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1. Introduction

ARCADIS U.S., Inc. (ARCADIS) on behalf of ExxonMobil Environmental Services

(EMES) and ExxonMobil Corporation (ExxonMobil) is pleased to submit a Corrective

Action Plan (CAP) for the former Exxon station located at 143 Frederick Road,

Thurmont, Maryland. The Maryland Department of Environment (MDE) Case Number

assigned to this site is 9-0923-FR. A site location map is included as Figure 1, and a

site plan is included as Figure 2.

A Work Plan for Additional Assessment was submitted to MDE on 14 October 2008

(Kleinfelder 2008) that proposed the collection of additional site characterization data to

be used to evaluate potential modification to the current remedial strategy. In

correspondence dated 7 May 2009 a revised conceptual site model was requested by

MDE. Results of these activities were present in the Site Conceptual Model /

Characterization Report (SCM), submitted to MDE on 18 February 2010 (Kleinfelder

2010). Correspondence from MDE is included as Appendix A.

1.1 Site Description

A bank and parking area currently occupy the former Exxon site. The area surrounding

the property is a commercial and residential mix use. The property is bordered by

Frederick Road to the east, a restaurant to the north, a Shell gasoline station to the

south, and by US Route 15 to the west. Current site use is shown in Figure 2.

1.2 Site Background

In 1979 two underground storage tanks (USTs) located at the former Exxon Site failed

testing and four gasoline USTs located on-site were removed. No product loss was

reported. In 1985 site ceased gasoline retail operations and all USTs, dispensers, and

associated piping were removed from the property. The site was relocated across the

street to 140 Frederick Road.

In 1983 a MDE case was opened after dissolved hydrocarbons found in Thurmont

Municipal supply well located approximated 350 northeast of site. Soil borings

conducted during site investigation identified the abandoned tank field (across the

street) as the potential source area. A product recovery system was installed and

product recovery activities were initiated. In July 1988 through February 1990 and

again in October 1992 soil vapor extraction (SVE) activities were conducted utilizing a

catalytic oxidizer (Cat-Ox) to treat recovered soil vapors. In 1998 an independent
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groundwater treatment system was installed on recovery well RW-52 utilizing three 200

pound GAC units for groundwater treatment prior to discharge and in September 2000

a longer term SVE program was initiated.

A Work Plan for Additional Assessment was submitted to the MDE in October 2008 to

refine the site characterization and evaluate potential modifications to the current

remedial strategy. Site investigation activities were preformed in 2009. These activities

included a trial shut down of pumping on recovery well RW-52, groundwater

monitoring, downhole geophysical survey, pump testing, and a dual phase extraction

(DPE) pilot test. A SCM was submitted to MDE in February 2010.
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2. Conceptual Site Model

The geology and hydrogeology is based on investigative activities conducted by

previous consultants and groundwater results are from the most recent sampling event

conducted by ARCADIS in May 2011.

2.1 Geology and Hydrogeology

Previous subsurface investigations indicate mainly silt and clay overlying fractured

limestone. Historical boring logs are included in Appendix B.

Previous site conceptual models identify groundwater bearing zones described as

shallow, intermediate, and deep. Shallow groundwater has generally been reported at

depths ranging from just below the ground surface up to 30 feet bgs. Intermediate

groundwater appears to be present just above bedrock and ranges in depth from 30 to

50 feet bgs. Deep groundwater is characterized as groundwater below overburden and

within the bedrock.

Depth to groundwater was measured during the most recent groundwater monitoring

even in May 2011. Based on this gauging data, groundwater flow at the site appears to

be to the southeast (Figure 3).

2.2 Soil Quality

As reported in the SCM report, soil analytical samples collected in 2006 and 2009

showed no constituent concentrations above MDE Non-Residential Cleanup

Standards. A table from the 2010 SCM report summarizing historical soil analytical

data is included in Appendix B.

2.3 Groundwater Quality

As reported in the most recent groundwater monitoring report, groundwater samples

were collected in May 2011 and submitted to TestAmerica Laboratories of Nashville,

Tennessee for analysis of for analysis of full list volatile organic compounds (VOCs)

and fuel oxygenates using Environmental Protection Agency (EPA) Method 8260B,

and total petroleum hydrocarbons – gasoline range organics (TPH-GRO) and total

petroleum hydrocarbons – diesel range organics (TPH-DRO) by EPA Method 8015. No

LPH was detected during this reporting period. Data for this event is shown on Figures

3 and 4.
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Benzene, toluene, total xylenes, methyl tertiary butyl ether (MTBE), TPH-DRO, and

TPH-GRO were detected at concentrations exceeding MDE Groundwater (GW) Clean-

up Standards in samples collected from one or more wells:

 Benzene was detected at concentrations exceeding the MDE GW standard (5

µg/L) in 15 samples (MW-11, MW-14A, MW-51, MW-53I, MW-53S, MW-54D, MW-

55I, MW-54S, MW-55S, MW-55D, DPE-1, MP-1, MP-2, MP-3, and VW-1) with a

maximum concentration of 19,200 µg/L in the sample collected from MW-53S.

 Toluene was detected at concentrations exceeding the MDE GW standard (1,000

µg/L) in five samples (MW-53S, MW-55I, DPE-1, MP-1, and MP-2) with a

maximum concentration of 26,000 µg/L in the sample collected from MW-53S.

 Ethylbenzene was detected at concentrations exceeding the MDE GW standard

(700 µg/L) in six samples (MW-53S, MW-55I, DPE-1, MP-1, MP-2, and MP-3) with

a maximum concentration of 1,970 µg/L in the sample collected from DPE-1.

 MTBE was detected at concentrations exceeding the MDE GW standard (20 µg/L)

in seven samples (MW-53S, MW-53I, MW-55I, DPE-1, MP-1, MP-2, and MP-3)

with a maximum concentration of 761 µg/L in the sample collected from MW-53S.

 TPH-GRO was detected above the MDE GW standard (47 µg/L) in 17 samples

(MW-6, MW-11, MW-14A, MW-51, MW-53D, MW-53I, MW-53S, MW-54S, MW-

55S, MW-55I, MW-55D, DPE-1, MP-1, MP-2, MP-3, VW-1, and VW-2) with a

maximum concentration of 110,000 µg/L in the sample collected from MW-53S.

 TPH-DRO was detected above the MDE GW standard (47 µg/L) in 21 samples

(MW-5, MW-6, MW-11, MW-14A, MW-46, MW-48, MW-51, MW-53S, MW-53I,

MW-54S, MW-54D, MW-55S, MW-55I, MW-55D, DPE-1, MP-1, MP-2, MP-3, VW-

1, VW-2, and VW-3) with a maximum concentration of 9,210 µg/L in the sample

collected from MP-2.
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3. Proposed Corrective Actions

The objective of additional corrective action at the site is to remove remaining separate

phase hydrocarbons and show decreasing dissolved phase concentrations in

groundwater. The proposed corrective action includes additional multi-phase extraction

(MPE) pilot testing pursuant to an upgrade of the existing remedial system. The current

system will be shutdown during the pilot test and system upgrade activities.

3.1 Two Phase Extraction Pilot Test

A pilot test using Two Phase Extraction (TPE) is recommended to evaluate the

vacuum, air flow rate, extracted groundwater flow rate, petroleum mass removal rate,

and subsurface response (system influence) of operating a TPE system with the

stinger tube depth set to an appropriate depth to address highest impacted intervals

and maximize mass recovery.

TPE is proposed at the site because it has proven to be an effective technique for

remediation of groundwater impacted by petroleum hydrocarbons. TPE will be

conducted using an existing dual-phase extraction well. The on-site well DPE-1 is

located proximate to MP-1, MP-2, MP-3 and MW-53S. VW-01 is also close to DPE-1

and will be monitored for vacuum influence during the pilot test. The locations of the

above mentioned wells are shown on the site map.

The pilot study will consist of an 8-hour TPE test.

Pre-Test Baseline Data

Prior to conducting the TPE testing, ARCADIS will collect and record pre-test baseline

data from the observation wells mentioned above. The pre-test baseline data includes:

1. depth to water, wellhead pressure, and photoionization detector (PID) / lower

explosive limit (LEL) readings; and

2. distances from the wellhead of DPE-1 to the applicable monitoring points.

Two-Phase Extraction Tests

In general, the TPE test operations will consist of extracting vapor and groundwater

together through DPE-1 in a drop pipe with applied vacuum. A vacuum blower will be
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connected to the drop pipe to apply the vacuum. A commercially available well cap will

be used to connect the system piping and seal the well. The water will then be

collected in a 6,000 gallon tank and disposed of off-site. The vapor will be treated on-

site with a drum of granular activated carbon (GAC) drum (200 lbs) and vented to the

atmosphere. The TPE system will be operated using step increases in applied vacuum.

During each TPE test, the wellhead and blower vacuum will be recorded. A ball valve

on the blower dilution valve will be used to control the applied vacuum and airflow rate.

During the TPE tests, a vacuum will be induced in DPE-1, and the corresponding

vacuum, air stream temperature, and differential pressure at the Dwyer Series DS300

Flow Sensor will be recorded at least twice during each step interval of the test.

Corresponding air flow rates will be determined from the recorded data. Water flow

rates will be recorded via a flow meter. Total extracted water volume will be recorded

after each step interval. The average extracted water flow rates will be determined from

that data.

ARCADIS proposes the test will operate at an initial applied vacuum of 10 inches of

mercury. Applied vacuum increases will be performed until the vacuum required to

draw water from the drop tube installed at 25 feet below top of casing is determined.

Each step increase in applied vacuum at the wellhead will be approximately 5 inches of

mercury.

Once the required vacuum to draw water from the DPE well is determined, depth to

water and wellhead pressure readings for each TPE test will be recorded in the

observation wells listed above. Data will be recorded at the start of the test and at

approximately half-hour intervals for the duration of the tests. PID/LEL readings of the

DPE-1 air stream will also be collected at least once during each step interval of the

test.

Three air samples (beginning, middle, and end) will be collected during TPE testing.

The air samples will be submitted for laboratory analysis of VOCs and TPH using

USEPA Method TO-3.

Three groundwater samples (beginning, middle, and end) will be collected for analysis

of benzene, toluene, ethylbenzene, and total xylenes (BTEX) and MTBE using USEPA

Method 8021B, polynuclear aromatic hydrocarbons (PAHs) using USEPA Method

8270, chemical oxygen demand (COD) using EPA Method 410.1, total hardness (as

CaCO3) using EPA Method 130.1, total dissolved solids using EPA Method 160.1, and

iron using EPA Method 6010B. The samples will be collected within the first 30 minutes
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of pumping, during the step that is considered to be most representative of the final

design, and within 30 minutes of end of test.

TPE Pilot Study Goals and Objectives

 Calculate radius of influence estimates for vapor and groundwater recovery

 Determine minimum vacuum required to draw water from the impacted zone

 Identify soil gas flow rate and constituents of concern (COC) concentration data in

TPE air stream for the design of the TPE emissions treatment system

 Groundwater production volume and COC concentration data in extracted

groundwater for the design of the groundwater treatment system

The information from the Pilot Study will be used to prepare a CAP Addendum for

upgrades to the existing system. Remedial endpoints as described in Section 4 are

anticipated to be met following upgrades to the system.

3.2 Updated Groundwater Monitoring Program

ARCADIS requests a reduction of wells included in the quarterly sampling program.

This includes MW-6, MW-11, MW-13A, MW-46, MW-53D, MW-55D, VW-3, MP-1, MP-

3, and DPE-1. Wells proposed to be removed from the sampling program were

selected based on a review of historical data, spatial distribution, well screen intervals,

and well condition and age:

 MW-6 was installed in 1983 and is located in close proximity to MW-51, which was

more recently installed. Both monitoring wells are screened in the shallow zone.

Therefore it is recommended MW-6 be removed from quarterly sampling program.

 MW-11 has historically been dry and a soft bottom indicating potential sediment

has been observed. Therefore it is recommended MW-11 be removed from

quarterly sampling program.

 MW-13A was constructed with a 30-foot screen (5 – 35 feet below ground surface

[ft bgs]) and located near MW-54S and MW-54D, which were constructed with

screens in the shallow (13 – 18 ft bgs) and deep (31 – 42 ft bgs) water bearing
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zones, respectively. Therefore it is recommended MW-13A be removed from

quarterly sampling program.

 MW-46 was constructed with a 25-foot screen (5 – 30 ft bgs) and is located in

close proximity to MW-54S and MW-54D. Groundwater analytical results in

samples collected from MW-46 have historically been below MDE GW clean-up

standards. Therefore it is recommended MW-46 be removed from quarterly

sampling program.

 MW-53D is located in a cluster if with MW-53S and MW-53I. MW-53I was

constructed with a 5-foot screen (33 – 38 ft bgs) while MW-53D was constructed

with an open borehole (45 – 52 ft bgs). Additionally, groundwater analytical

concentrations in samples collected from MW-53D have historically been higher

than those in samples collected from MW-53I. Therefore it is recommended MW-

53D be removed from quarterly sampling program.

 MW-55D is located in a cluster with MW-55I and MW-55S. MW-55D was

constructed with a 100-foot open borehole (42 – 142) and historically groundwater

samples have been below the MDE GW clean-up standards for samples collected

from this well. Therefore it is recommended MW-55D be removed from quarterly

sampling program.

 VW-3 is located in close proximity to VW-1 and MW-5 and has historically had

concentrations below the MDE GW clean-up standards. Therefore it is

recommended VW-3 be removed from quarterly sampling program.

 MP-1, MP-2, MP-3, and DPE-1 are all located in close proximity to one another

and were constructed with similar screen intervals. Additionally, the field staff

reported an obstruction within the well casing of MP-3. Therefore it is

recommended MP-1, MP-2, and DPE-1 be removed from quarterly sampling

program.

The remaining 15 wells (MW-5, MW-14A, MW-48, MW-50, MW-51, MW-53I, MW-53S,

MW-54D, MW-54S, MW-55I, MW-55S, RW-52, VW-1, VW-2, and MP-2) would

continue to be sampled quarterly for BTEX and MTBE by USEPA Method 8260, TPH-

GRO and TPH-DRO by USEPA Method 8015.
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4. Remedial Endpoints

Remedial activities will be considered complete when defined remedial endpoints are

achieved. The baseline for comparison of remedial endpoints in the constituent mass

as reported in the SCM (Kleinfelder 2010). The following sections describe the

remedial endpoints for each phase of hydrocarbons. These endpoints are expected to

be achieved following upgrades to the system that will be proposed in a CAP

Addendum.

4.1 Liquid Phase Hydrocarbon Endpoint

MDE regulations require that all LPH be removed to the maximum extent practicable.

LPH has not been detected in site wells since December 2010, so this end point is

considered to have been achieved.

4.2 Dissolved Phase Hydrocarbon Endpoint

The MDE OCP guidance indicates that to achieve the site goal for dissolved phase

remediation, risks posed by the release must be removed, contamination migration

must be prevented, and asymptotic trend in dissolved-phase contamination must be

established. The purpose of the TPE pilot test is to reduce dissolved-phase

concentrations thereby preventing migration of contaminants and establishing long-

term declining trends in constituent concentrations.

The goal of this phase of remedial action is to reduce concentrations of benzene and

MTBE in groundwater samples from wells MW-14A, MW-53S, MW-54D, MW-55S, to

25% of their concentrations from the February 2010 SCM document (Kleinfelder 2010).

These wells were selected because the samples from these wells have reliable

historical records of data and also have the highest current concentrations of site

constituents. Demonstrating concentration decreases in samples from these wells will

be representative of decreasing concentrations for the entire site.

In order to demonstrate the dissolved phase hydrocarbon endpoint, groundwater

monitoring will continue for the scope requested in Section 3.4 with MDE approval.
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5. Monitoring and Reporting Schedules

The following schedules are proposed for the corrective action activities.

5.1 Corrective Action Implementation and Schedule

Remedial activities will begin to be implemented within 30 days of receiving final

approval of the CAP. If the CAP is approved in October 2011, then remedial activities

will begin by November 2011.

5.2 Reporting Schedule

A summary and evaluation report of TPE pilot testing activities and results will be

submitted 30 days after receipt of the final analytical results.

5.3 Schedule Summary

The following summarizes the project schedule assuming October 2011 CAP approval:

Date Field Event/Report

October 2011 Receive CAP approval.

November-December 2011 Perform Pilot Test

January-February 2012 Submit pilot testing report and CAP Addendum
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Appendix A

MDE Correspondence













Appendix B

Soil Quality Information



TABLE 2

HISTORIC SOIL ANALYTICAL DATA

FORMER EXXON FACILITY #25553
143 FREDERICK ROAD

THURMONT, MARYLAND

COLLECTION COLLECTION ETHYL- TOTAL TOTAL TPH TPH- TPH- 2-Butanone Isopropyl n-Propyl 1,2,4-Tri 1,3,5-Tri
SAMPLE YEAR DEPTH BENZENE TOLUENE BENZENE XYLENES BTEX MtBE GRO DRO Acetone (MEK) n-Butylbenzene sec-Butylbenzene benzene p-Isopropyltoluene Napthalene benzene methylbenzene methylbenzene

# (feet) (µg/kg) (µg/kg) (µg/kg) (µg/kg) (µg/kg) (µg/kg) (mg/kg) (µg/kg) (µg/kg) (µg/kg) (µg/kg) (µg/kg) (µg/kg) (µg/kg) (µg/kg) (µg/kg) (µg/kg) (µg/kg) (µg/kg)

UST Field 1989 Unknown ND ND ND ND BRL NS 69 NS NS NS NS NS NS NS NS NS NS NS NS

MW-53 2006 3-5 10.1 11 2.7 21.4 45.2 ND NS 35.2 48 83.9 ND ND ND 1.9 ND ND 2.6 4.5 3.3

MW-53 2006 18-20 39.4 2,450 3,470 17,200 23,159 ND NS 424 89 ND ND 1,490 488 964 361 4,190 3,390 22,700 6,510

MW-54 2006 5-7 2 17.2 5.1 19.3 43.6 ND NS ND NA 29.5 ND ND ND ND ND ND 1.1 4.5 1.7

MW-54 2006 15-17 ND ND 8.3 30.5 38.8 ND NS 37.1 NA ND ND 120 32.1 23.1 24.9 6 128 2,070 299

MW-54 2006 25-27 51.8 1,090 1,870 966 3,978 ND NS 396 NA 2,230 1,100 795 220 494 158 485 1,760 1,140 331

MW-55 2006 13-15 ND ND 153 779 932 ND NS 487 NA ND ND 417 61.8 117 63.9 749 422 2,790 948

MW-55 2006 21-23 6,510 81,700 35,700 163,000 286,910 ND NS 2,020 NA ND ND 4,750 1,630 5,010 1,170 11,400 17,100 110,000 32,700

MW-55 2006 35-37 160 790 242,000 90,200 333,150 ND NS 2,550 NA ND ND 6,500 2,270 6,710 1,700 14,200 23,900 157,000 46,600

SB-56 2006 13-15 ND ND ND ND ND ND NS ND ND ND ND ND ND ND ND ND ND ND ND

DPE-1 2009 19-21 17,700 192,000 74,300 325,000 609,000 290 NS 2,400 296 NS NS NS NS NS NS NS NS NS NS

MW-53 formerly known as MW-101
MW-54 formerly known as MW-102
MW-55 formerly known as MW-103
SB-56 formerly known as MW-104

NS - Not sampled for that constituent
BTEX = Benzene, Toluene, Ethylbenzene and Xylenes
MTBE - Methyl Tert-Butyl Ether
TPH = Total Petroleum Hydrocarbons
TPH-GRO = Total Petroleum Hydrocarbons - Gasoline Range Organics
TPH-DRO = Total Petroleum Hydrocarbons - Diesel Range Organics
Concentrations expressed in parts per billion (ppb)
Results reported on a dry weight basis.
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Drilling Company:
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Drill Rig Type:
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Depth to Bedrock:
Surface Elevation:
Water Level (Initial):
Water Level (Static):
Logged By (Geol.):

Permit No.:
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Notes:
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PID - Photoionization Detector
NA - Not Applicable
NS - Not Sampled
NM - Not Measured
MU - Meter Units
PP - Pocket Penetrometer Reading (tons/sq. foot)

BORING LOG

DPE-1

100736

Former Exxon Facility # 25553

ExxonMobil
Eichelberger

T. Coleman
Schramm 450

Air Rotary
Split spoon/Direct Push

10-20-09
10-27-09140 & 143 Frederick Rd, Thurmont, MD

29.5 feet
12 inches

Not encountered
0

3 feet
3 feet

M. Bauer

NA
NA

Ground Surface
Concrete

Fill
Concrete, brick, rock, sand, clay, crushed stone
Water entering boring at 3 feet

Fill
Large cobbles/boulders and concrete

Silt, gravel, sand, cobbles, boulders
*Logged from cuttings

MH
SILT, some sand and gravel, brown, wet, firm

ML
SILT, some sand and clay, trace fine gravel, brown, wet 
hard

Silt and clay, some gravel, cobbles, brown, wet
*Logged from cuttings

End of Borehole
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Ground Surface
Concrete

Fill
Rocks, concrete, sand, clay
Water in the fill

Fill
Concrete and boulders

ML
Silty CLAY, cobbles, and boulders, wet
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*Logged from cuttings
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