-1 APRIL2015 TO JUNE2015.GPJ STANTEC ENVIRO TEMPLATE 010509.GDT 7/17/15

PROJECT: Philadelphia Refinery
LOCATION: AOI-1
PROJECT NUMBER:

DRILLING / INSTALLATION:
STARTED 5M1/15  COMPLETED: 5/5/15
DRILLING COMPANY: Sweeney

DRILLING EQUIPMENT: Backhoe

WELL / PROBEHOLE / BOREHOLE NO: 2
&>
BH'1 4'038 PAGE 1 OF 1 A\quaterra
NORTHING (ft): EASTING (ft):
LAT: LONG:
GROUND ELEV (ft): TOC ELEV (ft):

INITIAL DTW (ft): Not Encountered ~ WELL DEPTH (ft): ===
STATIC DTW (ft): Not Encountered BOREHOLE DEPTH (ft): 16.0

DRILLING METHOD: WELL CASING DIA. (in): === BOREHOLE DIA. (in): 2
SAMPLING EQUIPMENT: LOGGED BY: LM CHECKED BY: TD
I 3
Beo |2 9 o , SO O | PN R
= = 2 S |a N =%
28T |28 3 Description £ Time 1289 83222 58
Egg g_n 2 p 8 Sample ID g&% @8 5&5 g8
T
SANDY GRAVEL WITH SILT ; light brown to dark brown 0800
h BH-14-038 89.0 T
02
" | SANDY CLAY WITH SILT ; dark gray and brown; timbers | ’
| BH-14-038@ |
o 283.1
" | SANDY SILT ; dark brown and green ] ’
5 BH_14_0.38@ 3971 5
4-6
" 7| SILTY CLAY; dark olive green and gray; wet | BH-14-038@ 364.7 ’
I 6-7' ’ i
CLAY ; dark gray BH-14-038@ 2681
7-8' : i
BH-14-038@ |
810 841.3
10 T ELAY: Gk grayandbrown T T 10
BH-14-038@ |
10.12° 858.3
e W | SANDY GRAVEL WITH SILT ; dark tannish brown and reddish brown | ’
" 0800
'L:.' BH-14-038 8741 T
e | _12-13 |
e SANDY GRAVEL WITH SILT ; reddish brown
L ; 0900
15— ‘. BH-14-038 750.7| 15—
@« 13-15
Y - ]
Borehole terminated at 16 feet.
20— 20—
25— 25—
30— 30—




GEO FORM 304 PHILLY AOI-1 LOGS NOV2014 THROUGH MAR2015.GPJ STANTEC ENVIRO TEMPLATE 010509.GDT 4/17/15

PROJECT: Philadelphia Refinery

LOCATION: AOI-1

WELL / PROBEHOLE / BOREHOLE NO:

BH'1 4'039 PAGE 1 OF 1

PROJECT NUMBER:
DRILLING / INSTALLATION: NORTHING (ft): EASTING (ft):
STARTED  2/17/15 COMPLETED: 2/17/15 LAT: LONG:

DRILLING COMPANY: Parratt Wolff
DRILLING EQUIPMENT: Auger Rig
DRILLING METHOD: HSA

SAMPLING EQUIPMENT: Split Spoon

GROUND ELEV (ft):

WELL CASING DIA. (in): ===
LOGGED BY: LM/TD

TOC ELEV (ft):

INITIAL DTW (ft): Not Encountered ~ WELL DEPTH (ft): ===
STATIC DTW (ft): Not Encountered

BOREHOLE DIA. (in):
CHECKED BY:

BOREHOLE DEPTH (ft): 15.0

I 8
28yg Q inti 3 Tme |38% 25|20 5%
O Description IS @O g 8 85 S o}
Egb 2 8 Sample ID g&t oS EQE g8
T
CLAY WITH GRAVEL AND SILT ; dark gray and black; hydrocarbon 1400
staining; angular; Utility clearing completed via backhoe to a depth of 8 ft BH-14-039 410.7 i
bgs. Black staining. 0-2 ’
" | CLAY WITH FINE GRAVEL AND SILT ; dark gray and black; fine-grained | ’
BH-14-039@ 373 |
2-4' :
" 7| CLAY; dark gray; Cohesive. T T T 7] ’
BH-14-039@ _
5 4.6 48.1 5
BH-14-039@ |
6-8' 156.1
~ TVSANDY CLAY; darkbrowniwet _ /] 1530 |
SAND WITH SILT ; black; fine to coarse-grained; wet BH-14-039 | 1.2 582.5 -
_8-10
10 ~ 7| SAND AND FINE TO COARSE GRAVEL ; reddish brow; fineto | 1079
coarse-grained; moist; (Trenton). BH-14-039@| 4 08.8 _
10-12' : :
BH-14-039@ |
12-14' 1 74.4
BH-14-039@ ]
15 14-15' 0.5 48.4 15
Borehole terminated at 15 feet.
20 20
25— 25—
30— 30—




GEO FORM 304 PHILLY AOI-1 LOGS NOV2014 THROUGH MAR2015.GPJ STANTEC ENVIRO TEMPLATE 010509.GDT 4/17/15

PROJECT: Philadelphia Refinery
LOCATION: AOI-1

WELL / PROBEHOLE / BOREHOLE NO:

PROJECT NUMBER: BH-14-040 race 1 oF -
DRILLING / INSTALLATION: NORTHING (ft): EASTING (ft):
STARTED  2/16/15 COMPLETED: 2/17/15 LAT: LONG:

DRILLING COMPANY: Parratt Wolff GROUND ELEV (it):

DRILLING EQUIPMENT: Auger Rig

TOC ELEV (ft):

INITIAL DTW (ft): Not Encountered ~ WELL DEPTH (ft): ===
STATIC DTW (ft): Not Encountered  BOREHOLE DEPTH (ft): 15.0

DRILLING METHOD: HSA WELL CASING DIA. (in): === BOREHOLE DIA. (in):
SAMPLING EQUIPMENT: Split Spoon LOGGED BY: LM/TD CHECKED BY:
o8 o) B g
£~ n = X o > = |8 N o~
28yg Q inti 3 Tme |38% 25|20 5%
Description IS @ O ks a2
E8E fa P g | Sample D g8 @S §1§_ 3L
= T
SANDY CLAY WITH SILT AND FINE GRAVEL ; orangeish brown and 1100
dark gray; fine-grained; rounded; Utility clearing completed via backhoe to a BH-14-040 0.8 i
depth of 8 ft bgs. 0-2 ’
" | SANDY GRAVEL WITHSILT ; dark brown | ’
BH-14-040@ 16 i
24 :
" | GRAVELLYCLAY;darkgray 77 ’
5 BH‘E‘_‘@“O@ 226.7| 5
" | CLAY;darkgrayandtan T T T T T T ’
BH-1g_—§40@ 3487 |
" "| SAND AND FINE TO COARSE GRAVEL ; reddish brown; fineto | ’
coarse-grained; wet; (Trenton). Poorly sorted. BH-14-040@| 18.8 _
8-10' ’
10 ~ 7| SAND AND GRAVEL ; reddish brown; fine fo Goarse-graned; wet to moist: | 1077
(Trenton). Fewer and finer gravel than previous sample. BH-14-040@| 268.3 _
10-12' ’
BrITO0e 3713
1320 B
BH-14-040 | 0.7 473.6
15 Borehole terminated at 15 feet. _14-15 157
20— 20—
25— 25—
30— 30—




GEO FORM 304 PHILLY AOI-1 LOGS NOV2014 THROUGH MAR2015.GPJ STANTEC ENVIRO TEMPLATE 010509.GDT 4/17/15

PROJECT: Philadelphia Refinery

LOCATION: AOI-1

WELL / PROBEHOLE / BOREHOLE NO:

BH'1 4'041 PAGE 1 OF 1

PROJECT NUMBER:
DRILLING / INSTALLATION: NORTHING (ft): EASTING (ft):
STARTED  2/16/15 COMPLETED: 2/17/15 LAT: LONG:

DRILLING COMPANY: Parratt Wolff
DRILLING EQUIPMENT: Auger Rig
DRILLING METHOD: HSA

SAMPLING EQUIPMENT: Split Spoon

GROUND ELEV (ft):

WELL CASING DIA. (in): ===
LOGGED BY: LM/TD

TOC ELEV (ft):

INITIAL DTW (ft): Not Encountered ~ WELL DEPTH (ft): ===
STATIC DTW (ft): Not Encountered

BOREHOLE DIA. (in):
CHECKED BY:

BOREHOLE DEPTH (ft): 15.0

I 3
A O - a Time |338% 35(322 5%
E 8 e % Description § Sample ID § é R 8 § o § 8 L
T
SANDY CLAY WITH SILT ; dark brown to tan; Utility clearing completed 0900
via backhoe to a depth of 8 ft bgs. BH-14-041 0.8 i
02
" 7| SILTY CLAY ; dark gray with brown; Dark gray with brown streaks in color. | ’
BH-14-041@ 18 i
24 :
" | CLAY; dark gray with brown; Dark gray with brown streaks in color. | ’
BH-14-041@ |
5 a6 28| 5
" | CLAY; dark gray with brown; moist; Dark gray with brown streaks in color. | ’
BH-14-041@ 30.1 i
6-8' ’
B3 [ GRAVEL WITH MEDIUM TO COARSE SAND ; gray and red; moist, | ’
i ".'6“ Multi-colored quartzite gravel. (Trenton). BH-14-041@ _
o L 07 83.2
GOB(‘ 8-10
10715, 51~ ~ T~ SAND SOWIE FINE TO MEDIUM GRAVEL ; reddish brown: fine o | 1054 107
_og{g coarse-grained; Poorly sorted, heterogeneous. BH-14-041 | 1.1 195.5 _
DR 1012
1o BH-14-041@ 4 5 152.6 -
.,;.,; 12-14 : '
eso
Precers BH-14-041@ T
2 a1 o 07 1318 |
Borehole terminated at 15 feet.
20— 20—
25— 25—
30— 30—




GEO FORM 304 PHILLY AOI-1 APRIL2015 TO JUNE2015.GPJ STANTEC ENVIRO TEMPLATE 010509.GDT 7/17/15

PROJECT: Philadelphia Refinery
LOCATION: AOI-1
PROJECT NUMBER:

WELL / PROBEHOLE / BOREHOLE NO: @@
BH'1 4'042 PAGE 1 OF 1 o

DRILLING / INSTALLATION:

STARTED 5/7115  COMPLETED:

DRILLING COMPANY: Sweeney
DRILLING EQUIPMENT: Backhoe
DRILLING METHOD:

SAMPLING EQUIPMENT:

5/7115

NORTHING (ft):
LAT: LONG:
GROUND ELEYV (ft):
INITIAL DTW (ft): Not Encountered ~ WELL DEPTH (ft): ===

STATIC DTW (ft): Not Encountered BOREHOLE DEPTH (ft): 14.0
WELL CASING DIA. (in): ===
LOGGED BY: NS

EASTING (ft):

TOC ELEV (ft):

BOREHOLE DIA. (in): 24
CHECKED BY: TD

- 3
Y S e | Tme (58% 535|208 £3
Egb @ & | Sample D g&t o8 EQE &
T
SILTY CLAY TRACE FINE TO MEDIUM GRAVEL ; black and gray; moist; 1300
subangular BH-15-042 87.5 .
_0-2
" 7| SILTY CLAY; black and gray; moist ] ’
BH-14-042@) |
2.4 124
" | SILTY CLAY TRACE FINE TO MEDIUM SAND ; gray and brown; moistto | ’
5 dry BH-14-042@) 62.1 5
4-6' :
" 7| SILTY SAND LITTLE MEDIUM TO COARSE GRAVEL ; gray and dark | 1400 ’
brown; fine-grained; moist; subrounded; slightly micaceous BH-15-042 437 |
_6-8
" | SAND LITTLE FINE GRAVEL ; gray; fine to medium-grained; moist to wet; | ’
subrounded BH-14-042@) 420 |
8-10'
10 " | SAND LITTLE SILT TRACE FINE TO MEDIUM GRAVEL ; gray; fineto | 109
medium-grained; wet; subrounded; water seepage at 11 feet bgs. BH-14-042@ 379 |
10-12'
" | CLAYLITTLE SILT LITTLE FINE GRAVEL ; orangeish brown; moist; | ’
subrounded BH-14-042@) 26 |
12-14' :
Borehole terminated at 14 feet. )
15— 15—
20— 20—
25— 25—
30— 30




GEO FORM 304 PHILLY AOI-1 APRIL2015 TO JUNE2015.GPJ STANTEC ENVIRO TEMPLATE 010509.GDT 7/17/15

PROJECT: Philadelphia Refinery

R AL WELL / PROBEHOLE / BOREHOLE NO: &>
PROJECT NUMBER: BH-14-043 eace 1 oF + LI
DRILLING / INSTALLATION: NORTHING (ft): EASTING (ft):
STARTED  5/8/15 coMmPLETED:  5/8/15 LAT: LONG:

DRILLING COMPANY: Sweeney GROUND ELEV (ft):

DRILLING EQUIPMENT: Backhoe

INITIAL DTW (ft): Not Encountered
STATIC DTW (ft): Not Encountered

TOC ELEV (ft):

WELL DEPTH (ft): ===
BOREHOLE DEPTH (ft): 14.0

DRILLING METHOD: WELL CASING DIA. (in): === BOREHOLE DIA. (in): 24
SAMPLING EQUIPMENT: LOGGED BY: NS CHECKED BY: TD
I 8
Beo |24 9 o , el .28 4co
= = 2 S |a N =%
289 |28 Q Description £ Tme 1239 53(22< 29
Egg g_n 2 p & | Sample ID g&% @8 gag ge
T
GRAVELLY SILT LITTLE FINE TO MEDIUM SAND TRACE CLAY ; brown 0930
and orangeish brown; fine to medium-grained; moist; subangular BH-15.043 18.6 |
_0-2
" 7| SILTY CLAY TRACE FINE TO MEDIUM GRAVEL ; gray; moist, | i
subangular BH-14-043@ 353 i
2-4' :
BH-14-043@ _
4-6' 116.9 5
" | CLAY LITTLE FINE TO MEDIUM SAND TRACE FINE TO MEDIUM | 1130 i
GRAVEL ; gray and black; moist; subangular BH-15.043 198 |
_6-8
" 7| SILTY SAND LITTLE FINE GRAVEL ; dark gray; fine to medium-grained; | i
moist to wet; subrounded BH-14-043@) 159 |
8-10'
" | CLAYLITTLE SILT LITTLE FINE GRAVEL ; dark brown; moist, | 107
subrounded BH-14-043@) 259 |
10-12' :
" | CLAY LITTLE SILT ; orangeish brown and grayish brown; moist; mottled | i
BH-14-043@ |
12-14' 18.3
Borehole terminated at 14 feet. )
15 15
20 20
25— 25—
30 30




GEO FORM 304 PHILLY AOI-1 LOGS NOV2014 THROUGH MAR2015.GPJ STANTEC ENVIRO TEMPLATE 010509.GDT 4/17/15

PROJECT: Philadelphia Refinery

LOCATION: AOI-1

WELL / PROBEHOLE / BOREHOLE NO:

BH'1 4'044 PAGE 1 OF 1

PROJECT NUMBER:
DRILLING / INSTALLATION: NORTHING (ft): EASTING (ft):
STARTED  2/17/15 COMPLETED: 2/17/15 LAT: LONG:

DRILLING COMPANY: Parratt Wolff
DRILLING EQUIPMENT: Auger Rig
DRILLING METHOD: HSA

GROUND ELEV (ft):

TOC ELEV (ft):

INITIAL DTW (ft): Not Encountered ~ WELL DEPTH (ft): ===
STATIC DTW (ft): Not Encountered  BOREHOLE DEPTH (ft): 15.0
WELL CASING DIA. (in): ===

BOREHOLE DIA. (in):

SAMPLING EQUIPMENT: Split Spoon LOGGED BY: LM/TD CHECKED BY:
- 3
Beo |25 @ 2 , ol =8 o co
= = 2 S |a N =%
28 128 Q Description g Time 238 533|022 58
Egg g_n 2 p 8 Sample ID g&% @8 gag g8
T
SILTY CLAY ; orange to brown; Utility clearing completed via backhoe to a 1230
_0-2
7| CLAY;orangeand gray T T T T )
BH-14-044@ i
2.4 48.4
~ 7| CLAY; Very cohesive. T T T T T T T T )
BH-14-044@ |
4-6' 10.6 5
" 7| GRAVELLY CLAY WITH SILT SOME SAND ; gray to black | )
BH-14-044@ 117.9 i
6-8' :
" 7] SILTY SAND ; gray; fine-grained; soft; moist; mottled | BH-14-044@ 176 )
JE 8-9' : |
SANDY CLAY WITH SILT ; light gray and orange; fine-grained; very stiff; BH-14-044@ 2 3.7
— - moist; mottled i 9-10' ’ 10
SAND AND COARSE GRAVEL SOME CLAY BH-14-044@ |
) 0.5 20.6
10-12
" 7| SAND AND FINE GRAVEL ; orangeish brown; fine to coarse-grained; | 1425 )
moist BH-14-044 2 528.6 1
_12-14
BH-14-044@ ]
14-15' 1 353.1 15
Borehole terminated at 15 feet.
20— 20—
25— 25—
30— 30




GEO FORM 304 PHILLY AOI-1 APRIL2015 TO JUNE2015.GPJ STANTEC ENVIRO TEMPLATE 010509.GDT 7/17/15

PROJECT: Philadelphia Refinery
LOCATION: AOI-1
PROJECT NUMBER:

WELL / PROBEHOLE / BOREHOLE NO:

BH'1 4'045 PAGE 1 OF 1

Aquaterra
Technologies, Inc.

DRILLING / INSTALLATION:
STARTED 4/29/15 COMPLETED:
DRILLING COMPANY: Total Quality
DRILLING EQUIPMENT: Jackhammer with spoon
DRILLING METHOD:

SAMPLING EQUIPMENT: Hand Auger to 8 feet

5/1/15

NORTHING (ft): EASTING (ft):
LAT: LONG:
GROUND ELEYV (ft): TOC ELEV (ft):
INITIAL DTW (ft): Not Encountered
STATIC DTW (ft): Not Encountered
WELL CASING DIA. (in): ===

LOGGEDBY: LM CHECKED BY: TD

WELL DEPTH (ft): ===
BOREHOLE DEPTH (ft): 16.0
BOREHOLE DIA. (in): 2

oS Q n (0] g N = a— § —~
=% | < a - 5 3 5 claA o =5
28T |28 3 Description £ Time 1289 83222 58
Egg g_n 2 p 8 Sample ID g&% @8 EQE g8
T
SANDY CLAY WITH GRAVEL ; dark orange 1400
BH-14-045 0.8 h
_0-2
" | GRAVELLY CLAY; dark gray and light gray | ’
BH-14-045@ |
2.4 395
" | SANDYCLAYWITHSILT ; dark gray ] ’
BH-14-045@ |
4-6' 433.9 5
" '| SANDYCLAYWITH SILT ; dark gray; moist | ’
BH-14-045@ |
6-8' 530.5
" "| SANDY CLAY WITH SILT ; reddish orange and dark gray | 1200 ’
BH-14-045 916.1 h
_8-10
" "| SANDY CLAYWITH SILT ; orangeish brown and dark gray | 107
BH-14-045@ |
10-12' 514
BH-14-045@ |
12-14' 509
BH-14-045@ |
14-16' 496 15
Borehole terminated at 16 feet. )
20— 20—
25— 25—
30— 30




GEO FORM 304 PHILLY AOI-1 LOGS NOV2014 THROUGH MAR2015.GPJ STANTEC ENVIRO TEMPLATE 010509.GDT 4/17/15

PROJECT: Philadelphia Refinery
LOCATION: AOI-1

WELL / PROBEHOLE / BOREHOLE NO:

BH'1 4'046 PAGE 1 OF 1

>
Aquaterra

PROJECT NUMBER:
DRILLING / INSTALLATION: NORTHING (ft): EASTING (ft):
STARTED  2/18/15 COMPLETED: 2/18/15 LAT: LONG:

DRILLING COMPANY: Parratt Wolff GROUND ELEV (it):

DRILLING EQUIPMENT: Auger Rig

DRILLING METHOD: HSA WELL CASING DIA. (in): ===

INITIAL DTW (ft): Not Encountered
STATIC DTW (ft): Not Encountered

TOC ELEV (ft):
WELL DEPTH (ft): ===
BOREHOLE DEPTH (ft): 16.0

BOREHOLE DIA. (in):

SAMPLING EQUIPMENT: Split Spoon LOGGED BY: LM/SS CHECKED BY:
I 3
Beo |25 @ o , SO O | PN R
28T |59 O - a Time |338% 35(322 5%
E o) g S @ Description § sample ID |§ é 2 3 8 ‘a 588
= T
SANDY CLAY WITH SILT AND GRAVEL ; orangeish brown; Utility 0900
clearing completed via backhoe to a depth of 8 ft bgs. BH-14-046 0.7 i
02
" | SILTWITH CLAY black with gray 7] ’
BH-14-046@ ]
o 420.7
" "| SANDYSILT WITH FINE GRAVEL ; brown; rounded | ’
5 BH-121_-(§)I46@ 307 5—
~ | Nodescripton. T T T T T T T T T T T T ’
] BH-14-046@ ]
6.8 284.1
oo~ | SILTY SAND AND GRAVEL ; red and brown; dry; Gray and white mixed | ’
Lo gravel. BH-14-046@ 419 1
8-10'
el | _
10 RN SAND AND GRAVEL ; red and white; medium to coarse-grained; wet; 10
_ogoj X Red, white and gray mixed gravel. BH-14-046@ 2 753 1
Set 10-12'
el | i
RN SAND AND GRAVEL ; red and white; medium to coarse-grained; wet;
_ogoj X Red, white, green, and gray mixed gravel. Visible LNAPL. BH-14-046@ , 1001 _
0k 12-14'
oo )
Z;.,@Z 1320
157990000 BH-14-046 | 0.7 1017 | 15—
S _14-16
Borehole terminated at 16 feet. )
20— 20
25— 25—
30— 30




GEO FORM 304 PHILLY AOI-1 LOGS NOV2014 THROUGH MAR2015.GPJ STANTEC ENVIRO TEMPLATE 010509.GDT 4/17/15

PROJECT: Philadelphia Refinery

LOCATION: AOI-1

WELL / PROBEHOLE / BOREHOLE NO:

BH'1 4'047 PAGE 1 OF 1

PROJECT NUMBER:
DRILLING / INSTALLATION: NORTHING (ft): EASTING (ft):
STARTED 11/21/14 COMPLETED: 2/18/15 LAT: LONG:

DRILLING COMPANY: Parratt Wolff
DRILLING EQUIPMENT: Auger Rig
DRILLING METHOD: HSA

SAMPLING EQUIPMENT: Split Spoon

GROUND ELEV (ft):

TOC ELEV (ft):

INITIAL DTW (ft): Not Encountered ~ WELL DEPTH (ft): ===
STATIC DTW (ft): Not Encountered
WELL CASING DIA. (in): ===
LOGGED BY: LM/SS

BOREHOLE DIA. (in):
CHECKED BY:

BOREHOLE DEPTH (ft): 16.0

° 3
28yg Q inti 3 Tme |58% 225|202 8%
EQL 2 Description § | sample D § 82 2 8 § a§ 2L
[ (%)) < 1 S
T
GRAVELLY CLAY ; reddish brown; Utility clearing completed via backhoe 0900
to a depth of 8 ft bgs. BH-14-047 60.6 i
02
7| GRAVELLY CLAYWITH SILT ; black 7] )
BH-14-047@ ]
o 178.3
7| CLAY WITH SILT AND SAND ; gray; Silty sand white, black, and brownin~ | )
5 color. BH-14-047@ 285.4| 5
4-6
7| CLAY; gray to reddish brown T T T T T 7] )
BH-14-047@ i
6.8 388.5
" 7| SAND WITH GRAVEL ; brown; medium-grained; moist; rounded | )
BH-14-047@ ]
810 2 390
10 ~ " SAND AND COARSE GRAVEL : red and brown: dry; Red, brown, and | 107
white in color. Mixed sand and gravel. BH-14-047@ , 797 _
10-12'
" | SAND AND GRAVEL ; red and brown; moist; rounded; Red, brown, and | 1000 )
white mixed sand. Green, red, and white mixed gravel. BH-14-047 2 991 ]
_12-14
" | SAND AND FINE GRAVEL ; red and green; medium to coarse-grained; | ’
15_1 .@ wet; rounded; Red, green, brown, white, and gray in color. BH-1121_-1037@ 0.7 929 15—
Borehole terminated at 16 feet. 1
20— 20
25— 25—
30— 30




GEO FORM 304 PHILLY AOI-1 LOGS NOV2014 THROUGH MAR2015.GPJ STANTEC ENVIRO TEMPLATE 010509.GDT 4/17/15

PROJECT: Philadelphia Refinery

WELL / PROBEHOLE / BOREHOLE NO:

LOCATION: AOI-1 p=2y
PROJECT NUMBER: BH-14-048 race 1 oF ¢

DRILLING / INSTALLATION: NORTHING (ft): EASTING (ft):

STARTED  11/24/14 compLETED:  12/12/14 LAT: LONG:

DRILLING COMPANY: Parratt Wolff GROUND ELEV (it):

DRILLING EQUIPMENT: Auger Rig

DRILLING METHOD: HSA WELL CASING DIA. (in): ===

INITIAL DTW (ft): Not Encountered
STATIC DTW (ft): Not Encountered

TOC ELEV (ft):

WELL DEPTH (ft): ===
BOREHOLE DEPTH (ft): 16.0

BOREHOLE DIA. (in):

SAMPLING EQUIPMENT: Split Spoon LOGGED BY: LM/SS CHECKED BY:
I 3
%~ g N 2 . o5 2|8 _ G-
083 |59 O Descripti = Time |Z8%9 25322 3%
O escription IS o9 g 2 c o}
Egb g_n f 8 Sample ID g&t o8 E&E ge
T
GRAVEL WITH SAND AND SILT ; white and tannish brown; 0830
— 1. medium-grained; Utility clearing completed via backhoe to a depth of 8 ft bgs. | BH-14-048 30.0 i
N\Gravel(ballest) _ ____ N 02 '
—CLAY;brownandgray _ ___ _ __ ______________ Vs - 7
SANDY SILT WITH CLAY ; black and dark gray BH-14-048@
b o4 45.2 R
" | GRAVEL ; medium-grained; Gravel (ballasty | ’
5 BH-14-048@ 67.3 5
4-6' )
" '| SANDYCLAYWITH SILT ; coarse-grained | ’
BH-14-048@ i
6-8' 193.8
" | SANDY CLAY; gray and brown; fine-grained; moist | 2 ’
BH-14-048@ 3 i
8-10" 1.7 4 30
- __ ] 7 -
10 SAND LITTLE CLAY ; gray and brown; fine-grained; moist 3 10
BH-14-048@ 08 4 15 i
10-12' : 8
- __ ] 12 i
SILTY CLAY LITTLE FINE SAND ; gray and brown; fine-grained; moist 6
BH-14-048@ i
' 1.5 10 8
12-14 15
I 18 B
SILTY SAND AND FINE GRAVEL ; gray and brown; fine-grained; moist; 1220 12
rounded; Gravel (gray, white, and red) BH-14-048 | 1 15 | 124 | 15
_14-16 20
Borehole terminated at 16 feet. 19 )
20— 20
25— 25—
30— 30




GEO FORM 304 PHILLY AOI-1 LOGS NOV2014 THROUGH MAR2015.GPJ STANTEC ENVIRO TEMPLATE 010509.GDT 4/17/15

PROJECT: Philadelphia Refinery

LOCATION: AOI-1

WELL / PROBEHOLE / BOREHOLE NO:

BH'1 4'049 PAGE 1 OF 1

PROJECT NUMBER:
DRILLING / INSTALLATION: NORTHING (ft): EASTING (ft):
STARTED 11/24/14 COMPLETED: 2/18/15 LAT: LONG:

DRILLING COMPANY: Parratt Wolff
DRILLING EQUIPMENT: Auger Rig
DRILLING METHOD: HSA

GROUND ELEV (ft):

TOC ELEV (ft):

INITIAL DTW (ft): Not Encountered ~ WELL DEPTH (ft): ===
STATIC DTW (ft): Not Encountered
WELL CASING DIA. (in): ===

BOREHOLE DIA. (in):

BOREHOLE DEPTH (ft): 16.0

SAMPLING EQUIPMENT: Split Spoon LOGGED BY: LM//SS CHECKED BY:
- 3
Se |21 9 2 , ol =8 o co
= = 2 S |a N =%
28 128 Q Description g Time 238 533|022 58
Egg g_n 2 p & | Sample ID g&% @8 gag ge
T
CLAY WITH SILT ; brown with dark gray; Utility clearing completed via 1400
backhoe to a depth of 8 ft bgs. BH-14-049 552 i
_0-2
" 7| CLAY;orangeish brownandtan T 7] )
BH-14-049@ 78.1 |
2-4' :
" 7| CLAY; blueish gray; Cohesive. T T T 7] )
BH-14-049@ |
4.6 143.1 5
| CLAY WITH GRAVEL ; biueish gray ] )
BH-14-049@ |
6-8' 253
| SILT WITH SAND AND COARSE GRAVEL ; brown; dry; rounded; Gravel | )
red, green, white in color. BH-14-049@) 0.7 0.9 |
8-10' : :
| SAND WITH SAND AND COARSE GRAVEL ; gray and dark gray; dryto | 107
moist; rounded BH-14-049@ 2 100.4 1
10-12' :
BH-14-049@ |
12-14" 2 386
"| SAND AND GRAVEL TRACE SILT ; brown and gray; fineto | 0845 ’
coarse-grained BH-14-049 | 1 462 | 15
_14-16
Borehole terminated at 16 feet. 1
20— 20
25— 25—
30— 30




GEO FORM 304 2015-NOV_PHL_AOI1_BORING INSTALLATIONS.GPJ STANTEC ENVIRO TEMPLATE 010509.GDT 1/28/16

PROJECT: 2015-11_PHL_AOI1_Boring Installations
LOCATION: PHL AOI1
PROJECT NUMBER:

DRILLING / INSTALLATION:
STARTED 11/24/15 COMPLETED: 11/24/15
DRILLING COMPANY: Sweeney

DRILLING EQUIPMENT: Backhoe

WELL / PROBEHOLE / BOREHOLE NO: 2
&>
BH'1 5'001 PAGE 1 OF 1 A\quaterra
NORTHING (ft): EASTING (ft):
LAT: LONG:
GROUND ELEV (ft): TOC ELEV (ft):

INITIAL DTW (ft): Not Encountered ~ WELL DEPTH (ft): ===
STATIC DTW (ft): Not Encountered  BOREHOLE DEPTH (ft): 15.0

DRILLING METHOD: Backhoe WELL CASING DIA. (in): === BOREHOLE DIA. (in): 12
SAMPLING EQUIPMENT: Hand Auger LOGGED BY: NS CHECKED BY: TD
- 3
Beo |25 @ 2 , SO O | PN R
= = 2 S |a N =%
@3B (69 O Description g Tme 1289 285|292 59
Egg g_n 2 p 8 Sample ID g&% @8 5&5 g8
T
SANDY SILT LITTLE GRAVEL ; black; fine to coarse-grained; moist;
subangular; Fill (glass, bricks, debris)
| BH-15-001@ |
0-2' 1.0
" | SILTY CLAY LITTLE GRAVEL ; brownish gray; fine-grained; moist; | ’
subangular; Fill (bricks)
| BH-15-001@ |
2.4 1.6
" 7| SILTY CLAY SOME SAND ; brownish gray; fine to medium-grained; moist | ’
BH-15-001@ |
5 4.6 1.7 5
BH-15-001@ |
6-8' 0.6
" | SILTY CLAY LITTLE SAND LITTLE GRAVEL ; brownish gray; fineto | ’
medium-grained; moist; subrounded
BH-15-001@ |
8-10' 10
"~ | SILTY SAND TRACE GRAVEL ; grayish brown; fine to medium-grained; | 10
moist to wet; subrounded; Wet at 13 feet bgs
BH-15-001@ |
10-12' 6.5
BH-15-001@) |
12-14' 0.8
1300
BH-15-001 1.0
_14-15
Borehole terminated at 15 feet. 157




GEO FORM 304 2015-NOV_PHL_AOI1_BORING INSTALLATIONS.GPJ STANTEC ENVIRO TEMPLATE 010509.GDT 1/28/16

PROJECT: 2015-11_PHL_AOI1_Boring Installations
LOCATION: PHL AOI1
PROJECT NUMBER:

WELL / PROBEHOLE / BOREHOLE NO:

BH'1 5'002 PAGE 1 OF 1

Aquaterra
Technologies, Inc.

DRILLING / INSTALLATION:
STARTED 11/24/15 COMPLETED: 11/24/15
DRILLING COMPANY: Sweeney

DRILLING EQUIPMENT: Backhoe

DRILLING METHOD: Backhoe

NORTHING (ft): EASTING (ft):
LAT: LONG:
GROUND ELEYV (ft): TOC ELEV (ft):

INITIAL DTW (ft): Not Encountered ~ WELL DEPTH (ft): ===

STATIC DTW (ft): Not Encountered BOREHOLE DEPTH (ft): 16.0
BOREHOLE DIA. (in): 12

WELL CASING DIA. (in): ===

SAMPLING EQUIPMENT: Hand Auger LOGGED BY: NS CHECKED BY: TD
I 8
= g N 2 . JC 2|8 _ G-
08% |59 Q Descripti g | Time |28% 35(30£ 1%
(9] escription € oo J O = 3
Egb g_n f 8 Sample ID g&t o8 EQE gL
T
SANDY SILT SOME GRAVEL LITTLE CLAY ; black; fine to
medium-grained; moist; subangular; Fill (glass, wood, bricks, debris)
1415
h BH-15-002 176.4 h
_0-2
| BH-15-002@ |
2.4 2151
5— BH-15-002@ 2726| 5
4-6
~ | SILTYCLAY  light gray; moist, Fill -~~~ ] i
| BH-15-002@ |
6-8' 113.9
~ | SANDYCLAY; gray; moisttowet | i
BH-15-002@ |
8-10' 518.0
10 10
BH-15-002@ |
10-12' 1197
BH-15-002@ |
12-14' 1037
1430
15 BH-15-002 1199 | 15—
_14-16

Borehole terminated at 16 feet.



GEO FORM 304 2015-NOV_PHL_AOI1_BORING INSTALLATIONS.GPJ STANTEC ENVIRO TEMPLATE 010509.GDT 1/28/16

PROJECT: 2015-11_PHL_AOI1_Boring Installations
LOCATION: PHL AOI1
PROJECT NUMBER:

DRILLING / INSTALLATION:
STARTED 12/10/15 COMPLETED: 12/10/15
DRILLING COMPANY: Aquaterra

DRILLING EQUIPMENT: Hand Auger

WELL / PROBEHOLE / BOREHOLE NO: E
&>
BH'1 5'003 PAGE 1 OF 1 A\quaterra
NORTHING (ft): EASTING (ft):
LAT: LONG:
GROUND ELEYV (ft): TOC ELEV (ft):

INITIAL DTW (ft): Not Encountered ~ WELL DEPTH (ft): ===
STATIC DTW (ft): Not Encountered  BOREHOLE DEPTH (ft): 2.0

DRILLING METHOD: Hand Auger WELL CASING DIA. (in): === BOREHOLE DIA. (in): 2
SAMPLING EQUIPMENT: Hand Auger LOGGED BY: LM CHECKED BY: TD
o 3
Ieco |2 @ 2 , ol .28 Hc
= = 2 S |a N =%
eae |2 Q Description g Time 1288 53|92% 58
Ege g_n 2 p & | Sample ID g&% @8 gag ge
T
GRAVEL : tan; dry; Fill
0700
T SANDYSILTbrown; dryi Fil 7] BR-15003 0.0 I
Borehole terminated at 2 feet. 1
5 5—




GEO FORM 304 2015-NOV_PHL_AOI1_BORING INSTALLATIONS.GPJ STANTEC ENVIRO TEMPLATE 010509.GDT 1/28/16

PROJECT: 2015-11_PHL_AOI1_Boring Installations
LOCATION: PHL AOI1
PROJECT NUMBER:

DRILLING / INSTALLATION:
STARTED 12/10/15 COMPLETED: 12/10/15
DRILLING COMPANY: Aquaterra

DRILLING EQUIPMENT: Hand Auger

WELL / PROBEHOLE / BOREHOLE NO: E
&>
BH'1 5'004 PAGE 1 OF 1 A\quaterra
NORTHING (ft): EASTING (ft):
LAT: LONG:
GROUND ELEYV (ft): TOC ELEV (ft):

INITIAL DTW (ft): Not Encountered ~ WELL DEPTH (ft): ===
STATIC DTW (ft): Not Encountered  BOREHOLE DEPTH (ft): 2.0

DRILLING METHOD: Hand Auger WELL CASING DIA. (in): === BOREHOLE DIA. (in): 2
SAMPLING EQUIPMENT: Hand Auger LOGGED BY: LM CHECKED BY: TD
o 3
Ieco |2 @ 2 , o | o= |8 - c~
= = 2 S |a N =%
28% a8 9 Description g Time 1288 53|92% 58
Ege g_n 2 p & | Sample ID g&% @8 gag ge
T
GRAVEL ; dry; Fil
0730
T [ SANDY SILT ; tan and orangeish brown; dry; Fil | ity 0.0 I
Borehole terminated at 2 feet. 1
5 5—




@<>>» MONITORING WELL LOG: Arco-1

Page 1 of 2

austens
PROJECT: Sunoco - Philadelphia Refinery DRILLING CO.: Parratt Wolff, Inc.
SITE LOCATION: Arco Property DRILLING METHOD: Hollow Stem Auger
JOB NO.: SAMPLING METHOD: Split Spoons
LOGGED BY: Tiffani Doerr SCREEN/RISER DIAMETER: 4"
DATES DRILLED: 6/28/11 WELLBORE DIAMETER: 8"
TOTAL DEPTH: 40 ELEVATION:
Depth OVvM WELL WELL
(feet|  (pm) | USCS LITHOLOGY COMMENTS | cONSTRUCTION| DIAGRAM
VARVAN
A A\ A A\ 4" PVC - Stick Up 2'
A A Sample 0'-2' for Grout 0-16'
A A A A laboratory analysis
i VARVAN
| VYA
A\ a2 A\ a2
A\ a2 A\ a2
0.0 A A | FILL: orange-brown silty sand | Borehole cleared to
ZARA w/few fine gravel and brick/slag |5’ for utilities via air
-5 A A A A frags, sl moist, no odor. Same | knife
to 9.
| VYA
0.0 A A\ A A\
g A\ a2 A\ a2
0.0 AL A
VARVAN
100 A A\ A VAN
| AN AN
0.0 Orange and gray layered SILT,
moist.
10900 Same; very moist. 4" PVC - Riser 0-20'
100
10.0 Same with few very fine sands.
Same to 15'.
100
100
-15 i
0.0 SAND and GRAVEL: fine-
coarse multi-colored quartz and
10.0 quartzite gravels up to 1.5", Bentonite 16-18' - -
' poorly sorted, semi-round. = =
10.0 Same wi/layer of fine-medium :: ::
sand from 17.5'-18". E =
100 Same SAND and GRAVEL, Sand 18-40' RR/IRS
moist.
100
-20
0.0 No recovery - pushed large

0.0

gravel.




Aquaterra

Technologles, Inc.

MONITORING WELL LOG: Arco-1

Page 2 of 2

Depthl  OvM WELL WELL
USCS LITHOLOGY COMMENTS
(feet) (ppm) CONSTRUCTION DIAGRAM
10.0 Same. 4" PVC - Screen 20-
40
10.0
10.0 Same - saturated. Slight old
petroleum odor, too coarse to
25140 sample for lab analysis, mostly
' gravels.
| No recovery - pushed large
gravel.
11047 Same SAND and GRAVEL with
2" sand in bottom of spoon.
] Sheen.
=30 Same as 28'-30' (able to sample | Sample 29.5'-32" for
sand layers for lab analysis; laboratory analysis
1142 sample from 29.5-32").
11250 Medium SAND with few fine
GRAVEL; yellow/gray/brown.
11213
| Coarse SAND with less and
smaller GRAVEL.
-35
415
11710 Yellow/gray/brown fine-medium
SAND with trace fine GRAVEL
1237
39'-40' red sandstone fragments
T0.0 then multi-colored SAND and
GRAVEL.
407 40'-42' spoon no recovery - rock
in tip; however, second foot
1 (41'-42' pushed easilly; probably Sample 41'-42" for
top of clay) laboratory analysis
10.0 Red-gray CLAY; trace fine
gravel.




@<>>» MONITORING WELL LOG: Arco-1

Page 1 of 2

austens
PROJECT: Sunoco - Philadelphia Refinery DRILLING CO.: Parratt Wolff, Inc.
SITE LOCATION: Arco Property DRILLING METHOD: Hollow Stem Auger
JOB NO.: SAMPLING METHOD: Split Spoons
LOGGED BY: Tiffani Doerr SCREEN/RISER DIAMETER: 4"
DATES DRILLED: 6/28/11 WELLBORE DIAMETER: 8"
TOTAL DEPTH: 40 ELEVATION:
Depth OVvM WELL WELL
(feet|  (pm) | USCS LITHOLOGY COMMENTS | cONSTRUCTION| DIAGRAM
VARVAN
A A\ A A\ 4" PVC - Stick Up 2'
A A Sample 0'-2' for Grout 0-16'
A A A A laboratory analysis
i VARVAN
| VYA
A\ a2 A\ a2
A\ a2 A\ a2
0.0 A A | FILL: orange-brown silty sand | Borehole cleared to
ZARA w/few fine gravel and brick/slag |5’ for utilities via air
-5 A A A A frags, sl moist, no odor. Same | knife
to 9.
| VYA
0.0 A A\ A A\
g A\ a2 A\ a2
0.0 AL A
VARVAN
100 A A\ A VAN
| AN AN
0.0 Orange and gray layered SILT,
moist.
10900 Same; very moist. 4" PVC - Riser 0-20'
100
10.0 Same with few very fine sands.
Same to 15'.
100
100
-15 i
0.0 SAND and GRAVEL: fine-
coarse multi-colored quartz and
10.0 quartzite gravels up to 1.5", Bentonite 16-18' - -
' poorly sorted, semi-round. = =
10.0 Same wi/layer of fine-medium :: ::
sand from 17.5'-18". E =
100 Same SAND and GRAVEL, Sand 18-40' RR/IRS
moist.
100
-20
0.0 No recovery - pushed large

0.0

gravel.




Aquaterra

Technologles, Inc.

MONITORING WELL LOG: Arco-1

Page 2 of 2

Depthl  OvM WELL WELL
USCS LITHOLOGY COMMENTS
(feet) (ppm) CONSTRUCTION DIAGRAM
10.0 Same. 4" PVC - Screen 20-
40
10.0
10.0 Same - saturated. Slight old
petroleum odor, too coarse to
25140 sample for lab analysis, mostly
' gravels.
| No recovery - pushed large
gravel.
11047 Same SAND and GRAVEL with
2" sand in bottom of spoon.
] Sheen.
=30 Same as 28'-30' (able to sample | Sample 29.5'-32" for
sand layers for lab analysis; laboratory analysis
1142 sample from 29.5-32").
11250 Medium SAND with few fine
GRAVEL; yellow/gray/brown.
11213
| Coarse SAND with less and
smaller GRAVEL.
-35
415
11710 Yellow/gray/brown fine-medium
SAND with trace fine GRAVEL
1237
39'-40' red sandstone fragments
T0.0 then multi-colored SAND and
GRAVEL.
407 40'-42' spoon no recovery - rock
in tip; however, second foot
1 (41'-42' pushed easilly; probably Sample 41'-42" for
top of clay) laboratory analysis
10.0 Red-gray CLAY; trace fine
gravel.




@< MONITORING WELL LOG: Arco-1D

Page 1 of 3

PROJECT: Sunoco-Philadelphia Refinery DRILLING CO.: Parratt Wolff
SITE LOCATION: Arco Property DRILLING METHOD: Hollow Stem Auger & Mud Rotary
JOB NO.: SAMPLING METHOD: Split Spoons
LOGGED BY: Tiffani Doerr SCREEN/RISER DIAMETER: 4-inch
DATES DRILLED: 7/6/11-7/7/11 WELLBORE DIAMETER: 6.25"
TOTAL DEPTH: 75 ELEVATION: NA
Depth OVM WELL WELL
(feet|  (pm) | USCS LITHOLOGY COMMENTS | cONSTRUCTION| DIAGRAM
AN AN Al Deep well installed adjacent to gi gi
1 A A | shallow well Arco-1; deep well g4 4
A A A A augered to approximate depth g g
1 A A of shallow well prior to collection g g
| AT of any split spoons. Logged g g
ACA soil begins at 43' - use shallow | Sample recovery full g g
i VANNVAN log for shallow lithology in this unless otherwise g g
AN AN A location. noted. g g
] ANAN Cleared for utilities g 5
4 A A via air knife to 5' g g
" VAN " VAN g g
- AN 1
| A ;7
- - 1
1
109 Grout slurry (0'-61") g ?
1
| 7 7
| 7 7
7 7
| 7 7
15 ;7
- 1
| 7 7
7 7
| 7 7
7 7
| 1
1
| 7 7
7 7
| 7 7
- 7 7
7 7
- 1
1
7 7
| 7 7
- 1
a
| ;7
4 4




Aquaterra

Technologles, Inc.

MONITORING WELL LOG: Arco-1D

Page 2 of 3

Depth

OVM
(Ppm)

USCS

LITHOLOGY

COMMENTS

WELL
CONSTRUCTION

WELL
DIAGRAM

(feet)

-30 4

-35 4

40 -

-45

-50 4

-55 4

-60 —

0.0

10.0
10.0

0.0

10.0
10.0
10.0

10.0
10.0

i

Red-gray CLAY with few very
fine gray sand laminations.
Clay becomes loose with some
gravles from 45' to 46'.

At 46.8' orange laminated

clayey fine SAND. )
Loose light brown clayey fine

SAND with some orange zones.
2" medium-coarse sand at 48'".

White quartzite gravel at 49'.
No recovery 49'-51".

Coarse gray SAND with layers
of gray clayey sand and orange
clayey sand. Possible very
weathered petroleum odor.

Gray fine plastic SAND.

Hard drilling from 61.5' to 67" -
attempt spoon at 63', no
recovery.

44" Sample
submitted to
laboratory for
analysis

47' Sample
submitted to
laboratory for
analysis

Bentonite (61'-63")

Sand (63'-75")

|

A AR AR AR AR AR AR AR A AR A AN AN AN AN AN AN AN AN NN AN N NN N AN NN AN NN N

g
é
g




Aquaterra

Technologles, Inc.

MONITORING WELL LOG: Arco-1D

Page 3 of 3

Depthl  OvM WELL WELL
USCS LITHOLOGY COMMENTS
(feet) (ppm) CONSTRUCTION DIAGRAM
=657 Screen (65'-75') —
| Attempt spoon at 68" - no —
] recovery. —
=
100 Yellow fine-coarse GRAVEL —
i (quartz and quartzite) with few —
fines. —
=75 Difficult drilling on tough
i gravels.
-80 —
85 Attempts to rheem
- borehole for well
installation difficult
E due to swelling of
clay layer and loose
1 gravles. After
| numerous attempts,
At 92.5' - hit solid layer (no could only get well
~90 — sound of gravels) - no recovery |screen to 75' depth.
in spoon, but used sieve to
E screen cuttings - black and
silver mica flakes in cuttings.
] SCHIST.




@ <> MONITORING WELL LOG: Arco-2

Aquaterra
Technologles, Inc.

Page 1 of 2

PROJECT: Sunoco - Philadelphia Refinery DRILLING CO.: Parratt Wolff, Inc.
SITE LOCATION: Arco Property DRILLING METHOD: Hollow Stem Auger
JOB NO.: SAMPLING METHOD: Split Spoons
LOGGED BY: Tiffani Doerr SCREEN/RISER DIAMETER: 4"

DATES DRILLED: 6/28/11-6/29/11 WELLBORE DIAMETER: 8"

TOTAL DEPTH: 39 ELEVATION:

Depth OVM WELL WELL

(feet|  (pm) | USCS LITHOLOGY COMMENTS | cONSTRUCTION| DIAGRAM
i 4" PVC - Stick Up 2'

Grout 0-15'
1 Sample at 0'-2' for
E lab analysis.
10.0 FILLto 5' Borehole cleared to
-5 ) ) | 5' for utilities via air
Medium brown, moist, sl plastic | knife

i very fine sandy SILT to 7.

0.0
10.0 Gray-brown SILT, moist, no
4 odors. ) o

0.0 No recovery; Ig pink quartzite in
| tip

0.0

0900 Orange and gray layered SILT 4" PVC - Riser 0-19'

i to 13'.
0.0
100
100 SAND and GRAVEL: multi-
i ¢ colored sands and gravels,
0.0 overall reddish brown color.

oo ==
10.0 Same Bentonite 15-17' — —
10.0 [
100 Same Sand 17-39'

100
-20 — -
0.0 Very hard drilling - no recovery
100
10.0 Same - moist, no odors 4" PVC - Screen 19-
] 39'
0.0
10.0 Same - saturated, no odors. Sample at 24'-26'
_o5 _| for lab analysis.
0.0
10.0 Same
100

Same - 4" recovery. Possible




MONITORING WELL LOG: Arco-2

Page 2 of 2

Sguzene
Depthl  OvM WELL WELL
USCS LITHOLOGY COMMENTS
(feet) (ppm) CONSTRUCTION DIAGRAM
114 sheen —
=30 Same - 2" gray-brown sand Sample at 30-32'
i layer at bottom of spoon. for lab analysis.
1321
11218 Mostly coarse SAND w/ few
i fine-medium GRAVELS
1257
11254 Same with trace fine gravels
3% 71333
1989 Same
10.0
10.0 Same - transition from red-brn
i sand to yellow sand to gray ——
0.0 sand at bottom
0700 Gray CLAY w/reddish layers to | Sample at 40" for
i 41.5". lab analysis.
Orange fine SAND and CLAY.




@ <> MONITORING WELL LOG: Arco-3

Page 1 of 2

fausterra
PROJECT: Sunoco - Philadelphia Refinery DRILLING CO.: Parratt Wolff, Inc.
SITE LOCATION: Arco Property DRILLING METHOD: Hollow Stem Auger
JOB NO.: SAMPLING METHOD: Split Spoons
LOGGED BY: Tiffani Doerr SCREEN/RISER DIAMETER: 4"
DATES DRILLED: 6/29/11 WELLBORE DIAMETER: 8"
TOTAL DEPTH: 40 ELEVATION:
Depth OVM WELL WELL
(feet|  (pm) | USCS LITHOLOGY COMMENTS | cONSTRUCTION| DIAGRAM
i 4" PVC - Stick Up 2'
Grout 0-16'
1 Sample at 0'-2' for
E lab analysis.
| FILL to 5' Borehole cleared to
-5 ) ) 5' for utilities via air
0.0 Sl plastic, orange-brown, moist | knife
i sandy SILT to 8'.
100
10.0 Orange fine sandy SILT into
] gray silt to 11'. Multi-colored
0.0 layers, varyous amounts of fine
0900 sand and clay. 4" PVC - Riser 0-20'
10.0 Alt layers of reddish gray fine
i and medium SAND.
0.0 SAND and GRAVEL: multi-
i colored sands and gravels,
0.0 overall reddish brown color;
g 0% %ravel.
0 recovery
-15 -
10.0 Same, moist. Bentonite 16-18' =
0.0 ==
10.0 Same Sand 18-40' 105 5
100
-20 — . —
0.0 Fine sand grading into coarse
] sand with trace gravel near —
0.0 bottom - fining up sequence.
100 Same - saturated at 23'". 4" PVC - Screen 20-
] 40'
1581 Sample at 23'-24'
] for lab analysis.
] Same.
257 1252
1 Brown gray fine-coarse gravel
4 (green and red).
1606
| Same - less gravel (10%)




Page 2 of 2

@<>>» MONITORING WELL LOG: Arco-3

Sguname
'?fiztt;‘ (Cp):)/n':’)' USCS LITHOLOGY COMMENTS | conermUcTION el
T EEE O e 108
=307 1050 Same - trace gravel.
11765
1 Same
1233
1 Same
3% 7223
1 “::] Same - no gravel.
1243
| +§ Orange-gray fine-coarse SAND,
i no gravel with 3" gray sandy
» 267 CLAY in bottom.




Company Confidential

PIEZOMETER INSTALLATION REPORT i\
,-J_.:‘/'m\; .
A o, Piezometar No, _ AS-6
,?E Project ARCO REF INERY Locotion See Fig.
Frojeci No, . B1C2256 insiolled By S1G Date _2/11/82 Time
Miethod of Installotion Hollow stem auger
B LOG OF BORING AND PIEZOMETER
. PIEZOMETER
BORING. Type o Pizzometer e
"E = Description -ié__ Ground Efev.. . Top of Riser Elev.
[ =S {
© 2 & . “—-Venied Cop
T e SR T B S o
" T : . ' - ---lr———LD. of Riser Pipe__ 3"
4 T Type of Pipe_IVC
- - Lz
] I +—Type of Bockfill Arpund
3 . I I Riger CEENt grout
(N[ - .
el 4 ) J . Ls . : Top of Seal Elev.__ .
R _ N
- 1 L= g : & \1—Type of Seol Moteriol
e s Lz' N —mm.hﬁlls___'
b - . I g ] L]
L TRy Ls § 3
e Ly \
L o Lot . \ N
L 4 < L 10° \ \
- Lpe 31 { > \q -Top of Filter Eley.
i 1 “—Type of Filter Moterial __
| - sand
i i La : Size of Gpenings..:g.];gl_.,
L] Lg —=——Dismeler of Piezomerer
. -a Tip 3

Sottom of Piez. Elev, :

Bottom of Boring Blevi____
> Diemeter of Boring_12"

eEmorks

lnspecied Sy SLG

E000035¢96 |

£l

Tt L T TS £ B P e R R AL i

TRTRET R
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Aquaterra Technologies, Inc.
Subsurface Log: S-160

Project Namé: Pollack St Sewer Owner: Sunoco, Inc, (R&M)
Location: Tank 178 Permit No.: N/A.

Boring Number: 5-160
Casing Elevation: N/A
Screen Diameter: 2¢
Casing Dismeter: 2"
Drilling Method: Hollow Stem Auger Drilling  Sample Method: Cuttings

Log By: Catlry Grzybek
Drilter: B.L. Meyers

Length: 20° Slot Size: 0.020"
Length: 3' Type: PVC

Construction Details

Date: 15-May-03
Borehole Dia: 6.25"
Water Level (Init): NA

Rig Type:

Total Well Depth; 23' Bentonife Interval: 1'-2' = Backfill
Screen Interval: 3'-23' Cement/Grout Interval: NA = Cement/Grout
Sand Pack Interval: 2'-23' Sand Pack Type: No. 2 sand = Bentonite

Completion Details: Completed with 8-inch manhole cover and locking cap = Sand
Depth Sample OVM Sample Lithology
(f) Depth (ft) m Number
: 0 '-5" A, Hydroexcavated to 7 bgs.

5 510 To cuttings available

10 10'-15* 0 jiBlack/gray silt, sand, and gravel

15 15-2¢0 No cuttings available
(Wet at 18' bgs

20 20"-23 T}my, plastic clay

23
Well set at 23' bgs

NOTE; Shaded sample submitted for laboratory analysis
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s

“Deptn | Sample ]| OVM Sample Lithology
(%)} pepen i | (opm) | Number —
0 -5 A, Bydroexcavated to 7 bgs.
5 5-10° 108 IBrown grey silty clay, some coarse sand, slight moisture
10 1015 208 Dark brown silty clay, coarse sand, some gravel.
15 1520 285 'Wet, same as above, more sand and gravel.
20 20215 390 Same as above
215 JRefusal at 21.5'
IBorehole complete at 21.5' BGS

Rw- 11}
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Aquaterra Technologies, Inc.
Subsurface Log: S-172

Project Name: Pollack St Sewer Owner: Sunoco, Iac, (R&M)

Location; Tank 178 Permit No.: N/A
Boring Number: S-172 Log By: M. Brad Spancake Date: 19-Mgy-03
Casing Elevation: N/A Driller: B.L. Meyers Borehole Dis: 6.25"
Screen Diameter: 2" Length: 17' Slot Size: 0.020° Water Level (Init): NA
Casing Diameter: 2" Length: 4.5 Type: PVC
Drilling Method: Hollow Stem Auger Drilling ~ Sample Method: Cuttings Rig Type:
Construction Details
Total Well Depth: 21.¥ Bentonite Interval: 1.5-3.5'
Screen Interval: 4.5-21.5' Cement/Grout Interval: NA

Sand Pack Intexval: 3.5'-21.5" Sand Pack Types No. 2 sand
Completion Details: Completed with 8-inch manhole cover and locking cap
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NOTE: Shaded sample submitted for laboratory analysis
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((} _ Aguaterra Technologies, Inc.
Subsurface Log: S-173
Project Name: Pollock St Sewer Owner; Sunoco, Inc. (R&M)
Location; Tank 178 Permit No.: N/A
Boring Number: S-173 Log By: M. Brad Spancake Date; 27-May-03
Casing Elevation: N/A Driller: B.L Meyers Borehole Dia: 6.25"
Screen Diamefer: 4" Length: 20’ Slot Size: 0.020" ‘Water Level (Init): NA
Casing Diameter: 4" Length: 5 Type: PVC
Drilling Method: Hollow Stem Auger Drilling ~ Sample Method: Split-Spoon/Grab Rig Type:
Congiruction Details
Total Well Depth; 25' Bentonite Interval: 1'-3' = Backfill
Sereen Interval: 5'-25' Cement/Grout Interval: NA = Cement/Grout
Sand Pack Interval: 3'-25' Sand Pack Type: No. 2 sand = Bentonite
Completion Detrils: Completed. with 8-inch manhole cover and locking cap = Sand
pE==———— et .-
Depth Sample | OVM Sample Lithology
1ﬁl Depth (i) _(ppm) | Number
0 lAugered to 10
2
4
7N
./ 6
8
10 10-12' 0 1 Brown silt, sand, gravel, end rock fragments
12 i2.14' 156 2 Rock, sand, and gravel in brown silt matrix
14 14-16 510 3 e a4 above
Compacted gravel and rock material, brown silt and coarse sand
16 16-18 NA 0 sample
18 1820 10 4 [Same as above
25
[Borchole completed at 25* bgs
{

) NOTE: Shaded sample mbmittpd for laboratory analysis
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Groundwater & Environmental Services, Inc. Erilling
g
Project__Sun Philadelphia Refine; Owner__Sun Company., Inc. (R&M) Sketch Map
Location 3144 Passyunk Ave., Phila. permit No. N/A ! * N
Boring numbec S:94 Total Depth.. IQfL  Diameter__1Q 0. %
S-82+
Casing Elevation _NA___  WaterLevel: Initial 225 ft. Suatic N/A g A g
. ! < .04 «
Sereen Dia. 6 in. Length__33 { Slot Size _NIA____ . ) %
<
Casing Dia. 6in. Length__16 ft TypeSalvanized wire wray =
Drilling Method MudRotary ~ gample Method __Split-spoon
Completian Details___One foot steel stick-up riser. 5-83-
Driller ___Summiit Drilling Co. Log By M. Haslelt e 9 September 1993
Initial
Depth | Blow OVM Water Lithology
(feet) | Count (ppm} | Depth
¥ LIMESTONE BALLAST - Silty clay.
] 4234 ]
e 5 = k\i 1403 CLAY - Silty ciay, moist, stained.
-
i i—‘-’! - Silty clay with angutar stone fragments,
— ] ;i slained, wet.
s &
12,16 QI 3 .
D E' .‘ p - Brown, thick clay, some silt, no odor.
2 il 7 .
— 10— L i - Dark gray, thick clay, odor.
- ol 'n':.}l ‘.ii
1 1
™ =1 ::; " 4 - Light gray clay, some sand, wet, no odor.
—
—
- {70 B — SAND - Light gray, silty fine sand, some medium gravel, moist
ez = . —
— 20 — ——Hl 119
] S
= A= T
—~  —2%0-- B —d 711 = GRAVEL - Gravel, coarse sand, some silt
o ——i
.25 — Y — 200 COBBLES - Heavy cobbles, odor,
5 E-:;.
o
— — —t
- it L —
5l
—
I S —
30 50y ) —
PAGE ne
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Groundwater & Environmental Services, Inc. E{l)'i"ing
g
Project__Sun Philadelphia Refinery Owner__Sun Company., Ine. (R&M) Sketch Map
& Location 3144 Passyunk Ave., Phila. _ permit No. N/A : * N _
A Boring number S-94 Total Depth___50ft  Diameter__10in. &
$-82-
s Casing Elevation WA water Level: Initial 225 ML Static WA % g
' . = 94
Screen Dia, Sin. Length 33ft.  SlotSize _N/A e 'é’
.3 : 5 &
Casing Dia. 6 in. Lengh 161 TypeCalvanized wire weayy
] Drilling Method . Mud Rotary Sample Method _Solitspoon
. Completion Details___One foot steel stick-up riser. $-83
. Driller ___Summit Drilling Co. Log By M. Haslett | page 9 Seprember 1993
- Initial
Depth | Blow | Well | OVM Water Lithology
2] (fect) | Count| Const.| (ppm) Depth
,E 36 | NA . COBBLES
H
4 T 320 SAND ~ Medium sand, brown, moist.
E — 35 :g'fg ey CLAY - Brown silty clay, moist, some fine sand, odor.
1.5 s

- RedfOrange silty clay, odor, moist.

AL Al ek WV i PR

L - 7.4,
1633 . SAND - Dark manve sand, some silty clay, wet, strong odor.
L 40 ]
3 - - 10,16,
1625 CLAY - Dark mauve silty clay, moist, slight odor, some
T . mica, black and fine sand.
| 45 _]
;i ] 7a2, .
26,55 - Dark mauve clay, some silt, slight odor, moist.
. 50 —
T COMPLETED BORING AT 50 FEET.

.3

PAGE _ 2 _ qgf 2




CALCULATION WORKSHE“"

Orcer Na, 19174 T1-01

PAGE

OF

X MoK 10 $ of LNTEYL APPEIVIE] Y Btk woeg— !

[CLENT L 08 NUMBER
SUBJECT
BASED ON DRAWING NUMBER
BY £ DZEDTIT (GF,)‘ GHECKED BY. APPROVED BY DATE g /i 3 /f y
LT, Blow LITHOLOGY : = PA-Z1
WPTH oo @onr RO oitrrd + 265 s miend 42 duo 537N
5 - ‘7(7,4!8 o | £ “cresiden Spae ACJJ—/ Y7 BE’J::/Qlﬂ Crw-Mepd)
g o 3 Z (, H f.i?if COVP‘{ ~TyHe) ﬁLT‘fﬂt}ff")// W’f'T, Ne oo/l
54 182,24 | 2 |t -6k e T saTy cutd, oz
y No por- "
¥ 20 - J9,222678 15" |5A0  — gas st v Pedfes e GRHEL
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[ K29 i3, DY, eon
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. BT, ShD MRTER, DAY ot
25 25 576" 37 el = spuic LEPOLL, wET, SomE 0L
Mﬂ/ ﬁuwm"@ )
Eide 21 BB T S0 ~Proary soncen Sang A0 AL,
/’W?‘} oA,
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H -~ 5332 37 Cirf  — T W/c’w/ WET, MO sPL
;] ; e - cary MED SV, WET, FTEuke
* AN AR 0 OOANL, STAPNED «-wfwfzﬂﬂt»"
B BN | 2o ey g Baosd p1ep - PN SRV,
, WET, 00 .
40 9,048 | i7" 190 - ey o G T, MO bt
2 59,05 Y sadn - Bey oLty cotass A0
ShraD , wer
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GROUNDWATER & ENVIRONMENTAL SERVICES, INC.
DRILLING LOC

AT B . . .
Project 590~ Sh aduaasireols

_— -~ —
Location v Y‘a—tu\:\t\f

Ly Y
Well Number j=V%) L~

Caalng Blevation N/A

I
Screen Dia. 2 Tl

Casing Dia,

(o oot

Drilling Method. MWGEAC

Comnpletion Details

—

Owmer. SO ’:.o'm?ku‘f RS
Permit No. N/b\
Total Depth_’:i,f-.‘-:_cf_mameur \Dm520

Fater Lavel: Intiinl A Static

Length __\O Stot Size QOO Tt

Length 85 qype WC
Sample Method A/

Giuon  MBURTY W Lotkoute THosney Pt

Driller HUMW'WQE Log By. MA Date VW\' B

Sketch Map

Depth | Sumpie| Weld OVA Blow B - ithol
(i::it.j u};ﬁ.p ¢ Const. | (ppm) | Count Lithology
. =
Dy —\:AU;_ —=
L _ .
\o\j“bc o i) &\
] ,
T o€ Peswoare A
L : \ —
T oF Oekrew) e
B N q o - 1
Lo TLSToea oY% TOREEL 33
— ZORERD Sxpoiras TEE-
VEE I
- -
ol f 7
_3(}_ -
LY
._..ED_
—

Page 4
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Groundwater & Environmental Services, Inc. E;'i“iﬂg
8
Project Sun Philadelphia Refinery Owner__Sun Company., Inc. Sketch Map
Location 3144 Passyunk Ave., Philz.  parmit No. N/A
Boring numbec $-90 Total Depth 301t Digmeter_14in_
Casing Elevation___27.81 ft. Water Level: Initiat 1812 Siatic N @ 8
. 5
Screen Dia, 6in. Length__35ft. _ Slot Size 002 584+ o
. [13
Casing Dia Gin. Length 17fi  TypeGlvauized wie wiop| = s90-f) *
il
Drilling Mcthod Hollow-stem Au Sample Method __Split-spoon . z
Completion Details Three foot high steel riser stick-up. ﬂ $-85.
Drller ___B.L. Myers Bros. Log By E. Dziedzic paie_ 1 July 1993
Initial .
Depth [Sample OVA Water Lithology
{feet) | No. (ppm) Depth
N/A 154 FILL - Dark brown sandy fill with some brick, odor.
= = E
s 3
7 2
-y =
’ :
52 GRAVEL - Black gravel, odor, sticky product, moist.
- |
— 10 — &
B B
5
- /
— 15 — 8 230 - Gravel, satusated with product; black.
4—
. g —— e
L e— .
L ] — -
= 20 =~ .".'_'= 576
I
'- 5
e e = ——
F= 25 — —F
zaoemnc
= - — 1183
—
AN ——
_:.'.
- — — il
f—ri
R = ——+ PEBBLES/COBBLES
0 L

PAGE _ 1 __ A
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Groundwater & Environmental Services, Inc. g;lg“mg
Project Sun Philadelpbia Refinery Owner._.Sun Company. lﬁc. Skeich Map
] Location 3144 Passyunk Ave., Phila.  parmit No. N/A
= Boring numb 5-90 Total Depth__501ft.__ Diumeter 4in )
" Casing Elévation____27.81 1t Water Level: Initial 182 Siatic NiA . @ P
3 ] 5
Screen Dia, 6 in. Length_ 336t SloiSize 002 S84e| @
. v
Casing Dia. Sin. Length_ 11t TypeGalvanized wite weopf 29 s$90+| =
i Drilling Method Hollow-stem Auger _ Sample Meihod . Splitspoon %
5.3 Completion Details Three foot stee] riser stick-up. , ﬁ 5-85
- Dritler __B.L. Myers Bros. Log By E- Dziedzic pge 1 July 1993
~ Initial
Depth [Sample OVA Water Lithology
2 (feet) |No. (ppm) Depth
30 | NA BB
~ E 0 — PEBBLES/COBBLES
—
- =]
T 1
; | ] e 1060 : SAND - Black coarse sand and gravel, saturated, slight odor.
- B —
Y = SILT - Brown sandy sik, wet, shight odor.
] b -— o a—
.} - —
— 35 —| —
i ——
& \ - = —
4 ——
LS —]
e d = — s—
l== == —
] —
. — 0
£ !
e =
¥ - — . CLAY - Tanssilty clay, moist, no odor.
1 ] A
—
N
. — = o
3 p E_‘
— 45 — ;" —
R =
L M —
Tal— a—
- — pa— E———
50 :
COMPLETED BORING AT 50 FEET.
vy
it —
il
ik

e

PAGE _2_ orF 2
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CALCULATION WORKSHEET Ordor No, 19114 (o121} PAGE i OF 2-
CLIENT : “08
SUN PHLADELPHIA REFERY| ™ R
.SUE.IECT. gor*;.'n Logs <o Kecou w&//“ﬁ/)’p}'{' Holoe
g Log ey re/ES
BASED ON DRAWING NUMBER
av,- RETZT {5&_5) CHECKED 8Y APPAGVED BY OATE €/§'/‘f/
. P13 LgTgcocy
DEPTY | SRACKIC | easmug LocAtan . W6 SmesT AriicenT 1o
utn i -fletedery] s-8z (RUD-UOY
#3 - '
£5 - 15,31 |\ Bicolar - X St
$7 - 323,2] 147 i, ~ Bl CLb, WbT Gt mepers i
£ - 43230 LY LA — Lot Eay on seiies Fric, -
'EU%L WET
B 44440 1" Mol et fats o codes A, .
BULALL | wet™
3 - 7572 17 LA Y it o sopco Pk, .
Buteid | wET™ _
5 0 S I V7 R A -_e;._”._...- Fo—anfi]fngy on: suia fru, Gl
: ' ' ZT G'J'LJa/H‘CE? Butdl, wer |
7= 4660 77 L - ~Blevs! 4 Bipek 460 - cisgmazp N
SAND, PTIT, STVt ©Dpp7
3 (4‘1226]4' (2" FSAND = Lt S A ) Coppien Fros -
LRz , PTIT opaR,
22 - iz 77 L SAa) f’acvu-{ SONTED S 4ol fiuk) CAIER "
- MIT-goney ansr, éwrf,w
w5 - 9968 oot WET, ovun A
S - - S~ F’wﬂ-fq SoAE) Shetg #4D Crt -
_ BACK. SN opoyts :
27 BN 12" L s - Pracy sateg sap s oA, -
Sontg QXS5 MLTT - cvwﬂv"’)
_ # CLA5TS, rrf-rw- DS
3-“1 231547 i =N,/ thEFNTs-/._W Fu. CRANED 5141'-”) 7
" /‘M"T( SL. oo
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WeET ) ober,
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CROUNDWATER & E‘NV[RONMENHL SERVICES, INC

DRILLING LOC Sketeh Mep
: ; ' Projece T3 By ot EoA Owmer UM Compaat Tuc
“““ Location_Thmun . WeCTaveRy permit, Mo N/A
Well Numper K3 =0 Total uemﬁ_'___nhmm,ao.?\m
Cazing Elevation NA\ Fater Lovel: jpitial NA Statie N
Screen Die._ (pTvew Lomgtn 1O YT g1t Size 0090 Tuch,
Casing Dis. __ (o T0tx\ Length 23 FT. g A
Drilling Method Roeeie Sample Method ‘\// A
Completion Details 0% W See-p w/ Loeituot Syt Jug
Driller _DunTostoow EaTLE Log By. MA pate_ VAPAY i

Depth | Samplef Welr OVA Blow i
(feet) ‘Noo | Const. {ppm} | Comnt Lithology
L ] - i D Yhoe *5
L \op“aii AT 50 B
I . ) T oF TRRUSTGATE. \Ps
v = _
] TC;\; o Teered sl
10— ‘ _ otows oF  LOKEEWD 20T
= ’ e P = WL + 2
GEY AT R
L
T 7 =
2% ZZ
L “ o
L3 -
o —
LMy
e J—
— 50—

Page
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CALCULATION WORKSHEET  oraur mo. 1915 0190 PAGE _ oF
CLENT JC8 NUMBER
SURJIECT
BA'SED ON DRAWING NUMBER
BYE:DZIW (665)] CHECKED 8Y APPROVED BY DATE 5—//7/?4
. LI, Biow LITHOLOGY @ PH~-2& )
NP o6 T PN i emar et oy (CRuo-U0EY
5 - 70,7,7 | oY cienn AL, Butel cin'ey 72T onf Sha
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by
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GRQUNDWATER & ENVIRONMENTAL SERVICES. [NC. ' m
DRILLING LOG Sketch Map

) \VL‘ \SJ;\ - f'\ 3
Project o= T 4 Ay £OAS Owmer_ SN SOMPASY g
Location _PH‘L\-A. Ytt\'—""w\f Permit No. N/A

Well Numbes_ RN -HO5 Total Depth 5T Dometer 05T -
Castng Blevation NA Water Levet: Initiml MA ‘“hl.ic%

Screen Dia. (p Trg Length W T Stot. Sige DN L‘c_\,\

Casing Dia. ___{r oLt Length 3L Sbr Type_ W

Drilling Method i\;\u&tt —  Sample Metbod M/ A

Comapletion Details_ o AIVELE~UD W/ LOCEnat Cuuiaey iy~
’ ;
Driller \-\uum&W-W‘zE Log By. MA Date__ S urae_ Y

Depth | Sample] el | ova | Blow _
(Zeet) No. | Conat. | (ppm} | Count Lithotogy
— — Shors Yhee 2SN
— - lopah Sas B 56
. 'T;? € Resworre. A5 [
— Tep ofF Sewerd 7554
—10— Cowom of SorErn 355 (¢
- Dewewn) - AhauE S SIEE-
VEE AJcIne
T
I 4 Z
7N
A:'z() e
— -
40—
— S0

Page of




= Handex WELL | OG: RW—406
y ”ﬁ"’% Handex 01 Maryiand
N
e Permit #: N/A Drill Bate: #/20/00 Use: Monitoring wWell
Location: Sunoco Belmont Termindl, PA Owner LoC #:
Owner: Swnoco, Inc ‘ Handex Loc #: N0§356.032.T3045.800
Owner Address: 3id4 Passyunk Ave. Philadelphia, PA BORING — Depth: 38 ft. Diameter: !4 in.
Drilling Method: Hollow Stem Auger CASING — Length: 18 ft. Diameter: 8in.
Sampling Method: SCREEN — Length: 20 ft. Diameter: 8/n.
Static Water Level: WELL — Depth: 38& ft.
-
=] a{a| £ g .
= o z © -UJ Well Diagram
= a @ @ = Geotegic Description
o E & X o =
Q is] = < e
O t () fin 5 7 PG -
0 Stick-Up
i l,ao‘ob? FILL - Brown M-78 Sand, same coarse Bravel 57 % A
i 7 A
1 ; Qlive green Silky SAND 7%
. L 7 A
5 -5 7 3 &z
‘ - B -
- © &
v E ®
8 Uy S 5
[ . 7 ko) o
.. = =
P 10 0 @ % @
Brown medium SAND S 7 o
N 7
- ) / f
] [ 70
5 H5 § g l'—V
] ¥ a
i F o
20 20 5 |
i i &
= a2}
o
S B
_ i g @
25 los & et
] A - =
B
n =
L & g
30 30 §
Reddish brawn fine SAND and SILT uf%
o
35 35
] File n.ame: 11055 408
40 40
Geologist: Stephanie Rogers Driller: B.L. Myers Bros.
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No o 81 C 2256A

)

S-4l

LOG of BORING No. s

DATE 1/25/82 SURFACE ELEV. LOCATION _See Plate
E ] _g,§ Z B:.
“i1Z < - Q Zl wiow
1R DESCRIPTION z z g 2 1Es| 2.,
.l <| <5 & < EF{<F[ZH
NI z |28|2%|z3|5¢8
\ Asphalt and stome
Stiff brown fine sandy clayey SILT
5
16 24.6f NP | NP
10 | becoming more sandy @ 10 feet
10 19.6
83 15.9
15 63 3.2
146 5.2
120 5.6
20 110 "Dense to very demse brosm and gray coarse 6.0
to fine gravelly ailty coarse to fine ) ¥
go | SAD 6.0
25 4105 5.3
90 9.0
43 12.4
30 :
237 - 9.1
35—
COMPLETION DEPTH . 32.0 feet FLUID Depth 2BC. @ 26 ft. pate..1/23/82

SAMPLER: '2” O.0. SPUT-BARREL SAMPLER

Hole caved @ 17 ft. upon completion
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PIEZOMETER INSTALLATION REPORT S-4

Piezomeiar No _ #8571
‘}Djec’ ARCO REF]NEI& Locolion Sea qu-

Project No.._ 81C2256 instolied By MEK Date _ 2/6/82

Time
Mzthed of instollation ——Hel-]:m-stem_auger
- - -
LOG OF BORING AND PIEZOMETER
. PIEZOMETER
BORING. Type of Pizzometer ne
°
-'E.C Description ‘g | Ground Elev. 23.93' Top of Riser Eiev.25.01°
S £ @ T T 5N -
. L - Vented Cop
; .
N ] NN YN R [ S ST TN
[ b of iser Pipe >
i 1 } Type of Pipe_ PVC
R - Lz I :
- - ! Type of Bockfill Arqund
I i l Riser_ COncrete & ben—
_ tonite slurry mix-
4 ‘ I e
" 7 1 . ! Top of Seql Elev._8.93"
" i - LTI A L Q Type of Seal Moteria!
RS Lo 15" | l\ Bentonite slurry
- ] Lye-5.5°
- > Lee 13° Ly
L J 1. | 24.6 Q
I r _ Lee ]Q' .
; .
T : 32 Top of Filter Elev. _3.43"
i ] Type of Filter Material ‘
i ] 5 sand
i | Size of Openings._. 010"
L —_ — Diometer of Piezomstaer
L 4 Tip 3"
i ] Sottom of Piez Elev. 9-357°
- —Satiom of Boring Elevt1-07"
L——.—Dinmeier of Boring__12"
smarks B

-

Inspecias Sy MAK
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81 C 22564

NO

54 I

LOG of BORING No. -1

DATE 2/2-3/82 SURFACE ELEV. LOCATION See Plate
ZlwlSc - ®
AEEE: ; S 2l w|ow
=EHEE - Py I R e
IR DES CRI ON < i N I
Ik N f0|Q@F|<Z|E5
- ©w i *Q|Zc|2c|ow
0
- '\ Cinders and gravel
3 15
1 Stiff brown and gray mottled clayey SILT
10 11
13 ':las
1 ‘Dense to very demse brown and gray coarse
Z0 ]64 to fine SAND and GRAVEL
25 ':I 37
30 35 less gravel encountered @ 30 feet
35 50
40 1
14 _\ Red brown silty CLAY
4s—4 > See next page for descriprionm ~
comeLETiON peprH 070 feet FLUID peprn @nC. € 28 ft. pgpe 2/2/82

SAMPLER: 27 0.0. SPUIT-BARREL SAMPLER
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wec
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LOGOf BORl NG No. -1 (cont 'd.)

81 C 2256A

paTe___ 2/273/82 SURFACE ELEV, LOCATION See Plate
[«
AEES z | =
Y " S S e 1
H i 53 DESCRIPTION < B el S5 Bw
ACIEF: u Lo|CE|22|E2
a * o go|Zz(z2=|ox
45
50
25
55 Medium dense to very dense gr¥ay and tan
41 silty coarse to fine SAND
60 lmfsﬂ
65
36
70 —
1
4
o
ﬁ

COMPLETION DEPTH

SAMPLER:

67.0 feet

FLUID Depth €RC. @ 28 ft. Date 2[2/82

2" 0.0. SPLIT-ARREL SAMPLER




~roject ___ _ARCO Refinery

543 L
PIEZCMETER INSTALLATION REPORT

Piezomeiar No. AD~1

Froject No. 81€2256

Location___See Fiqure S
insiolied Sy MEK Date 2/5/82 Time

siethod of Installation __Hollow stem auger

LOG CF BORING AND PIEZOMETER
: PIEZQOIMETER
BORING. Type of Pizzometer _FVC
! °
%_: Description € | Ground Elev. 2372 Top of Risar Elev.23.56'
@ = s '
o= i rmVenied Cap
[~ = NS B SACE
] | dd—ip of Riser Pipe _ 3"
I l Type of Pipe_PUT
L 4 . |
£ .| £ |
- l T——-Type of Bockfill Around
I ] Riser CemeEnt and
E , I . bentonite grout
g 5 B Ls <~ Top of Sea! Elev, 19-72
- " T . L Type of Seal Material
= = - ﬁ bentonite slurry
L . Las ' 3 \
! d ,_4,_____I3 3. B h
g . Lge 356 \I
i . \ |
<l Lye 65 { \.‘l Top of Filter Elev. =27,44
i t =——Type of Filter Materiq! ____
! ] : =
i | L Size of Openings.. Q10" _
N | Le !: --q-——Oiometer of Piezometer
i i :‘i Tip '%"
- l :l Sottom of Piez Eiev,_=40_78
- :’ [ Bottom of Boring Flev.=41.28
| ~————10iometer 6f Soring _12"
:maoarks




S>-43
| P T2WP Groundwater -
. A1~ JW# & Environmentai Services, Inc. Drifling Log

‘ _ . . ketch M
Project _SUN: Atlantic Refinery Owner Sun Refining & Mktg. Sketch Map N
L Location__Philadelphia, 2a Permit No._ NOEL required * g
] Weli Number __9~79 Total Depth_34 feet Diameter 10 inch N
Casing Elevation Water Level: Initial_26.0 Statig_ 26.82 . Qk
. . . ®
I ' Screen: Dia.__4 %nCh Length 20 feet Slot Size 0.02 inch SOU—TH’ 5'75‘){ =
| Casing: Dia.__4 inch rengtn_14 feet Type _PVC Sch 40 E
. AN A po -

I- Drilling Method __Bollow stem auger Sampie Method N/A ¥

Completion Details__oteel riser with locking cap

e Al

- Driter_B. L. Myers Bros,oggy_ J- J. Smith pateprited5 Aug. '88

- [
2 2
v o s 2

.o = -] = = LITHOLOGY
—_ o =2

3’ s {1551 =5 | 23

i o o=z 20 5

FILL Asphalt with coarse balliast stone,.

SILT - Light brown with sand
- dark brown from 2.5

I
)
[
f
|

PR SN W N N N

~ light gfeen with sand from 4.0

iy
S S

i

[

[

t
BT

1041 _| - brown, damp
] -3 | COBBLES - Red, green, white (primarily sandstone) with
13 silt

SILT - brown with small sandstone pebbles at 13.0

- red with pebbles and cobbles

- moist cuttings

T T T T T

NIRRT

COBBLES - Red., green, white, (primarily sandstone},
wet with medium sand.




\*}

f':T?:I ’ Groundwater
Y

543

& Environmental Services, Inc.

Project _SUN: Atlantic Refinery

Weill Number 3-79
Date 5 Auqust 1988
3 ‘ s
w - B o
p £3 2 £ LITHOLOGY
@ @ 3 Lo > 8
=) @z TO Qo
SERN | I % X
S O SILT - Brown, damp with sandstone cobbles and pebbles
134 |1 {F—{ 7
END HOLE
- —f —d
- 4 -
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24y

LOG of BORING No. ss—2
DATE __1/28-29/82 SURFACE ELEV, LOCATION See Plate
b= O w e
w wii L) = -
E‘ g E:“E g o :z: OBQ EBQ
E § EE DESCRIPTION N EE g;_z__- 'ié:gﬂ
w1 w vy
30 @ ~ i = 8 ITIES oM
Stiff browm clayey SILT
=hn |8}
10 27 B
15§23
Medium depnse to very demse gray coarse to
fine SAND and GRAVEL
20 —9§55
25 60
30 —g35 containing less gravel @ 29 feet
PR [Ery sty ey sean I II I
40—430
45 ~ =

COMPLETION DEPTH

41.0 feet FLUID Depth £0C.

@ 27 fr. pare. 1728782

SAMPLER: 27 Q.0. SPLIT-SARREL SAMPLER
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PIEZOMETER INSTALLATION REPORT 541

Piezomeler No. _ 55-2

. -_—-_'_-"——-———_,.,_
“roject ARCO REFM Locotion See Fig,
. roject No, BI1C2255 instalied Sy._ SLG Datel/28-1/29/82 Time

wisthod of Installagtion Hollow stem éuger

k3

[~ LOG CF RORING AND PIEZOMETER
‘ PIEZOMETER
BORING. Type of Pizzometer BPVC
-.“.:E_:- Descripfion é Ground Elev.20.97* Top oﬂ%gﬁngﬂev. 22.97"
ge o - e,
. G - Ventsd Cap
[‘ —_ RS A P NRZ S 777 7 S ST e N T

11D of Riser Pipe 3"

} Type of Pipe _ FVC

i

Type of Bockfill Around
I Riser___COnCrete

\; Top of Seql E!ev}.ﬁz'___

i Type of Seal Material
bentonite balls

L LLLL,

L

T 70p of Filter Elev._=.03'
"‘;--—-Type of Filter Material
sand

Size of Openines 010"

TSI IS S —

A ' Lg Diometer of Piezometer
-i._lp 3"

Sotlom of Flez, EIEV.M

= T.! Sotiom of Boring Elev=20.03
L—-.—Dicrneier of Boring_l.g:_._

—_

Inspecied 3y SLG




$-4s5

SIWELL 3¢9 son I BORING SAMPLE DATA
[
> | WELL ELSVATION:  24.73 SURFACE ELEVATION: al O "
z | weLL NsTALLED: 7-29-87 - 7 | DRILLING METHOD: Heollow Stem Aulger 2 w : ;E P
™ | WELL DEVELOPED: ] 8 BORING DEPTH: 17 ; *xf g 138 Iz
W | WELL DEPTH: 512 ® wzlaoa
o «@ 3
¢ .
NimA% *21\0.0 - 0.5 BLACK TOP
I TAN0LS - 1.0 FILL
TP ~—3 1.0 - 4.0 SILT: brown and
1 b K -~ gray, some clay
4 &R :___ 4.0 - 7.0 FILL: cinders,
H ‘a.} sand, silt
54 el e . - )
N Cement/bentonite o
1k | grout ‘_'_" 7.0 - 20.0 SILT: brown, sanfly,
EEN N _~| trace clay
1 ki ~~
104 4 F o
b o ran
1 L] fr—Bentonite seal o=
o5 _ L
154 =] T -
20 ‘ié—-.l‘. Morie #2 gravell = 20.0 - 24.0 SAND: PoOOTly sokted, B
= pack | cobbles, silt i 3
i g - > |
. '.'_:: 24.0 - 34.0 SAND: variegatefl, 3 -
254 - =1 fine to coarse, wet, strong -
= 2" 20 sleot PVC “+.| odor L
iy = screen e
J §_ -7 |
304 = i~
1 1= 4 L
4 =i ~_| 34.0 - 37.0 SILT: gray, : B
asd | ~~.| sandy, clay, lens of gravel .
~-—{ at 36.0 - 36.25, odors S L
- TOTAL DEPTH 37.0 -
i . L
40
Drijled By _Hardin-Huber :
Logged By Feter J. Doughercy EE ENGINEERING
Client Atlantic ENTERPRISES, INC.
Job No. __522-239-00

Para 1 (3t
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&4

LOG of BORING No. 4315

DATE 1/26/82 SURFACE ELEV. LOCATION See Plate
Blea gt z W
e ; Sz Q 2l wiow
- S - b e wml|la _|=".
E Elzw DESCRIPTION - T g . =
- > (i - —
a \"| ¥ a *0j2clzcjor
0
\ Crushed stome
5 Stiff gray fine sandy clayey SILT
17
10
4]
15
20
Medium dense to very demse gray coarse to
fine SAND and GRAVEL
20 100/6"
87
25 99
117
30 ~

SAMPLER:

2¢ Q.0. SPLIT-BARREL 3AMPLER

Hole caved @ 16 ft. upon completion
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PIEZOMETER

roject ARCO REFINERY

INSTALL

TION

‘oject No.__81C2256 instolled By

S1G

Hiethod of installation

Hollow stem auger

>S4

REPORT

Piezomsier No, __ AS-6
Locaoiion See Fig.
Dote .. 2/13/32 Time

i LOG OF BORING AND PIEZOMETER
) PIEZOMETER
BORING.- Type of Piezometer P _—
-_Caz:___ Description -é Ground Elev. - Top of Riser Elav.__
L= S - — .
o -= Ll _ T‘mj\lenied Cop
r .
= N N A T S S S T 7 e o
- iy [ ----!-——I.D. of Riser Pipe
i : { Type of Fipe_ e
L] o ‘
L I Type of Beckfill Around
I ] ! ] Riser CEMent grout
] - Ls ' l Top of Sea! E
\i op of Seqal Eley.
- ) Lys - Q Type of Seal Mcterial
" = Lae 4 l\ h bentonite halie
- - L . ] g I )
P12 Ls E g
R - Lan 207 Ly
f= - Lsa
= - - L:‘-—-——lo' E PQ%
- Lpe31' = } Top of Filter Ejev.
" ’ g “—Type of Filter Material ___
¥ . | sand
: : L. T—-SIZE of Openings_-010"
- — Lg ——-——Dzumeier of Piezometer
| ] - 1 ‘np 3
- & _] —Sottom of Piez. Eley,
L. : :ffl Boliom of Boring Elev,
L‘.Diomsier of Boring_32v
norks

Inspecied By

S1G




Project Name:
Location:

Aquaterra Technologies, Inc.

Subsurface Log: S-46D

Sunoco Philadelphia Refinery AOI - 1

Philadelphia, PA Permit No.:

Owner: Sunoco, Inc. (R&M)

Page 1 of 2

Boring Number: S-46D Log By: M.B. Spancake Date: 3/17-18/05
Casing Elevation: N/A Driller: Parrat Wolff Borehole Dia: 8.25'
Screen Diameter: 2" Length: 15' Slot Size: Water Level (Init): 58'
Casing Diameter: 2" Length: 56' Type: PVC

Drilling Method: Hollow Stem Auger/ Sample Method: Split Spoon Rig Type: HAS/Mud rotary

Mud Rotary
Construction Details
Total Well Depth: 69' BGS Outer Steel Casing Interval:  0'-48' - = Backfill
Screen Interval: 54'-69' Bentonite Interval: ~ 0'-52' = Cement/Grout
Sand Pack Interval: 52'-69' Cement/Grout Interval: = Bentonite
Completion Details: Completed with 2' Sand Pack Type: #2 = Sand
Steel stick-up
Depth Sample OVM Amount of Lithology Well
(ft) Depth (ft) (ppm) Recovery (ft) Schematic
0 [Vacuum Utility Clearance to 9' below ground surface (bgs).
5
10 10-12 45 1 IBrown coarse sandy gravel, moist, poorly sorted.
12-14 28 0.75 Same as above. Rock fragment in bottom of spoon. Slightly more
moisture.
14-16 823 1 Wet, poorly sorted, coarse sandy gravel. Brownish-red in color.
15
16-18 829 1 Same as above.
18-20 817 1.5 Same as above.
20 20-22 267 0.75 Same as above, gravel is slightly larger.
22-24 744 1.75 Same as above, gravel is smaller and less abundant, more coarse sandy
gravel matrix.
24-26 760 1 IBrownish red, coarse, sandy gravel, wet.
25
26-28 20 2 Same as above, more gravel and pebbles.
28-30 0 2 Same as above, changing to a wet, gray, fine sand at 28.5'. Slight clay
content from 28.5'-29" bgs.
30 30-32 13 NM Same as above, changing to a coarse sand and very small gravel.
32-34 9 2 Coarse sandy gravel turning to a fine sandy gray clay towards bottom.
34-36 122 1 Fine brown silty sand, wet.
35
36-38 11 1.25 Gray clayey silt, slight moisture to dry.




Page 2 of 2

Aquaterra Technologies, Inc.
Subsurface Log: S-46D (Continued)

Depth Well
(ft) Schematic
38-40 2 0.75 Same as above, more clay content.
40 40-42 0 1.5 Same as above.
42-44 0 2 Gray clayey silt.
44-46 0 1.5 Gray fine sandy silt, slight clay.
45
46-48 0 1.5 Same as above.
48-50 0 1.25 Same as above.
50 50-52 0 1.75 Same as above.
52-54 NM 1.5 Same as above. Changing to a green coarse sand. Large quartz fragment
sand and in bottom and serpentine fragment.
54-56 0 0.5 [Note: The spoon advanced only 0.75 feet. Coarse brown orange coarse
55 pebble matrix. Moist.
56-58 0 1 Same as above. No gravel or pebble present in bottom of spoon.
58-60 0 1 Same as above. Changed to medium sand at bottom of shoe. Moist
fJto wet.
60 60-62
65 65-67 0 1.5 Medium brown orange sand and pebble. Wet. Changing to a medium
greenish gray wet sand.
70 70-72 0 1 'White medium and fine sand matrix with large pebble fragments. Wet

End augers. Remove augers from borehole and fill with grout. Will
|m0ve well location 15' east. Advanced augers to 48' BGS and set 4"-
steel casing. Begin with mud rotary drilling on 4/5/05.

[Advance mud rotary to 75' BGS and collect spoon.

75 75-77 0 1.75 White and light gray saprolitic mica schist. Some dark gray banding is

Ipresent. Blow count = 5-23-36-46

80 80-82 0 1.25 ILight gray highly weathered mica schist with darker banding. Slight
green coloration. Blow count = 14-27-42-46

85 85-87 0 2 Greenish gray saprolitic mica shist in top 1.5'. Changing to a dark
Igrayish green weathered mica schist. Blow count = 27-43-50-50.

90 90-92 0 Greenish gray and tan weathered mica schist, very dense and compact.
IBlow count = 47-52-50/0.3
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4-43 T

DATE_ 2/10-11/82

LOG of BORING No. -3
SURFACE ELEV, .

LOCATION _See Plate

GlulSc z =
Wiw <2 o - .
Z|=l 25 DESCRIPTION < ] N R
a& | < <5 — o =z 2L
AR i [38|23|3%|58
o )
\ Gravel
5 Stiff gray clayey SILT
13
10
66
15
33
20
82 Medium dense to very dense gray coarse to
fine SAND and GRAVEL
25
72
30
29
a5 g | srn s s w ses s saEe a
| grayisiley clay sean T ]
40 13
Stiff gray silty CLAY
10
45 -
COMPLETION DEPTH

44.0 feet FLUIDOepth enc. @ 24 fr. Date 2/10[’82

SAMPLER: 27 O.0. SPLIT BARREL SAMPLER




ARCO Refinery

Pl_EZOME_TER INSTALLATION

Fizzomeier No.

44l

REPORT

AD-3

. T
Hiect : Locotion__See Figure
sject No._81C2256 Instolled By SLG Date __2/11/82  Time —
Method of Installation Hollow stem auger
[ . . & ety

LOG CF BORING AND PIEZOMETER

PIEZOMETER

BORING. Type of Piezometer_ PVC —
=)
-_E:. Description € Groun‘d Elev._19.0 Top of Riser Elev, _21.63
2 s ’ —*I—-—F—T—\_ ' '
Lr' . Vented Cap
I O CRIINSTATIE | | RSNy ————————
- . | 1D of Riser Pipe __ 3"
- : { ! Type of Pipe__ PVC
L - i
b ] l T Type of Backfill Around
] | I Riser__"clean spoils"
! b= be 4| <=—Top of Seol Elev._13.6
J T : o
o L« 2.67 Q Type of Seal Materig!
I—| Lo 8T K h Bentonite slurrey
S Ly 26"
s 8' L! E \I
8 E Lar 8 Ly Q
L Lo 35"
T \ \
. - LG‘
- .
- = L7-40.5° '\:! Top of Filter Elev, ____
- 0 == Type of Filter Material ___
“ 4 Sand
] j Size of Openings 0.010"
b Lg m——Diometer of Fiezometer
j T'ip 3"
- - Zo—Soltom of Piez Elev___
- 3 i Bottom ¢f Bering Elev.
[—‘.D‘omeier of Boring________
norks




5-43

]

Page 1 Of }

- [WELL 767 sot [BORING SAMGLE DATA
w Y . ]
2 | WELL ELEVATION: SURFACE ELEVATION: al ©
= | WELL INSTALLED: 7-321-87 o | = | DRILLING METHOD: Hollow Stem Auger 2] 9= Szi8u
= | WELL DEVELOPED: G | @ | porinG DEPTH: 37.0 § *al = 12aiSS
W weLL DEPTH: S|Z : nl w 2 |=gi<~
a - > x| g (P D
bl b3
0 - 4 — i
R v { 0.0 - 2.0 FILL: gravel, ]
T R : .| stone -
iy 4 ~%] 2-0 - 7.0 FILL: dark brown -
J . =] silt, clay, gravel ~
B 2| el -
NN R
5~ - l4f 4 -~
1 k! {—Cement/bentonite L
LT L
1k grout 2={ 7.0 -~ 8.5 SAND AND GRAVEL g
L% [-Eae ]
4 Wk : i
i K& 24 8.5 - 13.0 CLAY: gray, silcy,
= d ist i
10 - g E Bentonite seal ~1| Sendy, mois -
1k =1 13.C - 15.0 SILT: clayey, i
i | =7 trace sand, moist R
15 - —- '_“-?-/3.5.0 ~ 18.0 SAND: wvariegateH, 1 L
1 77} elayey, some gravel i
¥ J. Morie #1 gravel iy
pack =1/18.0 - 23.0 SAND AND GRAVEL: -
7 —.1 variegated, trace silt, 3
1 im:] strong odors r
204 % o 7 -
=] ::;:: -
1 e L
1 $:5] 23.0 - 24.0 SAND AND GRAVEL: 5
i i variegated, trace sileg, stropg i
[c c.j odors
=1 1k = 24. 0 - 30.0 SAND AND GRAVELL 3
1 |{IF— 2" 20 slot ~] variegated, wirh some silr, -
4 F PYC screen %] hydrocarbon present r
1 F S [
. ] i L
30 F=] 30.0 - 32.0 SAND AND GRAVEL: P -
i L} variagated, with trace siie, L
) £~ wel, strong odors |
.| 32.0 - 36.5 SAND: clean, ]
' | wet
s | =t = L
s 5
TOTAL DEPTH 37.0 -
1 40 1
Dritled By _Hardin-Huber -
togged By Peter J. Doughertv ENGINEERING
Cilent Atlanric ENTERPRISES, INC.
Jdob No.__ 522-239-00
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imdustries

559
geotechnical division inc,

post office box 2 * huntingdon valley, pennsylvania

. : 215-947.2555
Client . ZRC.C.. feEF/Afﬁle- ....... P Driffer . ..., B
Project LUELLS.  ioatd. TEST. Geeiddes . Helper.. &l&sf .. ... T
Location FMA@)&C/"%# N S lspector ... ... Ll
ProjectNo. ... ...... T T PR Jobo. . FALS T
Boriag No. 27— 5.5 . ... Depth .ol . %~ @ ...
Blevation ... ... ........ .. .. a d Water Dat
SpeonSize & M .. CasingSize . ......... roprd Water Data: ‘ .
CoreSize .........._.......... BiaNo. ._......_.._.. . ’ ﬁ'z-éle"' AT BT
Hammers; zE ] T A
Sooon.weign /42,7 oep 2.7 TR AR e T
Drive,weight ____ ... ... ... __. Orop................ LTSRN
Date Started . . a?"/‘oaf e, Date Completed . é’ :/:fs' __________________
Depth | Gastng STRATA CLASSIFICATION Depth SAMPLING BATA P REMARKS
Alack Assy/
Cradee s O 2~
.0 S-/ 3 - 2
5 sameLe - mocE
— - OFFSET AFPLROXI-
Tad S 7 2D MATELY 2.0-4.0°.
LAY, Oa 8-2-.85
SomEe veeay Fiae
LAND. ,
5.0
GREY (£iQY. FRLLE
VELY Firiz 7o fhveE
Sauh. Lo’
Muits ~Cos SREN
- 20 - FZ LD
FIME T2 CosiSE 23.d S F3-ss

SRD HAD GeIvEL.

7o’

Qmﬂ(ﬁn—: AT

27 o’

b b b b bocod e b

SHEETNO........... OF .........




et

-5l

Paca 10t

R P
I WELL  #6s son | BORING SAMPLE DATA
wl T —
2 | WELL ELEVATION: 2614 SURFACE ELEVATION: ol o ]
= | WELL INSTALLED:  7-22-87 w | 3 | DRILLING METHOD: Hollow Stem Auger 2| ¥ Iz Hw
= | weLL oeveroren: G | 8 | BORING DEPTH: 400 § *=l 2 |32[58
W1 weLL DEPTH: S R -t
1] S e @ |
N . 0.0 - 1.5 FILL
1 1 L 2.4 1.5 ~ 4.5 SILT: brown, sandy
- 1) ‘: -“'.‘.r.—_
7 - o
1 i Cement/bentonite s
p . Nl
1 4 grout —=] %-5 - 6.5 SILT: dark gray,
5+ 1 ~. | some fine sand, moist,
{1 [k T3 slight odor
Dol b ==] 6.5 - 12.0 SILT AND CLAY:
i K 1! —~| dark gray
3§ =
] ;—-Bentonite seal =
10 - 3 = L
i} = 12.0 - 17.0 SAND AND GRAVEL} i
- .| dark brown
] = T L
54 S e -
4 =} J. Morie #2 gravel e i
4 1= pack == 17.0 - 20.0 SAND: dark |
i =1 [ .] brown, silty, gravel, moist, |
[ ~:| odor present
204 L= o] 20.0 ~ 27.0 SAND: dark : B
1 1= 27| browm, silry, slightly finer =
- bt | gravel, wet, slight odors 5 R
IE o 3 -
25_. ; 2" 20 Slot PVC _.-:: j—
1 = screen - i
1 HE 74 27.0 - 32.0 SAND: variegatell, i
| = .| some gravel, little silt, wek, |
1 += ] strong odors ]
10 _::.' A L
1 =t " 32.0 - 36.5 SAND: variegatell, ’
i [ 27| medium to coarse, some gravel L
-.c.
35 _-,- 5 -
. - 36.5 - 40.0 SAND: grav, medium -
. to coarse, some silc.and clay =
T - TOTAL DEPTH 40.0 -l
t0
Dritted By Hardin-Huber :
togged By Peter J. Doughercw ENGINEERING
Chant Atlantic ENTERPRISES, INC.
Job No, ___322-239-00




3/ et /)
‘D{O\ - Company Confidential Lo

PIEZOMETER INSTALLATION REPORT 6
/fP\; | Piszometar No 253
p- }Progec‘l- ARCO REFI!ERY Locotion__See Fiq,
Project No._B1C2256 Instolied By _ PFM Dote _2/2/82 Time
Method of Instolation Hollow stem anger

B LOG OF BORING AND PIEZOMETER
_ PIEZOMETER
BORING. ) Type of Piszometer _ FVC
£ " Description -é - Ground Elev._22.55' Top of Riser Elev,24.05'
. GO - Ventad Cop
— 27 B 7 A E B S S 7
i 1 . LD. of Riser Pipe_ 3"
- | - ' Type of Pipe BV
+ " | 0 I . - ]
T I 1—Type of Beckfill Around
3 i l Riser cement gm'ut
£ ”—') = - . '
A F . ) 4 . ts . <3~ Top of Seal Elev. 3-55"
I ] Leeded’ Q \1——Type of Seal Materisl
I Lgs13¢ | l\ h bentonite shurry
L 1yr 133" | N
= =y
L Lel6:77 | 3 Q
b - LS'M'
X - 15* | VQ N
b= }1\ _
— - L 43 =3~ Top of Filter Elev=3.78'
3 ] ' _“_; Type of Filter Material _ _
2 . -_:ii sand
i | >+ Size of Openings_.010"
] Le “a—— Diomefer of Piezometer
| ) T.'p 3"
R —3otlom of Piez. Elev._20-45"
- Sottomn of Boring Eley=22,45
L———Diumeter of Borinq_lz_“.___ *
. Remorks

- | - ' T Insgected Sly PPM )
- E .QA_Q-(:)_OG"S 9 .3 L B e
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81 C 2256A

NO

o

o
N
Q)

LOG of BORING No. as-

DATE 1/29/82 SURFACE ELEV. LOCATION See Plate

- o B R
[ - ]

AEIEE z o I .

- -y = v
B DESCRIPTION < R - N
AR R @ <5l|lazl<=z{=h
e & v zo|l=Z|zciow

[w

10

15

20

35-

45

13

Stiff gray clayey SILT

29

31

22

l100/3"

35

66

26

Medimn- dense to very dense coarse to fime
SAND and GRAVEL

COMPLETION pepTH _ 1.0 feet

FLUID Depth &0C. @ 28 ft.

SAMPLER: 2" O.0. SPLIT-BARREL SAMPLER

Date

1/29/82




AN A )R

S

‘geotechnical division inc.

post office box @ * huntingdon valley. pennsylvanis

215.947.2555

Ciient . ZLCO ... ... e enaaas Oriter .33 ... ...
Project . L/ELL,  Tals TrTLAL T rar 200 S : Helper.. ... 2 AT
Location . 24 DEL M3 , o e .. Inspector ... /72 e
ProjectNo. . Y oo . et Jobwo. ... &G ..
BoringNo. ..~2 727 =3 ... ... . Depth. Ha:e’ .
ElEVBIIOf:I ..................... _ ) Ground Water Data:
SpaonSize ... ... ... CasingSize .. .,...... los: LIOTEL Br Jb.s?
CoteSize . ......... o iiiiin. BitNo. «.vivaue .. A A
Hammers: T I e
Spoon,weight __............... [ 3747 S 7—57;_4,(_. ',0,:45_ ' T o?:é ',; S
Drive,weight ...% . ..o veo.. (2707 S T
DateStarted. . /o2 TR o T &L ... Date Compieted ; /% ~e2 ¢ — Pof
Depth | Casing STRATA CLASSIFICATION | Deptt SAMPLING DATA Blowes REMARKS
] | 1ISCELLAE LS  Foid -
N 3.5 7.
R— (GREY Sitry

] Ly, , z

1 t? o H

- TAL Al GeEY

| FIME. S/

| TRACE (GRAVEL.

.o’
1 Comaters a7

SHEETNO........... OF ..........
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LOG of BORING No. ss-11

Bl C 22564

NO

LN

DATE 2/8/82 SURFACE ELEV. LOCATION See Plate
o w
glalzy 5 .
2132 - = z QBE o
TIE[ 5 DESCRIPTION < = = =g I
5| <<z , ‘ & AR RIS
ANl Il T FOo|Z3|2c|oe
0
FILL - sand and gravel with rubble
5 Firm black and gray oily silty CLAY
4
10 | Stiff gray fine sandy.clayey SILT
21
15 Stiff gray and brown mottled clayey SILT
8
20
44
25 Dense to very dense gray coarse to fine
SAND and GRAVEL
29
30
53
35 —
COMPLETION DEPTH 32.0 feet FLUID Depth £RC. @ 24 fr, Oate 2/8/82

SAMPLER; 2“ O.0. SPLIT-BARREL SAMPLER

NCC




s7ojecy _ ARCO REFINERY

PIEZOMETER INSTALLATION

8102256

~¢ject No.

instolled 3y ___PFM

niethod of instollation

Hollow stem F=ible Siad

REPORT “©-18
Piezometer No _ £5-11 —_—
Locoiion See Fig,

—

Dote.2/g/ga Time___

LOG CF BORING AND PIEZOMETER

_ PIEZOMETER
B G. .
ORIN Type of Pizzometer PVC
°
"E;;_ﬁ Description £ | Ground Elev. 28.52 Top of Riser Elev. 30.52'
= E . . :
a-E —m :
b _ 1?;' - Vented Cap i
B 7 RS SR 7 [ S ST S T TN f
] LAl 5p of iser Pipe 3"
I Type of Pipe _po
] | : :
L] Le | ;
S [ Type of Bockfill Around :
1 ] [ l Riser gand-cement coont!
i - Ls ! I 11.52%
4 . — \; Top of Seql Elev. -
- ¥ Ly 57' § +—-Type of Seal Material
— - Lgs ;\ Q} bentonite balls
R - Lar 2"
] : - NN
Lecll 51 1, Q
| 4 Les '
] o Q N
e N N -
- e300 —i= —Top of Filter flev.9_ 52" _
i ] -Type of Filter Material_____
i | sand
i ] L. ::% Size of Openings_010"_
] L __1 Diameter of Piezometer
X i T-ip 3
- 1 Sottom of Piez. Elev=1.98"
= l "" Boltom of Boring Elev_—2- 48’
r————Diameater ¢f Boring 12"
“emarks -
_ PM
Insgecied 3y




5

H K= peiiminend  geotechnical division inc.
- H B8 d -1 St r. B s e e e _ post office box 2 ¢ huntingdon valley, pennsylvaria

\
H
: 215.947.2555,
;
Client . ZRCo .. /eg):/xfé;e_,x ...................... Drifter SB
Project LIEXA-S AN TEST ja&—ﬂ).q-; ....... Melper. . &IGA ...
Location . pﬂ{éﬂbﬁc ﬂb?'? ..... /8 IRSPECION L.
ProjectNo. .._.. e JobNo. .. AT
BoringNo. S22~ 5. 8. ... ... Depth. % 0’ .. .
Etevation ... ... ... ..........
SpoonSize .o ... ... ... CasgingSize ..._..___. Groung Wal.er Datx
CoreSize ..................... BitNo. .............. : S ree. Ar.  so.oc T
Harmmere: T LE= SR F SN2 T~ S
O BT L T
Spoon, weight /44077 ... .. Drop 72, .. ... .. TRIZL. e — . o o 7
Drive,weight .____.._.. PEPERLEE L = T
Date Stanted . ff-.-. -/--:_. 7 ."-ST --------------------------- Date Completed . . . f_ - ‘/-‘ _3‘5"‘ ................
Depin | Gasing STRATA CLASSIFICATION Bepth SAMPLING DATA Blows REMARKS

ASH - Cmidce. , :
y SamfLE  MNOLE

] o OFESET APLoxMATEN
. S.o' Lo — /=3 1207t 40" oF ‘

&. 0 S/ gy WEEL,

GREY CtsnY
OoVER  FEARAT
3.5 — 3 -3
ASTS S-2 -5
[Fo’ s WlE  Shas

Siell S oF A TRAGGEDN
dIlnr=e. LEveo .
HEoVE  7HE sesovc.
STapTey =

Mutri - Coloren
FIE 7o ConesSE
S4D.

40

Fo'evo. o’ gess

@mﬁég E 47

2L o

RN

SHEETNO.....___... OF ...



Y

e

°-80

Page 1 Ot

- T ———,
..m.. WELL 572 1&2;; BORING SAMPLE DATA
L]
¢ | WELL ELEVATION: 3447 SURFACE ELEVATICN: al ©
I | WELLINSTALLED:  7.37_37 w | 2 | PRILLING METHOD: Hollow Stem Auber g unz F: ;g
& | WELL DEVELOPED: g 2 | BoRING DEPTH: 36.0 - § *<l 2 =g =>
W WELL OEPTH: S| F ] w F %03
L7, ]
. : : @

TAF_V " 0.0 - 2.0 FILL: sand, silg,

1o 3| gravel -

1 Bl | =7} 2.0 - 4.0 CLAY: dark gray, -

4 3 7 silty, sandy, odors pPresent L

4 pr f —1 4.0 - 6.0 CLAY: light gray, L
5 ] ; - silty, sandy

; L

I 6.0 - 13.0 SILT: dark gray, 3

4 b , Cement/bentonite ;igzy’ozzﬁ and gravel, 5

4 {1 |3 egrout & R

. : 1’ -
w- {4 [ -

4 M 19 5

NP

] Bentonite seal i

] é 2 =1 13.0 - 17.5 SAND: black, A

ik N 7| silty, wet, strong odors i
15 - :!__E ‘*ﬁ -

T {|s|y—Vetive gravel = 17.5 - 24.0 SAND: variegated, ]

1 =i =.{ gravel, silt, dense, strong i

1 II=C | odor -
20 v é" Y 1 -

1 ¢ ,—:_ et o

i _. E . __ 4 -

1 Fis 2" 20 slot PVC .:‘ 24,0 - 27.0 SILT: dark brown, 3 -
25.] z}l  screen = sandy, micaceous, highly 3 -

s = ~| saturated i

1 [EH =] 27.0 ~ 30.0 SAND: brown, "

e 7’| £ine to coarse, gravel with -

- = T | sile L
304 ||Sf —=1 30.0 -~ 33.0 SAND: variegated, 5 -

i N ~ | fine to coarse, gravel, some 1

1 =t i silt, wet, strong, odors i

1 et 4 33.0 - 35.0 SAND: brown, A

. A—

i ot . fine to coarse, gravel, trace N
s I ~"I silt, wet, odors 6 L
I e B TOTAL DEPTH 36.0

{ a0 i
Drilled By Hardin-Huber )
Logged 8y Peter J. Dougherty . ENGINEERING
Gitent __Aciancic ENTERPRISES, INC.
Jaob No. 522-239-00




Project Name:
Location:

Boring Number:
Casing Elevation:
Screen Diameter:
Casing Diameter:

Sunoco Philadelphia Refinery AOI - 1

Philadelphia, PA

S-80D
N/A
on

2”

Length: 15'
Length: 66'

Aquaterra Technologies, Inc.
Subsurface Log: S-80D

Owner: Sunoco, Inc. (R&M)
Permit No.:

Log By: M.B. Spancake
Driller: Parrat Wolff
Slot Size: 0.02
Type: PVC

Page 1 of 3

Date: 3/15-31/05
Borehole Dia: 8.25'
Water Level (Init): 70'

Drilling Method: Hollow Stem Auger/ Sample Method: Split Spoon Rig Type: HSA Rig/Mud Rotary
Mud Rotary
Construction Details
Total Well Depth: 79' BGS Outer Steel Casing Interval:  0'-58' - = Backfill
Screen Interval: 64'-79' Bentonite Interval: 0-62' = Cement/Grout
Sand Pack Interval: 62'-79' Cement/Grout Interval: = Bentonite
Completion Details: Completed with 2' Sand Pack Type: 62'-79' = Sand
Steel stick-up
Depth Sample OVM Amount of Lithology Well
(ft) Depth (ft) (ppm) Recovery (ft) Schematic
0 Vacuum Utility Clearance to 9' below ground surface (bgs).
Advance augers to 10' BGS and begin split spoons
5
10 10-12 21 2 Wet gray sandy clay changing to a wet gray medium sand
12-14 43 2 Wet gray and brown fine to medium sand, some small gravel
14-16 NM 0 [No recovery
15
16-18 102 1.5 Coarse sand and gravel, some gray clayey silt
18-20 48 1 Coarse sand and pebble fragments, reddish brown in color, slight
Jmoisture
20 20-22 660 1 Poorly sorted coarse sandy gravel, quartz fragments and small pebble
Moist
22-24 1485 1.75 Sams as above, changing to a reddish gray medium sand and smaller
feravel toward bottom
24-26 959 1.5 Same as above, changing to a brownish gray clayey silt
25
26-28 1435 1.75 Reddish brown clayey silt and fine sand, moist to wet
28-30 1511 2 'Wet brown poorly sorted sandy gravel and silt, black staining present
Jtowards bottom of spoon.
30 30-32 967 1.25 Wet poorly sorted coarse sandy gravel, gray in color.
32-34 697 1.25 Coarse sandy gravel, poorly sorted and wet. Gravel is small. Rock
fragment in bottom of spoon.
34-36 44 2 Wet poorly sorted gravel with fine and medium sand. Some brown silt
35
36-38 87 2 Same as above, changing to a gray and brown moist silt in bottom 3"




Page 2 of 3

Aquaterra Technologies, Inc.
Subsurface Log: S-80D (Continued)

Depth Well
(ft) Schematic
38-40 11 1 Fine gray and brown sand, slight moisture
40 40-42 4.5 1.5 Moist brownish gray silty clay changing to a moist light brown clay
42-44 19 2 Wet gray medium sandy gravel - Note: could be cave-in from above
44-46 9 2 'Wet gray medium sand and silt, slight clay content towards bottom
45
46-48 5 2 Same as above, changing to a reddish brown silty clay at 47' BGS
48-50 NM 0 INo recovery
50 50-52 0 1 Reddish brown clay, moist
52-54 0 1.25 Same as above.
54-56 0 1.5 Same as above.
55
56-58 0 1 Same as above.
Set 4" steel casing at 58' BGS. Continue drilling with mud rotary on
58-60 NM NS 3/29/2005
60 60-62 NM NS Advanced Mud rotary to 62' BGS
62-64 0 NM Reddish brown moist clay becoming sandy towards bottom
Blow Count: 4-4-4-4
64-66 0 NM Moist reddish brown coarse sand, slight clay content
65 Blow Count: 9-11-10-11
66-68 0 NM Moist to wet coarse sand reddish brown in color. Some small gravel
Blow Count: 10-10-9-10
68-70 0 NM Moist reddish brown coarse sand
Blow Count: 11-9-18-18
70 70-72 0 0.5 Reddish brown coarse sand and some small gravel, wet
Blowcount: 17-21-18-19
75 75-77 0 0.5 Same as above, gravel lense at 76' BGS with very coarse sand.
Blowcount: 20-20-16-20
80 80-82 0 0.5 Brown coarse sand and some small gravel, wet.
Blowcount: 38-15-22-16




Aquaterra Technologies, Inc.
Subsurface Log: S-80D (Continued)

Page 3 of 3

Depth Well
(ft) Schematic
85 85-87 " Dark greenish gray silt, some pebble. Silt had some dark brown layering

Blowcount: 27-25-40-31
Rollerbit starting slight refusal at 87' BGS. Slow advancement
90 90-92 2' Small gravel (white, tan, red, green and gray) with very coarse sand.
Blowcount: 19-17-15-50/4"
92-94 0.75 Dark greenish gray tight silt, slight clay content, some medium sand
Blowcount: 21-30-28-20
95 Rollerbit started "jumping" at 95' BGS, only advance 1" in 45 minutes

[End boring




S-8i

I WELL  #70 sor I BORING SAMPLE DATA -
w _ —_— ]
- | WELL ELEVATION: SURFACE ELEVATION: 7 o
z 38.85 8.97 al S 1,
7 | WELL INSTALLED: 7_ 23-87 o | A | OPILLING METHOO: 5o 110y Sten Auger 2| %= 2EiFw
= | WELL DEVELOPED: Q | @ [ BORING DEPTH: 37 § *=<l 3 =g =>
¥ | WELL DEPTH: 3% 2wl Xalg
—— w g .
U A V4 -
1k ==N0.0 - 0.5 BLACK TOP ]
N -=N0.5 - 1.0 SILT: brown, sandy 1
1 < ¥ i J7 . 1
{ ! kr—Cement/bentonite [ L-0 - 4.5 CLAY: dark égray, L
JIBN rour =] si ilty, sandy, strong odor
1 Bl B ==} 4.5 - 7.0 FILL: brick and :
s Il F 7% gravel X
ok .-
1 i f4—Beatonite seal - -
. \ X 7.0 - 9.0 CLAY: black, siley, L
1 & H sandy, strong odor . 5
i _1 :-—-—-—-Native £i11 9.0 - 12.0 CLAY: black, sandy 3
‘ 3 . - - R . -
18k - I
= =1 12.0 - 15.5 CLAY: gray, sandy, -
- =.=} $ilt 'and gravel, wet, slight L
. — .t odor i
1 r1E ~=! 15.5 — 20.0 SAND: variegateq, 1 B
] = gravel, dry, slight odor o
1 FSl+— J. Morie #2 gravel -
- = pack L
1 HE L
204 E:: ;-*t". 20.0 - 33.0 SAND: variegateq, 2 e
N “ -} fine to coarse, gravel witch i
= 27 20 slot PVC "7| ¢lay and trace silt .
7 = screen L 3 3
1 g m & -
254 = S -
30+ z s B
{ = ~— 33.0 - 36.5 SAND: brown, i
1 15 | fine to coarse, trace silt i
s [ T p -
- =1 36.5 - 37.0 SILT: lighc browm, -
4 sandy, clayey, micaceous B
| TOTAL DEPTH 37.0 -
40 1
Ortlled 8y _Hardin-Huber _
logged 8y Peter J. Doughercy ENGINESRING
Chient Atlantic ENTERPRISES, INC.
Job No,___322-239-00

Page 10t 1



£y

L,

WL RPN

SR VRV

}}\;

8l C 22564 -

NO

B3

LOG of BORING No.

AS-5

DATE 2/5/82 SURFACE ELEV, LOCATION See Plate
- O . B2
wl «nl > z -
12|32 2 2] %uw
TiEEa DESCRIPTION < i =S E R
NEIET @ |3§|aZ|<Z|E5
a w @  jFOo|Zz|adzjo¥
0
FILL - oily black sand a2ud cinders with °
rubble
3 Stiff gray silty CLAY
10
42
Stiff to hard brown and gray mottled
15 gravelly clayey SILT
12
20
37
25 Medjium dense to very dense brown and gray
93 coarse to fine SAND and GRAVEL
30
127
El
35—
COMPLETION DEPTH ... 32:0 feet FLUID Depth enc: @ 15 fe. oqre_ 2/3/82

SAMPLER: 2° O.0. SPLIT-BARREL SAMPLER




"\ ‘roject AH:OREE’]NERY
81C2284

PIEZOMETER INSTALLATION

aiect No.

#isthod of instaliation

DM

Insiglled By

. Hollow stem auger

582

REPORT

Piezomeisr No. AS-5
Location See Fig
Doie 2/5/82 Time

2

LOG COF BORING AND PIEZOMETER
) PIEZOMETER
BORING. Type of Pizzometer
°
—_E_ = Description £ { Ground Elev._23.89 Top of Riser Elev.26.89
O-E a‘ . l s -
= i - “—Vented Cap
- -] NN NN R R [ S0 SN T A g
B 7 ! - --wl-——-I,D, of Riser Pipe_ 3"
3 ] ; Type of Fipe__ FVC
[ L | f '
. I Type of Backfill Around
| | l 1 Risar CEMENt, sand,
7 i . l ]l bentonite grout
} - N ' Ls { <~ Top of Seal Elev._l.g‘_s.s_;.'___,
iy y R 3' Q Type of Seal Materiol ______
I L4 L\ Q bentonite balls
- - ’- zl
Lz 121 Ly E \
™ E Lar Ly §]
R < Lev. 16"
- g oot B I NN
\ -
- L7e 30" 5 [ Top of Filter Elev12.89"
2 7 ——Type of Filter Materiai____
- 1 i o B sand
A i l i——Size of Openings 010"
[ _ Le L Dinmeter of Fiezometer
- ] - f_ : _i_lp 3“
- % Sottom of Piez. Elev, 289"
. IL ‘l Boifom of Boring Elev=6_11"
——————Diomster of Boring 12
emuarks -
Inspecieg 3y  PEM




7

e

4

e

5-8%

SIWELL 474 3\9;:'; BORING SAMPLE DATA
w
Z | WELL ELEVATION:  26.40 | SURFACE ELEVATION: al ©
T | WELL INSTALLED:  7.28-87 «» | 2 | DRILLING METHOD: Hollow Stem Adger £ ¥ Z |9z,
& | weLL oeveLopeo: g F;? BORING DEPTH: 37.0 § Tl = é;,t, 3
-
4| WELL DEPTH: 5.2 @ ow § #9|a
4 -
[k foa 0.0 - 0.5 BLACK TOP
] t '.-‘,': 0.3 = 2.0 FILL: silt, sand
] " 7IT] gravel i
. 4 [ 2.0 - 4.0 SILT: dark brown, L
1 il [0 —= sandy, clayey, no odor L
s4 L "ol 4.0 ~ 5.5 SAND: black, siley N
Bt ﬁ-——-—Cement/bentonita — no odor
| 1 K grout ,__ 3.3 - 8.0 SAND: gray, fine, ]
N » zi:| silty, fuel o0il odor present -
1 Wk —=] 8.0 - 12.0 SILT: brown and _ -
: '51 =] gray, clayey, some sand, no 8
10 E #—Bentonite seal .z} odor L
K g E 1 12.0 ~ 13.5 SAND: green, fige i
)} ~| micaceous, no odor T
— 13.5 - 20.5 CLAY: brown, 3
] ——=} silty, no odor -
15 - =y = ' |
- - :-? 7 - - £ b
20 T—J. Morie #2 gravel{ |=o 20-5 - 22.0 SAND: gray, fing -
1 1 pack %;| ta coarse, gravel with trzce 1 .
silt, saturated by hydro- 2 L
| : *Ncarbons
=] 22.0 - 24.0 SAND: variegated, 3 i
1 7.7\ Bravel, fine to coarse, silt} N
25 = 1°:31\free product N
i HE TN 24.0 - 25.5 SILT, SAND, AND X
i = J-“\GRAVEL: stratified, variegated, !
1 [=Z ~-1\free product ]
IR 2" 20 slot PVC .71 25.5 - 30.0 SAND: variegatef,
= screen w+«| fine to coarse, silty, free i
30 "o\ product & B
i 7=:130.0- 33.5 SaND: gray, fine B
. = 7"l to coarse, gravel i
1= :71/33.5 - 36.5SILT: brown, i
i = | clayey, some sand i
3s4 i} o 5 =
. = 36.5 - 37.0 SAND: gray, -
4 =~ silty, strong odors 5
4 TOTAL DEPTH 37.0 i
40
Drilled By Hardin-Huber ’
Logged By Peter ' J. Dougherty 'ENGINEERING
Citent __Atlantic E ENTERPRISES, INC.
Job No, 522:339-00

Pman + g T



S-84

= WELL pr-1 soi |BORING SAMPLE DATA
w -
z | weLL eLevaTion: SURFACE ELEVATION: ol O
T | WELL INSTALLED: 8/18/87 » | 3 | oRILLING METHOD: Mud Rotary R Bl =
o | WELL DEVELOPED: B/19/87 g 3 |BORING OEPTH: 43.5 § *«| F %,ﬁ :S
Wi WELL DEPTH: 34.5 518 | w =z [Fa|F
%] 5 .
o ey
Inut ' 0-0 - 6.5 FILL: silt, sand,
T - 4| &ravel, brick -
R # It -
KL . i
1 F Y ]
5 K -
{ | [§— Cement/bentonite e | 6.5 - 19.0 SAND: fine, sildy i
. L grout T i
1T =
1 bk i "
104 R B = L
i :*‘ g———-Bentonite seal T A
N pa
i N & o 1
{1 M H—Native f£ilt gl i
= :
1 | [4—J. Morie #2 gravel e 3
4 ¥ pack S L
1 4 HEE = 1 19.0 - 23.0 SAND: silcy, 3
20 =[- . «| some gravel L
1 11E) i ]
{ 13— 6" 20 slot PvC < f 23.0 ~ 32.5 SAND: slighcly | - i
i = screen _ ~7| silty, some gravel i
25 E -‘:l'.. -
1 HE ol -
3eq M= s -
o g _‘,"-_d -
1 K= ~] 32.5 - 36.5 SILT: sandy, i
. i 6" BPVC sump ____“: clayey L
15 4 —Bentonite seal = .
] . -3 36.5 - 43.5 SAND: silty, s
1 Ml -] some gravel L
I i o —
i lr—Native fill & -
4 v . ;‘ _ L
40.i 1] s
£ Oritted By _Hardin-Huber : _
N Logged By feter J. Dougherty ENGINEERING
Client Atlantic ENTERPRISES, INC.
Job No. 522-239-00
Page 1 Of 7




5-254

5|WELL (i Cont. | son |BORING Cont. SAMPLE DaTA
e P TYPE .
z al g
= Py 0 w w w
= 212 g w2 4 [ZE| 2w
a a2 = HEREIE=
w = wi = ga g
[=] ; @x g
40 T —
1 iR ‘<Y TOTAL DEPTH 43,5
451 -
50 L
554 B
&0 b
565 =
704 -
75 -
ao

Page 2 Q1 7

EEl e




S-85

/ /\\

- e e,
E WELL ;5 sou BORING SAMPLE DATA
- = | WELL ELEvATION: 27 .64 SURFACE ELEVATION: al ©
) = | WELL INSTALLED: 7-23-87 o | 3 | DRILLING METHOD: Hollow Stem Auger 2| BT (Uzl8y
- o | WELL DEVELOPED: Q § BORING DEPTH: 34,0 - § = g %ﬁ %?‘_.
& | WeLL DEPTH: 5= B ow § h=13
0
NL boa
- B & &
18 ¢ 0.0 ~ 2.0 FILL
IR NN "] 2.0 - 9.0 SAND: black, silcy
H i : '.'. T -
1 il E—Cement/bentonite = zz?e clay and fill materiai, ]
s4 1] i grout - 7
i =
B S P
n o . r
) " [4— Bentonite seal T o
1 o K o r
L -
1 W [—WNative fill - 9.0 - 15.0 GRAVEL: black, - r
fE g~ .
w4 Lge =, | clayey, silty L
] B _
159 L= ~115.0 - 20.0 SARD: brown and 2
B Y ~ | gray, fine to medium, trace
0= —~--1silt, saturated, strong odots a3
™ 11 E--—J Morie #2 gravel o L
7 20- =1 pack —={ 20.0 - 30.0 SAND: wvariegated, |
) =i :u--| gravel, silt, saturated 1
e i 2 -
1 1= 'z 24,0 FREE PRODUCT 3 s
25 = 2" 20 slot PVC _‘ o
i =l screen S i
o [ =4 30.0 34.0°SILT: brown, grayl 4 -
4 B .= | sandy, clayey |
1 4L v 5
{1 H~F ! TOTAL DEPTH 34.0 o i
35 -
a0 1
Dritled 8y _Hardin-Huber - 3
Logged By Peter J. Dougherty ENGINEERING
Client Atlantic EE ENTERPRISES, INC.
Job No. __522-239-00 :
Page 1 Ot |




oy Al L A-80
PIEZOMETER INSTALLATION REPORT

' Piezometer No. AS-4
*roject _ ARCO REFINERY Locoiion See Fig.
oject No._B1C2256 instolled By PFM Date _ 2/9/82 Time
Method of Instaliction Hollow stem auger
LOG CF BORING AND PIEZOMETER
) PIEZOMETER
BCRING. Type of Piczometer PV
°
% = Description £ | Ground Elev.___g3 3¢ Top of Riser Elev._ 24!
2= @ T ) 4 } '
a Lr' - Vented Cop
ol — NN PN e 1A ;.\W'A%\':/A\WAVV,&W
] T . 411D of Riser Pipe 3"
i 1 ! Type of Pipe __pyrc .
L] te | -
= ] ' ——Type of Bockfill Around
5 4 [ l Riser _cement gronit
N 4 . Ls y { \J’ Top of Seal Elev.19 77"
L
3 b La-—42._;£_ -7 Q Type of Seal Moterial
i — L= i I\ Q bentonite sy
3 b W15.75
L3+19.75 A \
- y Lerl2 257, Q
o - Lsr 24,5‘ \!
5 4 - 20T \!
e N N oz
T Le- Tt 7o of Filter Elev. _4.02'
; ' ———Type of Filter Material _
3 ] sand
L 4 . - 010"
| 4 La T—SIZ of Openings _ =YY
N Lg ~g——Diometer of Piezometer
L d ) Tip_3"
3 ] ._q Sottom of Piez. Elev=8-23"
B = é‘ Soitom of Boring Fiev. 11.23
!-—-—-—.-—-Dlnne}er of BorlngL

— &

inspnu- prt sy PEM




tuu

WEC RA

81 C 2256A

NO

2831

LOG of BORING No. -2

DATE ___1/28/82 SURFACE ELEV, LOCATION _See Plate
- 0w LS
wl| vl >4 z =
&. E E:E E g g ‘Jﬁl uR
S EIE DESCRIPTION < EEISSRe 8w
m Al Eg = 1$0|GZ(Z%E3
no ~ w GISS | al|0 -
FILL - oily black sandy clayey silt with
rubble
5
8
10
2
"Firm gray clayey SILT becoming more sandy
15 with depth
13
- 20
127
25 28 Medium dense to dense gray coarse to fine
SAND trace gravel
0-4,,
becoming more gravelly @ 30 feet
35
18
40
18 Firm gray and red brown sandy CLAY
45 See next page for description -

COMPLETION DEPTH

56.5 feet

FLUID Depthenc. @ 26 £t. poye_ 1/28/82

SAMPLER: ~ 27 O.D. $PLIT-SARREL SAMPLER




[V

)

WwWee el

S

iogé NO 81 C 2256A

a-8% I

LOG of BORING No.

AD-2 (cont'd.)

Medium demse red brown silty coarse to
fine SAND

DATE 1/28/82 SURFACE ELEV. LOCATION See Plate
R

5w gt z o
AEEE 9 APGIR
JEIERS DESCRIPTION < SIS he| B
S| & Ea & <5|GZ|<E|Zm
a\e "y @ *o|Sz|acjo¥
N b5

COMPLETION DgPTH — 36.3 feet

* SAMPLER: 12” O.0. SPLIT-8BARREL SAMPLER

FLUID Depth 0¢- @ 26 ft. pore. 1728/82




o .:-\.

i

S

oH-6r I
PIEZOMETER INSTALLATION REPORT

Piezomster No. __ AD-2

i -'_‘-'“-F'\—l—\—-.,
Froject ARCO Refinery - Location i —
Fraoject No.__B1C2254 Instoiled 8y e Date_ 2/287/82  Time
Method of lnstu"utionl Hollow stem auger

LOG CF BORING AND PIEZOMETER
PIEZOMETER

BORING. Type of Piezometer e
© .
{:&:' Description Jé Ground Elev.____ Top of Riser Elev.
8 E I

i
j

’ Vented Cap
RS SRS/ 1877 I W 77y
P

[ "-—3—--1.0. of Riser Pipe 3"
} } Type of Pipe_ FVC
|

—]-—-Type of Backfill Aroynd
Riser cament grout

Top of Seal Elev,

T L
L 1
1
'
-
Y
- H

bys Q \+—Type of Seal Material - _
T = (O L I\ Q bentonite slurry
v T L3220 Ls \.!
b — L‘. ; 3 ¥ ;3 L] L? h
= N Le-
T 1 te-10° ;\\\ q

NN

o - Lye 551, - lf_ ~—1———Top of Filter Elev.
] ] ———Type of Filter Materigl____
B A A sand
. i Size of Openingsﬂ_
1 - L¢ Diometer of Piezomerter

3"

Tip

Sottom of Fiez, Eley

Sotiom of Baring Elev,

:

- wometar of Soring_&_

~

Inspecied 3By SIC




P

RN

SE5

5|WELL 782 so. [BORING SAMPLE DATa

w TYPE

= | WELL ELEVATION: | SURFACE ELEVATION: ol ©

T | WELL INSTALLED:  8/19/87 2 | DRILLING METHOD: Mud Rotary 2| ¥ : 35 gu.:

& | wELL DEveLoPED: 8/20/87 § 2 | BORING DEPTH: 44.0 g |2z & |58 ES

4| WELL DEPTH: 34.53 S @l wl 280X

» b3

0
Ny " * 0.0 - 15.0 FILL: black, _
1 P 2} sand, silty, clay, wood, |

AN = | oily :

b [ -
7 4 = L

A .

5 ? N é (5.0 - 7.0 thick oily waste) 3
1 W B L
1 .. X
1k Cement/bentonite - i
Pl srout g

a 4 = 3

LERENIRD ’; i

] I b = L
Al |4 =

3 - _

1 } %—Bentonite seal o L

- Je 3
15 - 5 2 e

i | 15.0 - 18.0 SAND: gray, fin i

1 T— J- Morie #2 gravel |.~| silty - -

T pack ' = ]

. = —+ 18.0 ~ 27.0 SAND: clayey, 3

] = ——| gravel, some silt 5

20- | S 5
j :: 6" 20 slot PVC -1_"_=_- i

= screen c_

st fIZ o i
IRE -] 27.0 - 31.5 COBBLES g
] = .'.; i
1 E iy -

30 R pug .gl L
i HE «y| 31.5 = 38.5 SAND: fine, i
1 FI= =1 silty, some clay |

—.'—/ A" PVC sump ..-~
l T — i

35 *;:’. o
] E\V Bentonite seal [~ !
1 < i .
1 [ Nacive fi11 = 38.5 - 40.5 SAND: some 2
+ 118 —— cobbles i

a0l I J* _

Orilied By _Hardin-Huber .

Logged By 2eter J. Dougherty ENGINEERING

Citent __Atlantic EE. ENTERPRISES, INC.

Job No,  522-239-00

Page 1 Of 2




¢
¢

- WELL 2 Cont.[sou [BORING Cont. sameLE oATA
: 3| ¢
z @ A A P
x wls E 23 5 o.E &a
§ 513 SETENEE
Q = ]
T =4 40.5 - 44.0 SAND: silty, sonme
7 14, : - lelay i
1 |IHH~—Native fill = v L
1 [ ‘-".",'_ -
{ B = | TOTAL DEPTH 4&4.0 :
45+ - —
50— - -
55+ - -
60 I -
65+ r B
70 - B
754 - B
80

EEI ENTERPRISES, INC.

Page 2 Of 2



264

Pace 1 0Ot 1

ot WELL 475 ff;*é BOR[NG SAMPLE DATA
w _
; WELL ELEVATION: 28 _99 SURFACE ELEVATION: al o -
o | WELL INSTALLED: 7_3g-87 w | 2 | BRILLING METHOD: Hollow Stem Auper 2] %2 SE Fu
= | WELL DEVELOPED: S | @ |BORING DEPTH:  37.0 -1 9%t 2 ILIEr
Y| WELL DEPTH: 2 ?f' Sl ¥ 23885
o
T
° \.--]V » 0.0 710 FILL: gravel
iRt 7= 1.0 - 4.0 FILL: sile, sand, -
. : 5 :_’ glass -
i ) 'f. % 4.0 ~ 9.0 SILT: black, sangy, L
Jd 1 = ‘1
579 % |4—Cement/bentonite pc oLy ~
4 1 grout T L
§ - .’ ;._‘

K g 3
1Mo e -
4 kLB . R

10 ; ; =1 9.0 - 16.0 SILT: black, -
1 M F—Bentonite seal = = sandy, trace clay, oily L
1 M O = -
i 4— J. Morie gravel ] 5

' ack i

15 4 =] P -:-:_ . -
1 iz —=1 16.0 - 22.0 SAND AND GRAVEL: B
i = s¢ | variegated, trace sile, dry, L
] Pt % i no odor L

20 ] = L -

=i ST . L | :
-1 - T 3 H
4 [EF 2] 20 sloc pVC ~i122.0 - 25.5 SAND: variegatel, 2 i
| z screen %%] silty, fine tocoarse, sand, _I
1 = .| gravel, cobbles 3 !

25 |1Z] Sof 25.5~ 26.0 SaND: gray, finp - -
A =f- —=1 to coarse, silty, strong odofs L
IBIE 7| 26.0 - 30.0 SAND AND STLT: i

H =-| fine to coarse,sand, cobbles:,
1 = "~} fairly dry, odors present g

301 ; 30.0 - 34.0 SAND: wvariegated, > 2
- = fine to coarse, trace -
) = silt, slight odor L
i § - 134.0 -~ 37.0 SaND: brown and 3

=) - Z{gray, fine, silty, slighcly 5 i

351 7. {clayey, wet, odor presant
] = TOTAL DEPTH 37.0 :

140
Dritlte¢ 8y _Hardin-Huber .

Logged By Peter J. Dougherty EE ENGINEERING

Client Atlantic ENTERPRISES, INC.
Job No.__ 522-239-00




) DRILLING LOG scetch Mep
Project Sun Philodeiphia Refinery Ownier_.Sun Compony, Inc. (R & M)
Location _ South Yard Permit No. _NA @
¥ell Number___5-95 Tatal Depth 30 H.  Diameter 10 in, N
Castng Elevation. 254 ft. ¥ator Level: Inittal 21 #, _Static22.01 ft.

-3 8
Soreen Dia.___ % .in Longth 15 f. Slot Sixe_0.02 in. %‘
Casing Dia, .+ in- Length 15 Type_Sch. 40 PVC \
852

Drilling Method Hofow—Stem Auger  gapple Method . Spfit~spoon .
TANK
gas

133815 H19Z

Completion Details 2 'ft. stick-up locking cap w/6 in. stesl protective casing

Drifler _B- L Myera Brothera, Inc. Log By, MDH Date 4/4/94
Depth | Sample Well oOVM Blow .
{fect) | No. | Coust. | (ppm) | Count Lithology
- b FILL —~ Limestone gruvel
— = T o LAY = Qrunge,/brown silty cloy, -
L‘- . e odor, dry
T T ,: — Same lithology,
5 | i Bk o 3.4.6,9 no odor, sfight incregse in moisture
S — et » ..
Oy N 1t
L R
10 — 'z z 1} 3,4,15 — Brown silty cloy,
Refusel no ocor, shghtly moist
T
SAND — Purpis coarsa sand and graoval,
— — some weathered small pebhbies
el D 6.18,18.12 — Gray poorly—sorted coarse sand,
some rounded cobbles and pebbles,
no ador, dry
—20——' 106 |a1s53268.2% ~ Some iithology, sorme iy clay,
siight odor, increase i moisture
SN U
Initio: groundwater sncouniered at 21 feet
SR o e e e
Static groundwater fevel at 22.01 faeet.
1
—23 — 623 5,6.8,7 — Same litholagy, some fine sones,
strong odor, very wet '

N

Page of




GCROUNDW., R & (] Vi

P
- DRILLING LOG - Sketeh Mep
i Project Sun_Philodelphig Refinery Owner Sun Compony, ine. (R & MY

Location .. South Yard Peymit No.__NA
Wel! Number__ 535 Total Depth_ 30 . Tiameter 10 o, N
Castng Rlevation 25:34 ft. Water Level: Inittat 21 ft,  Static2201 ft. 3

. . ) 858 =
Screen Dia.. 4 in. Langth 15 #, __ Siot Size_0.02 in % 1
Casing Die.___4 i Length _15 #, Type_Sch. 40 PVC STheer s
Drilling Method olow—Stam Auger gupp1e Method __Spiit—spoan s »

T
Completion Details 2 _ft. Stick—up locking cap w/6 in. steel protective casing 283
Driller _B. L Myers Brothers, Ine. Log By___vOH Date__ 3/4/94
Depth | Sample] Well OV Biow -
{feet) No. Comat. | {ppm) | Count Lithology

e i SAND ~ Running sands,
b o] 5 5 | very wet, strong odor .
T
L 30— 2 = 960 3,559

WELL COMPLETED AT 30 FEET.
S 1 S
L 1
i

—
I
I :

I
—
(I i 1

1]

Sage 2 of




hedemary

Groundwater & Environmental Services, Inc.

Project_Sun : Philadelphia Refinery Owner

Sun Company. Inc. (R&M)

Drilling

Lovation _3144 Passvunk Ave. Permit No. N/iA
Well number 5-98 Total Depih, 35 ft. Diameser 10 in.
Casing Elevation, 30.94 1. Water Level: fnitial 26 L Sewie 24,66 1
Sereen Dia, 4in, Length_ 200, Slot Size®020 in. PVC
Casing Dia 4in Length__15 ft TypePVC riser
Drilling Method _Hollow stem auser  sample Method __split-spoon
Completion Dewils Completed with sanitmry plug & iron stick-up with locking lid 1
Schuylkill Expy.
Dritter _B. L. Mvers Bros.. Inc, Loz By .E. Diiedzic Daref December 1993
Depth | Sample | Weli OVM Blow Lithology
(feer) | No. Const. { (ppm) Count
FAL - Clean Fill
e 0.0 - Brown sikt with §lI, dry, no odor
00 {2.5810 -
- — SAND - Gray silty sand, dry, no odor
33 5.4.7,9 - Grayish tan silty sand, poodly soried, dry. odor
1360 { 4.7.7.8 - Grzy sand, moist, odor
396 | 4.5.8,10 - Dark gray med. grained sand, stained, wet, odor
T 16 5.9 10 11} CLAY - Light tan clay, no odor, moist
4 6,9,6, 12 - Tan and brown interlayered clay, moist, no odor
10 9.9, 11,14 SILT - - Light gray and fight tan interlayered silt, moist,
T ' no odor ’ :
0.0 | 45,65 - Brown sandy silt with pebbles and organic
20 966 5044 remains, moist, slieht odor
— GRAVEL - Pebble size gravel (quartz and sandstone), dry,
786 Rt 13,14, 17 or
— . - Pebble size gravel in sandy matrix. moist, odor
el
| ssa 1020 | 9EB L o7~ Cobble sie smavel i sande matei. wen agor
1140 lnitial Water ar 26 fr
S— pi.19.22.2 - Interlayered pebbles, cobbles, and brown med.
1135 #9.22,24, 234 grained sand, saturated, odor
— 30— - .
- Poorly soried gravel and brown coarse sand, wer,
37 LELY odor
T No Recovery - Poorly sorted grayish brown coarse grained sand
I~ — 5 and gravel, wet, odor
— BORING COMPLETED AT 35 FEET
— 4() —
6




Groundwater & Environmental Services, Inc. , E:;"“g
oy
H Project_Sun : Philadelphin Refinery Owner—_Sun Company. lnc. (RM) _
s - AN,
Lovation _ 3144 Passvank Ave, Permit Mo, Nia -
Well aumber 3-99 Tosat Depth_33 fi Diameter__10 in. €ZON Ave.
_ South Yaury
Casing Blevation___ 26.051t. waer Levet: Initial 26 ft. Suatic 2431 fy un *
. : . Philadelphia Refinery
s Di 4in Length_ 20t 510 Sie0.020 in. PVC O D
creen Dia, : it ot SizetLik _ . 37 © E—
Casing Dia._ 1in, Length_ 15 fi T.'ypc PVYC riser N S:Q = |
Drilling Method _Hollow siem auger Sampie Method __solit-spoon g 3
i its Compleizd with sanitary plug & iron stick-yp with locking lid A !
Completion Details Compie p \ _6,_: Schuylall Expy.,
Dritter _B- L. Mvers Bros.., [nc. Log By E. Driedzic py.7 December 1993 &
Depth | Sample | well ovM Blow Lishology
(fest) | No. Const | (ppm) Count
FiLL - Clean Fill
EE— 0.0
SILT - Brown silt, dry, no odor
SAND - Tannish brown fine srained sand, well sorted, dry
T 30 14.12,12,10 staining, odor
s - Grayish brown fine grained sand, well sorted,
— 10— 119 [4,10,21,2¢ dry. édor
— - GRAVEL - Pebbic and cobble size gravel
- — SAND - Brownish tan finc grained sand with silt, dry,
3 §0.17,21,23 no odoc
) T - size eravel
e e | 9 SAND - Brown fine grained sand, moist, no odor
.
E — 20— 7,14, 17, 19y GRAVEL - Poorly sorted gravel with coarse grained sand,
: 49 moist. slight odor
— 3 114,21, 504" ——
’ SILT - Brown silt with pebbles and cobbles, no odor
T SS-1 156 S0/ GRAVEL - Pebbles and cobbies with brown coarse grained
— sos- L — — —samdmgistodor  _ __ _ _
Initial Water ag 26 - Same lithology, wel odor
— 30— : 9.12.11,17 - Gray poorly sorted gravet and coarse erained
L sand. wet, odor
! — . . . -
i : Z SAND - Light tannish grav cozrse srained sand with
B — —1 S§8-2 7.9.10, 14 pebbles. wet, odor. sheen on water
— BORING COMPLETED AT 37 FEET
e 40 —]
— —
; SR
3 S
b S0 —]
. T |
: ni} !




Groundwater & Environmental Services, Inc. Drilling
Project _Sun : Philadelphia Refinery.  QunerSun Company, Inc (REM)
Ave-
. Location __3144 Passvunk Ave. Permit No, N/A passyuok
: . . South Yard
Weil number S:100 Total Depth_33 ft. Di r_ 10in. Sun
) Phitadelphia Refd
Casing Elevation 29.08 fi. Water Level: Inidal 24 fi Swic 2339 L racer Sl nlcorir]
Screen Dia. 4in, Length 20 Mt siop S22e0.020 in. PVC
Casing Dia_. 4 in. Length_ 15 fi Type P¥Coriser ~
Drilling Method __Hollow stem auger Sample Method __split-spoon N 3
' Completion Details Comnleted with sanitary plug & iron stick-up with lockine lid & -
= Schuylkill Expy.
Driller __B. L. Mvers Bros.. inc. Log By E. Rzicdzic pal3 December 1993 &
Depth | Sampie | Well | OVM Blow Lithology
. {feer} | No. Const. { (ppm) Count
- FILL - Black sandy fill with brick and stone, dry.
— - no odor
[ - Brown silty fill, wet, no odor
I - 1.7 4,3,3,3 - Samge lithology, wet, no cdor
T : SILT : X :
} — 10 — - Greenish gray sandy silt, wet, odor
49 1 2,5,4.6
P . .
- . - 4 |5.10,12,17 - Brown, tan, and greenish gray clayey silt, dry,
R - ro odor
1 7.6.8,13 | CLAY - Gray and tan layered clay. rare pebbles. dry,
— no odor
.. . fnial Waier 21 24 f_ same fithology. wet, no odor
—  ~4 55 2 5.3,9%15 -
GRAVEL - Cobble size gravel
SILT
B — 30—
2 43,710 - Gray and 1an interiayered silt with pebbles and
— cobbles, wet, no odor
— — S§S-2 2 3,6,6.9 - Gray and 1an silt with some sand, wet, no odor
- BORING COMPLETED AT 37 FEET
p 1
== —
; 08




(Sl R
Groundwater & Environmental Services, Inc.
Project_Sun : Philadelphia Refinety  Owner Sun Company_ Inc. (R&M) /;"
i location _3144 Passvonk Ave, Permit No. N/A
Wil number __S-101 Total Dcmhnﬁﬂ_Dhnmu_.!_[l_iL South Yard cgon Ave,
- Sun
Casing Elevation_____J1.28 L Water Level: Initial 49 L Simic 47,4811 Philadciphl::; Refinery [
Screen Dia 4in. Length__ 200t Siox 5220020 38 PVC ¢ DE——
' _ — S-10tflll & w——
Casing Dia 4 in, Length_ 40 £t Type PYC riser ~ O
) ]
Drilling Method _Hollow stem auger Symple Method _splitspoon | W N
Completon Details Completed with sanitary plug & iron stick-up with Jockine fid \ 2 SChay il Expy
Drifter _B. L. Mvers Bros.. Inc, Log By E.Dricdzic pac0 December 1997 <
Depth | Samp