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1.0 INTRODUCTION

Environmental Alliance, Inc. (Alliance) of Hockessin, DE, on behalf of Carroll Independent Fuel
Company (CIFC), has prepared this Corrective Action Plan (CAP) Addendum for the Wally’s
Citgo (Site) located at 19200 Middletown Road in Parkton, Maryland. The Site is a retail
gasoline service station located at the intersection of Middletown Road and Rayville Road that
has been the subject of continuing environmental investigation activities under the oversight of
the Maryland Department of the Environment Oil Control Program (MDE). Refer to the Site
Location Map (topographic map) depicted on Figure 1-1 and Site Base Map depicted on Figure
1-2. On May 28, 2009 the MDE issued a directives letter to CIFC requesting that a CAP
Addendum for the Site be submitted by July 10, 2009, which was later extended to August 21,
2009 as approved by MDE in their July 23, 2009 letter to account for the timing issues associated
with property access, investigation work, remedial design work, information evaluation, and
report submittal (refer to MDE letters dated May 28, 2009 and July 23, 2009 attached in

Appendix I).

Site specific background information including Site description, historic investigation/Site
activities, historic pilot testing/remedial activities, geology/hydrogeology summary, and
soil/groundwater quality summary as well as risk assessment and remedial alternative analysis
for the Wally’s Citgo Site was provided in the CAP (Alliance; February 26, 2009) and will not be
reiterated within this CAP Addendum. This CAP Addendum provides the following information

towards implementing corrective action for the Site.

2 Borehole geophysical investigation and results for the potable wells at 1606, 1608, &
1612 Rayville Road properties per Borehole Geophysical Testing Work Plan
(Geophysical Work Plan) by Alliance; June 11, 2009 approved by MDE via letter dated
June 18, 20009.

¢ Groundwater modeling report detailing model construction to simulate Site conditions

and provide remedial design support work.
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® Soil vapor extraction (SVE) point installation and subsequent pilot test data as approved
in MDE’s May 2009 directive letter.

¢ Conceptual design of a phased groundwater pump and treat (P&T) remedial system to
address impacted groundwater. Design of a phased monitoring well network to evaluate
groundwater quality and P&T system operation.

¢ Conceptual design of an SVE remedial system to address residual gasoline hydrocarbon

impacts that were identified as part of the SVE Pilot Test.

Section 2.0 of this report presents the results of the borehole geophysical work. Section 3.0
provides the results of the SVE Pilot Test work. Section 4.0 presents the CAP includes the
conceptual design of the pump and treat system design, monitoring well network, and SVE

system design. Section 5.0 discusses CAP scheduling details.
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2.0 BOREHOLE GEOPHYSICAL ACTIVITIES

21 Borehole Geophysical Testing Preparation

Alliance secured signed access agreements for borehole geophysical testing on the 1606, 1608,
and 1612 Rayville Road properties prior to proceeding with activities presented in the
Geophysical Work Plan (refer to Figure 2-1 for locations). Maryland State Utility Locating
Service (Miss Utilities) was utilized to mark-out subsurface utilities prior to excavation to
unearth the potable well well-head at the 1606 Rayville Road property (top of well head was
reported to be four to five feet below grade (bg). On Friday June 26, 2009 a meeting at the 1606
Rayville Road property was held with the property owners of the properties schedule for
geophysical testing. The purpose of the meeting was to provide an overview of the activities to
be conducted and then meet with property owners individually to address property specific items
for geophysical testing implementation. The meeting was attended by property owners (Mr.
Martin, Mr. Belt, and Ms. Fissel), property owner’s counsel (Mr. Hill), CIFC (Mr. Childs),
CIFC’s counsel (Mr. Johansson), Alliance (Mr. Applebaum), and Alliance’s subcontractor
Carroll Water Systems, Inc. (Mr. Willet). Based on the meeting findings regarding the 1606
Rayville Road potable well location, Alliance contacted Baltimore County Department of
Highways on June 26, 2009 to confirm requirements for signs and flag personnel for partial road
closure. Alliance was informed that no permit was necessary for the activities to be conducted
and that one flag person with a “Work Area Ahead” (or equivalent wording) sign for each

direction of travel would be sufficient.
2.2 Potable Well Opening/Return to Service Activities

Carroll Water Systems, Inc. (Carroll Water) of Westminster, Maryland, under supervision of
Alliance personnel, conducted potable well opening for borehole geophysical testing on June 30,

2009 and returned the open potable wells back to service on July 1, 2009. The well opening
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activities proceeded per the Borehole Geophysical Work Plan beginning at 1612 Rayville Road
first, moving to 1606 Rayville Road, and finishing with 1608 Rayville Road.

Upon locating and excavating the well-head at 1606 Rayville Road using a backhoe (required
partial road closure with traffic control as noted in Section 2.1), Carroll Water attached a
sufficient length of steel well casing, welded the casing extension to the existing top of casing so
the re-worked well-head was above grade to bring the well head in compliance with Baltimore
County requirements as verbally agreed to by the property owner in the field and directed by
CIFC. During the excavation activities at 1606 Rayville Road, two concrete paving slabs were
disturbed when locating the well-head. Alliance has worked with the property owner towards
restoration of his property. No other property disturbances were noted by Alliance or the
property owners. The 1608 and 1612 Rayville Road property wells required standard pump and

piping removal prior to geophysical testing.

After completion of borehole geophysical testing (discussed in Section 2.3) at the potable wells,
Carroll Water completed the well and pumping system chlorination per county requirements for
potable well opening work. The chlorination of all three property water systems was completed
on June 30, 2009 so that all systems would remain chlorinated without use overnight (a time-
period greater than eight hours specified in the Borehole Geophysical Work Plan) and on July 1,
2009, Alliance and Carroll Water completed pump-off of chlorinated water from the potable
wells. The water pumped from each potable well was analyzed for chlorine in the field using a
Hach total chlorine Kit. Pump-off of water was discontinued after achieving chlorine

concentrations below 1 mg/L (EPA maximum contaminant level for chlorine).

The following are approximate volumes of chlorinated water removed from each well (total
volume 1,975 gallons), which was transported and disposed of by Water Depot (refer to disposal

documentation in Appendix II).
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¢ 1606 Rayville Road — 560 gallons
¢ 1608 Rayville Road — 585 gallons
¢ 1612 Rayville Road — 830 gallons

Once chlorinated water pump-off was completed, the potable wells were returned to full service.
After which, an outside hose bib with hose was turned on and allowed to run for approximately
30 and 60 minutes at the 1606 and 1612 Rayville Road properties, respectively. No hose bib was

located by personnel on-Site at the 1608 Rayville Road, thus no water was run from the residence

system at this property.
2.3 Borehole Geophysical Testing

Borehole geophysical testing was conducted on June 30, 2009 by ARM Geophysics (ARM) of

Hershey, Pennsylvania under the supervision of an Alliance geologist. The geophysical testing
was initiated immediately after all down-hole equipment within a potable well was removed by
Carroll Water. The geophysical testing was implemented per Borehole Geophysical Work Plan

with a brief summary of the activities conducted in the field discussed below.

The potable wells geophysical testing started with 1612 Rayville Road, followed by 1606
Rayville Road and finishing with 1608 Rayville Road. The geophysical tools used at each
potable well location consisted of an optical televiewer (OTV); an electrical log tool (includes
natural gamma, fluid temperature, fluid resistivity, short & long resistivity, spontaneous
potential, and single point resistance); caliper and acoustic televiewer (ATV). Decontamination

of all down-hole equipment was performed between each potable well.

Due to the late delivery of the ATV tool to the Site and completion of geophysical testing with all
other tools at 1612 Rayville Road, ARM mobilized to 1606 Rayville Road to initiate geophysical
testing with the OTV tool. Upon ATV tool delivery to the Site, ARM completed OTV testing at
1606 Rayville Road and returned to 1612 Rayville Road to implement ATV testing. With the

2-3 ENVIRONMENTAL

X LLIANCE



completion of all geophysical testing at 1612 Rayville Road, ARM mobilized back to 1606
Rayville Road to complete all geophysical testing at that location.

A detailed description of the geophysical tools used (including data type generated), presentation
of the geophysical logs for each potable well, and a data summary with interpretation of the
geophysical data (inclusive of geophysical data from 2006) is presented in ARM’s August 3,
2009 letter report (August 2009 letter report) attached as Appendix ITI. The 2006 geophysical
testing results were presented in the Results of Geophysical Well Logging letter report (ARM;
November 7, 2006), which was included as Appendix III in the Hydrogeologic Investigation
Update Report and Work Plan (Alliance; February 6, 2007) submitted to MDE. ARM has also
provided geophysical data interpretation using only potable well data (ARM supplemental
evaluation), which is also attached in Appendix III. A summary evaluation review of all

geophysical data generated for the project is provided in Section 2.3.1.
2.3.1 Geophysical Data Evaluation

Fractures, which are typically a primary groundwater producing structure in a schist bedrock
aquifer system, were identified in the three potable wells (1606, 1608, and 1612 Rayville Road
on June 30, 2009) and six monitoring wells (MW-7A, MW-7B, MW-8A, MW-8B, MW-9A, and
MW-9B on September 18 and 19 and October 13, 2000) tested. Foliations identified in the
potable and monitoring wells are the alignment of minerals in metamorphic rocks into potential
cleavage, which may provide a preferred direction for fracturing. The depth of the geophysical
data collected below well casing at the nine wells tested range from 23 feet (1612 Rayville Road)
to 242 feet (MW-7B and MW-9B) bg.
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2.3.1.1 2006 Geophysical Data

ARM interpretation of the 2006 geophysical data indicated the following.

¢ Groundwater flow would be primarily influenced by the observed fractures and foliation.

& No significant hydraulic connection (vertical flow) between any water producing zones
penetrated by the tested wells.

@ Well MW-9B is the only well showing data deviations that would suggest the potential
presence of water bearing zones. These zones were identified at 99, 141, 186, and 220

feet bg however, the yield of water production could not be attained by the testing.

Alliance’s review of the 2006 geophysical data indicated additional data deviations that may also
be considered water bearing zones in addition to those noted by ARM. These zones noted by
Alliance correlating with identified fractures and/or foliations were identified at: MW-7A (46
and 51 feet bg), MW-8A (48, 53, and 62 feet bg), MW-8B (85 and 94 feet bg), and MW-9A (51
and 56 feet bg). Note only caliper and OTV logs were conducted at MW-7B due to the lack of
groundwater in the well; therefore no comparison of data deviations using the electrical logs is
possible. However, the observance of only two fractures at 101 and 216 feet bg in MW-7B and
limited groundwater production observed indicates minimal groundwater production zones

below 70 feet bg in the MW-7A and MW-7B area.

The planar features identified by 2006 geophysical testing indicated mean foliation and fracture
orientation trends shown in Table 2-1 below. Refer to ARM’s November 7, 2006 letter report
(November 2006 letter report) presented in Appendix Il and Section 3.2 in Hydrogeologic
Investigation Update Report and Work Plan dated February 6, 2007 by Alliance for details.
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Table 2-1
2006 Geophysical Data Mean Planar Feature Orientation
Planar Features Dip (deg) Dip Direction (deg) Strike/Dip
Foliations 24 291 N21E/24NW
Fracture Set #1 20 300 N30E/20NW
Fracture Set #2 56 293 N23E/56NW

From the mean of the 2006 geophysical data, the overall trend for all planar features identified is

a strike orientation of northeast-southwest with a dip orientation to the NW.

2.3.1.2 2009 Geophysical Data

Construction details for the three potable wells tested are presented in Table 2-2 below.

Table 2-2
Potable Well Construction
Property Pump Set Depth | Steel Casing Bottom | Well Bottom Depth
(ft. bg) Depth
1606 Rayville Road 110.3 27 135.7
1608 Rayville Road 79 44 84.7
1612 Rayville Road 95 23 114

The construction details of the three potables wells are similar to monitoring wells installed for

the Site in terms of depth and length of open borehole.

From ARM’s interpretation of the 2009 geophysical data, water bearing zones were interpreted at
1606 Rayville Road (43, 59, 62, and 74 feet bg), 1608 Rayville Road (45, 60, and 66 feet bg),
and 1612 Rayville Road (63, 70, and 83 feet bg). In addition to the water bearing zones

interpreted by ARM, Alliance has also noted what may be potential minor water bearing zones

associated with fractures at 1606 Rayville Road (approximately 98 and 113 feet bg) and 1612

Rayville Road (approximately 96 and 101 feet bg).
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The planar features identified by 2009 geophysical testing indicated mean foliation and fracture

orientation trends shown in Table 2-3 below.

Table 2-3
2009 Geophysical Data Mean Planar Feature Orientation
Planar Features Dip (deg) Dip Direction (deg) Strike/Dip
Foliations 29 281 NI11E/29NW
Fracture Set #1 24 286 NI16E/24NW
Fracture Set #2 85 237 N33W/855W

The 2009 geophysical data for the potable wells is comparable to 2006 geophysical data of the
Site monitoring wells for mean planar feature orientation for foliations and fracture set #1 (low
angle populations) with strike orientation (from dip direction using right hand rule) northeast-

southwest and a northwest dip.

In order to provide a more statistically viable evaluation of the geophysical work conducted to
date to be representative of the fractured bedrock in the area, ARM combined the data from the
2006 and 2009 geophysical testing events in the August 2009 letter report (refer to Appendix IIT).
The planar features identified by 2006 and 2009 geophysical testing indicated mean foliation and

fracture orientation trends shown in Table 2-4 below.

Table 2-4
Combined (2006 & 2009) Geophysical Data Mean Planar Feature Orientation
Planar Features Dip (deg) Dip Direction (deg) Strike/Dip
Foliations (44") 27 281 NI1E/27NW
Fractures (82") 34 284 NI14E/34NW

~=Number of planar feature

The combination of planar structures identified by the combined geophysical work conducted
show a mean foliation and {racture strike orientation of northeast-southwest with dip to the

northwest.
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2.4  Geophysical Testing Conclusions

To summarize, the following can be concluded from the geophysical testing data for the Site.

¢ Potable well construction of the 1606, 1608, and 1612 Rayville Road properties is similar
to the monitoring well specifications for the Site.

¢ The combined 2006 and 2009 geophysical data set is consistent with 2006 geophysical
data set.

¢ Interpreted potable well water bearing zones are consistent with interpreted water bearing
zones intercepted by monitoring well network.

¢ A higher frequency of fracturing with interpreted water bearing zones was observed
between approximately 40 to 80 feet bg with a reduced frequency of interpreted water
bearing zones observed with increasing depth.

¢ Of the 28 fractures interpreted as being water bearing zones (regardless of depth), the
majority of these fractures (i.e., 18) showed a northeast-southwest strike trend. The
remaining 10 fractures showed a northwest-southeast strike trend).

® Geophysical data supports the geological/hydrogeological setting of Site conceptual

model.

Overall, the geophysical data evaluation shows a mean northeast-southwest strike trend with a
northwest dip trend of the bedrock structure. The mean northeast-southwest strike orientation of
fractures and foliations noted by the geophysical data is supported by the pump test results
presented in the Pump Testing Report (Alliance; July 30, 2007). The pump test results showed
drawdown contours to exhibit a radial pattern with an extensive drawdown cone of depression
centered at pumping well MW-10A. The drawdown contours are slightly elongated to the
northeast and southwest, suggesting a horizontally anisotropic aquifer. This northeast-southwest
elongation of the drawdown cone of depression is consistent with the mean strike orientation of

the bedrock fractures and foliation.
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The reduction of potential water bearing zones with increased depth interpreted from the
geophysical testing is supported by packer test data presented in the Hydrogeologic Investigation
Update Report, Groundwater Delineation Work Plan, and Soil Alternative Corrective Action
Plan (Alliance; June 15, 2007). The packer test data showed little to no presence of groundwater

with increasing depth based on:

¢ Inability of isolated fracture zones at depths greater than 70 feet bg to accept water added
as part of aquifer (slug) testing (water level would show little to no decrease over time).

¢ Attempts to purge isolated zones at depths greater than 70 feet bg resulted in dewatering
the groundwater column below the top packer to just above top of pump with little

(typically less than 0.2 gallons per minute) to no recovery of groundwater.
This structure trend in conjunction with current chemical characterization data that continues to

show MTBE mass of contamination to trend towards the southwest on-Site and off-Site,

indicates the developed Site conceptual model is valid.
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3.0 SVE PILOT TEST

In the May 28, 2009 MDE directives letter, the MDE approved proceeding with SVE pilot test
activities proposed in the February 2009 CAP. This section presents the SVE pilot test activities

conducted and their results.
3.1 SVE Point Installation

Before initiation of SVE point installation activities, the State subsurface utility mark-out service
(Miss Utility) was contacted to identify public utilities at the Site and surrounding areas. As the
SVE points were to be constructed above groundwater, no well permits were necessary from the
Baltimore County Health Department. Four points were installed June 15, 2009 using the air
rotary drilling technology (Schramm T450W drill rig) by Eichelbergers, Inc. under the
supervision of an Alliance geologist. SVE points SVE-1 through SVE-4 were installed at the
four sides of the existing underground Storage Tank (UST) field to evaluate the potential for
SVE to address the potential presence of adsorbed or vapor phase contaminants in the
unsaturated zone beneath the depth where soil was excavated as part of the 2008 UST removal
and replacement. The four SVE points were all constructed using 4-inch diameter schedule 40
PVC casing and 0.01-inch screen to the completion depth of 37 feet bg. The annulus of each
point was constructed using #2 gravel pack, hydrated bentonite hole-plug, and cement in which a
flush-mount manhole was installed. Refer to Figure 1-2 for point locations and Appendix IV for

soil boring/well logs providing field observations and point construction details.

Drill cuttings were screened during point installation with a photo-ionization detector (PID).
Field screening PID results presented in the soil boring/well logs for each point were below
instrument detection (<0.1 ppmv PID units) with the exception of the 29 to 30 foot bg at SVE-1
(0.5 ppmv PID units). Note that this depth correlates with the saprolite/schist interface identified
during drilling. Drill cuttings were collected, and placed into drums (19 drums total), for off-Site

disposal through Subsurface Technologies, Inc. of New Windsor, Maryland to Clean
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Venture/Cycle Chem of Lewisberry, Pennsylvania (refer to Appendix II for disposal

documentation).
3.2 SVE Pilot Test Activities

The SVE test was conducted at soil vapor extraction points SVE-1, SVE-2, SVE-3, and SVE-4
as per the work scope presented in the February 2009 CAP. In addition to these four locations,
monitoring well MW-5 was also evaluated as part of the pilot test. Soil vapor extraction points
were installed to a depth of 37 feet bg and screened up to 22 feet bg, while monitoring well MW-
5 is installed to a depth of 50.5 feet bg and screened up to 20 feet bg. The test was conducted by
connecting a 5 HP regenerative blower to each point, individually, and operating the blower at
various vacuums and flow rates. While operating the SVE pilot test equipment, vacuum
responses were measure at Site monitoring wells MW-1, MW-2, MW-3, MW-4, MW-5, and
each of the three remaining SVE monitoring point not being used as an extraction point at that
time. Note, while Alliance attempted to collect vacuum response data from MW-1, MW-2, MW-
3 and MW-4, the construction of these wells precluded the collection of representative and
consistent data. The screened interval of each of these wells starts at a depth at or below the total
depth of the pilot SVE points (i.e., 37 feet bg). The pilot test piping included necessary
instrumentation, valves and access ports to allow for the control and measurement of flow rate
and vacuum. The flow rate of gas in the piping was measured using a Kurz hot wire anemometer
and vacuums were measured using a Magnahelic gauge. Hydrocarbon concentrations were
monitored with a MiniRAE photoionization detector (PID) and a Tedlar bag sample of the
extracted soil gas was collected during the pilot test from each test point for laboratory analysis
of total petroleum hydrocarbons (TPH) (C; through C,4 and Cg4 through C o) and benzene, toluene,
ethylbenzene and total xylenes (BTEX) and methyl tertiary-butyl ether (MTBE).
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3.2.1 SVE Pump Test

As discussed above, the pilot test was conducted by operating the SVE blower at varying
vacuums and flow rates at each of the five locations evaluated. At each vacuum applied to the
SVE point, the flow rate of soil gas extracted was measured. A plot of flow rate versus vacuum
provides the specific capacity for soil vapor extraction for the Site, and is used for specification
of the soil vent blower. Table 3-1 summarizes the data collected from each location evaluated

during the SVE pilot tests.

The plot of the pump test data for each pilot test point should show a linear relationship between
the flow rate extracted and vacuum applied. This plot is presented as Figure 3-1 — SVE Pilot
Test Air Flow Graph. As indicated in Figure 3-1, the plot of flow rate versus vacuum correlates
very closely to a straight line. The correlation coefficients for these data range from 96.22% to
99.96%. Thus, one may reasonably predict the flow rate one may extract at a given vacuum from

a given location.
3.2.2 SVE Radius of Influence

While operating the SVE pilot test equipment at each of the individual vacuums and flow rates
described above, the vacuum response was measured in each of the monitoring points and
monitoring wells installed surrounding the pilot test points. The vacuum response data from all
of the operating vacuums tested are presented in the following tables along with the distance each

monitoring point was from the pilot test point.

The vacuum response data collected from the pilot test is presented below in Table 3-2 through

Table 3-6.
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Table 3-2
SVE-01 Radius of Influence Data
Monitoring Thgtunce "
: from SVE- Vacuum Influence (""H,0)

Point 01 (ft) 20"H,0 | 30"H,0 | 40"HL,O | 60"H,O | $0"H,O
SVE-02 40 -0.08 -0.14 -0.18 -0.28 -0.34
SVE-04 40.9 -0.16 -0.28 -0.22 -0.58 -0.76
SVE-03 59.8 -0.06 -0.1 -0.12 -0.26 -0.3
MW-05 74.7 0 -0.2 -0.28 -0.4 -0.6

Table 3-3
SVE-02 Radius of Influence Data
Monit_oring Distance from Vacuum Influence ("H,0)

Eoint SVE-2(1) ™ 0vH,0 | 40"H,0 | 60"H,0 | 80"H,0
SVE-03 33.1 -0.06 -0.2 -0.3 -0.42
SVE-01 40 -0.04 -0.06 -0.1 -0.16
SVE-04 59.6 -0.02 -0.06 -0.1 -0.16
MW-05 98.1 0.0 0.0 0.0 -0.12

Table 3-4
SVE-03 Radius of Influence Data
Monitoring Point Dés\t]gf]g tgf{:)m Vacuum Influence (""H,0)
20"H,0 40 "H,0 80 "H,O
SVE-02 33.1 -0.04 -0.1 -0.26
SVE-04 50.5 0.0 -0.04 -0.14
SVE-01 59.8 0.0 -0.04 -0.10
MW-05 87.9 0.0 0.0 0.0
Table 3-5
SVE-04 Radius of Influence Data
Monitioring Distance from Vacuum Influence ("H,0)

Foimt SVEMAM) 50m0 | 40"H,0 | 60"H;0 | 80"H,0
MW-05 38.1 -0.22 -0.68 -1.0 -1.4
SVE-01 40.9 -0.12 -0.34 -0.52 -0.70
SVE-03 50.5 -0.04 -0.20 -0.30 -0.48
SVE-02 59.6 0.0 -0.08 -0.38 -0.38
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Table 3-6
MW-05 Radius of Influence Data

Monitoring Point Thstame fl;)m Ll Vacuum Influence ("H;0)
xe 20"H,0 60 "H,O
SVE-04 38.1 -0.28 -0.7
SVE-01 74.7 -0.17 -0.28
SVE-03 87.9 -- -0.1
SVE-02 98.1 -0.32 -1.0

Determination of the soil vent radius of influence typically involves plotting the log;, of the

vacuum response at the monitoring probes versus the distance of the monitoring point from the

extraction point at each operating vacuum. This was done for each of the pilot tests completed at

each location. For pilot tests completed in a uniform homogeneous environment, one can

produce radius of influence graphs with a linear response with a high degree of correlation.

However, in a more heterogeneous environment, such as weathered and/or fractured bedrock (as

is present at this Site), the result can be less uniform. The following briefly discusses the results

of the pilot tests at each location.

Figure 3-2 presents the plotted data for the pilot test completed at SVE-01. As indicated
on this figure, the data does not correlate closely to a straight line for any of the operating
conditions tested. However, the empirical data collected (as presented in Table 3-2
above) demonstrated that meaningful vacuum influences (i.e., vacuums exceeding 0.1
inch of water) were measured at each of the monitoring locations, especially at the higher
operating vacuums (i.e., greater than 40 inches of water operating vacuum).

Figure 3-3 presents the plotted data for the pilot test completed at SVE-02. This figure
demonstrates a more typical graph of influence results, with the measured vacuum
influence decreasing with increasing distance from the test location. Using 0.1 inch of
water as the indication of vacuum influence, the predicted radius of influence ranges from
approximately 25 feet at an operating vacuum of 20 inches of water to over 100 feet at an
operating vacuum of 80 inches of water.

Figure 3-4 presents the plotted data for the pilot test completed at SVE-03. As with the

results for SVE-02, this figure demonstrates a more typical graph of influence results;
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with the measured vacuum influence decreasing with increasing distance from the test
location (data was available for two operating conditions). Using 0.1 inch of water as the
indication of vacuum influence, the predicted radius of influence ranges from
approximately 30 feet at an operating vacuum of 40 inches of water to approximately 75
feet at and operating vacuum of 80 inches of water.

¢ Figure 3-5 presents the plotted data for the pilot test completed at SVE-04. As with the
results for SVE-02 and SVE-03, this figure demonstrates a more typical graph of
influence results, with the measured vacuum influence decreasing with increasing
distance from the test location. Using 0.1 inch of water as the indication of vacuum
influence, the predicted radius of influence ranges from approximately 40 feet at an
operating vacuum of 20 inches of water to approximately 80 feet at and operating vacuum
of 80 inches of water.

® Figure 3-6 presents the plotted data for the pilot test completed at MW-5. Only the data
collected at an operating vacuum of 60 inches of water produced a typical response of
decreasing vacuum with distance from the pilot test point. Using 0.1 inch of water as the
indication of vacuum influence, a radius of influence of approximately 90 feet was

measured at the operating vacuum of 60 inches of water.
3.2.3  Air Emissions Moniforing

During the course of the SVE test, VOC concentrations in the extracted air were monitored with
a PID and a Tedlar bag sample was obtained from each pilot test point. Table 3-7 and Table 3-8
present the PID response data and air bag laboratory analytical table below for each pilot test

point.

The data indicates that minimal gasoline constituents were recovered during the SVE process on
pilot test points SVE-01, SVE-02 and SVE-03. Higher concentrations of gasoline constituents
were reported for the gasses extracted from SVE-04 and MW-5. In particular, benzene and

MTBE were not detected in any of the tedlar bag samples collected. The dominant hydrocarbons
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detected were identified in the C4 to C10 hydrocarbon range, at a maximum concentration of 694

mg/m’ from MW-5.

Based on the air bag data and the flow rate at which the SVE system was operating when the air
bag sample was collected, the mass extraction rate for SVE-01 was approximately 0.023 pounds
of gasoline per day, SVE-02 was approximately 0.065 pounds of gasoline per day, SVE-03 was
approximately 0.084 pounds of gasoline per day, SVE-04 was approximately 2.93 pounds of
gasoline per day, and MW-05 was approximately 1.58 pounds of gasoline per day. Appendix V

contains the laboratory report for the Tedlar bag analysis.

The highest, and most meaningful, concentrations of hydrocarbons were measured at SVE-04
and MW-05. SVE-04 is located on the north side of the former tank field. MW-05 is located
approximately 50 feet to the north of SVE-04. MW-05 has historically reported elevated
concentrations of gasoline hydrocarbons in the groundwater sampled from this well. During the
installation of MW-5, the supervising geologist noted the presence of gasoline odors and PID
responses were also reported. Thus, the reported presence of gasoline hydrocarbons in the soil
gasses extracted during the pilot tests completed on SVE-04 and MW-05 are consistent with the
presence of gasoline hydrocarbons in the unsaturated zone from the former tank field towards

MW-05.

Based on the results of the SVE pilot study, the conceptual design of a full scale SVE system is

described in Section 4.0.
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TABLE 3-1
SVE Pilot Test Flow Data
Wally's Citgo
Parkton, MD

Applied Vacuum (Inches of H,0)

20 | 30 | 40 | 60 | 80

Average Flow Rate (SCFM)

Location

SVE-01 15.27 24.00 32.36 46.54 62.54
SVE-02 10.18 -- 14,91 24.72 35.63
SVE-03 6.54 -- 10.91 -- 27.63
SVE-04 9.45 -- 32.00 53.81 65.45
MW-05 8.73 -- -- 25.45 --

JA\EAI_files\PCG\Carroll Fuel\1962_Wallys\Reporting\CAP Addendum\CAP Addendum Section 3.0 Tables.xls
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TABLE 3-7

SVE Pilot Test PID Response Data

Wally's Citgo
Parkton, MD
SVE-01 SVE-02 SVE-03 SVE-04 MW-05
Vacuum| Flow Average PID Flow |Average PID| Flow | AveragePID | Flow [ AveragePID| Flow | Average PID
(“H20) | (SCFM) (PID Units) (SCFM) | (PID Units) | (SCFM)| (PID Units) | (SCFM)| (PID Units) | (SCFM)| (PID Units)
20 15.27 0.0 10.18 0.0 6.54 0.0 9.45 115.6 8.73 137.2
30 24 0.0 - - - - - - -- -
40 32.36 0.0 14,91 0.0 10.91 0.0 32 72.2 -- --
60 46.54 0.0 24.72 0.0 - - 53.81 126.9 25.45 248.3
80 62.54 0.0 35.63 0.0 27.63 0.0 65.45 92.8 -- --
ENVIRONMENTAL
Page 1 of 1 \LLIANCE
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TABLE 3-8

SVE Pilot Test Laboratory Analytical Data

Wally's Citgo
Parkton, MD
Anal SVE-01 SVE-02 SVE-03 SVE-04 MW-05
navte (mgm®) | (mgm®) | (mgm?) | (mgm® | (mgm?)
Benzene <0.65 <0.65 <14 <0.62 <0.65
Ethylbenzene <0.88 <0.88 <19 4.86 8.83
Toluene 4.21 <0.77 <1.7 46.7 83.5
m&p-Xylene <1.8 <1.8 <3.8 34.9 76.8
0-Xylene <0.88 <0.88 <1.9 13.2 26.9
Total BTEX 4.21 <4.98 <10.7 99.66 196.03
MTBE <0.73 <0.73 <1.6 <0.7 <0.73
THCasC,-C, 4.11 6.89 5.04 5.14 <3.1
THC as Gas 43.4 20.4 33.9 499 694
J\EAL files\PCG\Carroll Fuel\1962_Wallys\Reporting\CAP Addendum\CAP Addendum Section 3.0 Tables.xls Page of 1
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SVE Pilot Test Air Flow Graph

Figure 3-1
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Figure 3-2
SVE-01 Soil Vapor Extraction
Vacuum Influence Graph
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Figure 3-3
SVE-02 Soil Vapor Extraction
Vacuum Influence Graph
Wally's Citgo
Parkton, MD
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Figure 3-4
SVE-03 Soil Vapor Extraction
Vacuum Influence Graph
Wally's Citgo
Parkton, MD
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Figure 3-5
SVE-04 Soil Vapor Extraction
Vacuum Influence Graph
Wally's Citgo
Parkton, MD
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Figure 3-6
MW-05 Soil Vapor Extraction
Vacuum Influence Graph
Wally's Citgo
Parkton, MD
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4.0 CORRECTIVE ACTION PLAN

As described in the February 2009 CAP for the Site, both pump and treat and SVE were selected
as recommended remedial techniques to explore further. The February 2009 CAP presented a
conceptual design for a pump and treat system and described additional work that should be
performed before finalizing the design and installation of the full scale system. MDE’s May 28,
2009 directive letter requested further additional work be performed prior to implementing any
remedial actions. As a result of this work, and further discussions with MDE, the conceptual
design of the pump and treat system has been refined and is presented in this section. Further, as
described previously, the SVE pilot test did produce recoverable hydrocarbons from the
unsaturated zone in a limited area of the Site. As such, a full time SVE system will be installed

and operated as part of the CAP.

The selected remedial techniques are applicable for addressing the impacted subsurface
environment based on the developed Site conceptual model. The conceptual model for the Site
was be supported by physical and chemical characterization data and other information collected

through July 2009. A summary of the Site conceptual model is provided below.

Petroleum contaminants dispersed from the Site underground storage tank (UST) system through
the subsurface environment generally follows the path of water (i.e. precipitation infiltration)
downward through the regolith material to intercept the groundwater system. As there are no
known utilities in the area of the UST system below an approximate three foot depth, the
movement of petroleum constituents below this depth would not be affected by subsurface
utilities. The permeability of soil and saprolite comprising the regolith in the Site area would
likely cause increased lateral dispersion of the petroleum constituents. However, the overall
movement of constituents would follow a downward path to the underlying schist bedrock as no
groundwater is shown to collect in the regolith. Upon encountering the reduced permeability of
the schist bedrock, the petroleum constituents would collect and/or disperse along the bedrock
surface while also penetrating into bedrock fractures/bedding planes/foliations. The petroleum

constituents would follow these preferential pathways vertically and laterally through the bedrock
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with negligible penetration of the constituents through the bedrock matrix material (primary

porosity).

Upon encountering groundwater stored in the fractures/foliation partings of the bedrock
(secondary porosity features), the petroleum constituents would continue to disperse through the
bedrock groundwater system. The orientation of the bedrock secondary porosity features in
conjunction with the natural vertical and horizontal hydraulic gradients would control the flow of
contaminants through the groundwater system. Operation of potable wells in the Site area would
locally draw groundwater along the secondary porosity features, diverting the flow of
groundwater from the natural direction (believed to be gravity controlled by the general
topographic gradient of the area). Consistent demand of bedrock groundwater from the limited
storage available to the potable wells would limit lateral dispersion of the petroleum constituents
outside the secondary porosity features. The potable wells along the identified preferred
groundwater flow orientation of fracture strike would acts as sumps collecting groundwater.
Potable wells outside of the secondary porosity orientation would likely draw groundwater from
areas other than impacted groundwater from the immediate Site area. Therefore, a potable well
at distance from the Site and/or outside of the secondary porosity orientation would be less likely
to draw impacted groundwater from the Site. The vertical distribution of the impacted
groundwater in the aquifer system would likely be limited too, as minimal groundwater bearing

zones have been identified at depth in the bedrock (i.e., below 120 feet).

Based on the above conceptual model for the Site, the work associated with the implementation
of both the pump and treat system and the SVE system proposed for the Site is described in the

following sections.
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4.1 Discussion of Groundwater Pump and Treat and Soil Vapor Extraction

4.1.1 Pump and Treat Technology

Pump and treat typically involves the placement of vertical pumping wells, horizontal pumping
wells, or pumping trenches within the source area of a contaminant plume to capture
contaminated groundwater and mitigate further migration to potential down gradient groundwater
receptors. Pump and treat is typically considered a reliable and trusted technology for
intercepting contaminated groundwater. The extracted groundwater is then treated ex-situ
through one of a variety of methods. The treated groundwater can then be either re-injected into
the aquifer to further enhance aquifer remediation or discharged to a surface water body or storm
drainage feature. The re-injection of the treated water is also a method to promote the
sustainability of the remedial design by minimizing the wasted water resource that can assist in
protection of a low yield aquifer during high use periods as compared to direct discharge to a
surface water body. The performance of a pump and treat system can be monitored in a

relatively simple fashion by measuring hydraulic heads and groundwater concentrations.

4.1.2 SVE Technology

SVE is a technique whereby VOCs are extracted from unsaturated soil by inducing a vacuum and
extracting soil-gas from the subsurface. This process physically captures volatilized constituents
that migrate to the vadose zone. The permeability of the vadose zone material controls the
effectiveness of air flow through an SVE system. Higher permeability soils are generally more
effective for the application of an SVE system. The primary advantage of this remedial option
for this specific Site is that gasoline is a petroleum product that is naturally very volatile.
Gasoline is composed of individual chemicals that have a relatively low molecular weight and a
high vapor pressure. Therefore, gasoline releases are most favorably treated by remedial

alternatives that exploit the volatile nature of the gasoline to remove it from the subsurface soil.
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4.2 Conceptual Design of Pump and Treat System

4.2.1 Recovery Well Placement

The conceptual design of the pump and treat system involves the placement of three recovery
wells on-Site to mitigate the off-Site migration of groundwater with dissolved phase petroleum
hydrocarbons. As discussed further in the following sections, it is envisioned that the timing for
implementation of the pump and treat system may require the implementation/initiation of the
on-Site recovery wells first, with the off-Site recovery well(s) being added to the system as
property access and timing issues allow and verification of off-Site pumping well design through

the monitoring and evaluation of the performance of the on-Site pumping wells.
4.2.2 On-Site Pumping Well Strategy

The pump and treat system will involve the installation of three recovery wells (designated RW-1
through RW-3) on the Site. The proposed locations of these three recovery wells are the MW-
TA/MW-TB area, the MW-10A/MW-10B area, and the northeast corner area of the building west
of MW-14A/MW-14B as depicted on Figure 4-1. The exact location of the recovery wells will

be based upon field conditions.

To illustrate the predicted capture zones of the three proposed on-Site recovery wells shown on
Figure 4-2, the drawdown cone-of-depression from the May 2007 pumping test of MW-10A
(refer to Pumping Test Report (Alliance; July 30, 2007)) was superimposed on the projected
three recovery well locations to simulate effects under the proposed pumping scheme. The
interpolation software SURFER (Golden Software, Inc.) was utilized to project the observed
drawdown around each proposed recovery well location. Using the principle of superposition,
drawdown values were added where the cones overlapped with each other. The combined
drawdown surface was then subtracted from the interpolated groundwater potentiometric surface

data for the upper bedrock wells from the May 2009 groundwater sampling event to obtain a
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simulated potentiometric surface assuming each recovery well was pumping at a rate similar to
the May 2007 pumping test of MW-10A (approximately 2 to 2.5 gpm). A kriging scheme was
utilized in SURFER to interpolate and extrapolate the drawdown and potentiometric surfaces.
Finally, a flownet was drawn assuming isotropic conditions (which dictates that flowlines are
perpendicular to equipotential lines) to delineate the projected capture zones of each recovery

well.

The use of the flownet provides an overall understanding/interpretation of groundwater
movement under pumping conditions. The presence of a fracture control groundwater system
such as this Site cannot be fully projected with a high degree of accuracy and precision, but the
overall flownet should provide an adequate simulation to understand groundwater flow under
pumping conditions. Actual flow could travel in a convoluted and twisted path through the water
bearing zones in bedrock locally, but the final outcome as depicted on the flownet should provide

a reasonable projection.

Since the bedrock aquifer at the Site is anisotropic based on pump test results (as discussed in
Section 2.4), the actual capture zones would be more elongate in the direction of strike
(northeast-southwest) than shown on Figure 4-2. This analysis assumes that all extracted
groundwater is discharged outside the zone of influence of the pumping wells (after treatment)
and that no treated water is injected into the aquifer. The projected capture zones suggest that the
three proposed on-Site recovery wells would overlap to capture most impacted groundwater at

the Site, and also capture a portion of the groundwater extending onto the 1606 Rayville Road
property.

To provide a confirmation of the effectiveness of the recovery well locations based on the pump
test data, Alliance also utilized a groundwater model developed for the Site to project the
effectiveness of the proposed recovery well locations. A Groundwater Modeling Report dated
April 15, 2009 by Alliance is provided in Appendix VI detailing groundwater model details. The
groundwater model output for the capture and hydraulic control of on-Site recovery wells located

at similar locations shown on Figure 4-2 indicates that the majority of the Site, including the
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UST field and dispenser island and a portion of the 1606 Rayville Road property would be
influenced (refer to Figure 4-3). Though the modeling has limitation when utilized in a
anisotropic conditions such as a fractured bedrock setting, the overall interpretation is valuable in
supporting the pump test results, geophysical testing, and contaminant migration pathways as
evidenced by actual concentration data. To effectively understand the Site conditions and project
the potential benefits of the conceptual corrective action strategy of the pump and treat system,
the entire Site data set and evaluations were utilized to provide the remedial pump and treat

strategy presented.

In conclusion, it is proposed to install and operate three recovery wells on-Site at the
approximate locations indicated on Figure 4-1. Both the empirical data collected as part of the
pumping test on MW-10A and the results of the groundwater model predict that these three
recovery wells will mitigate the migration of groundwater with dissolved phase hydrocarbons
off-Site. As part of the long term operation of the pump and treat system, groundwater chemistry
and hydrogeology will be evaluated to monitor the performance of the pump and treat system. If
necessary, the configuration of the recovery wells may be adjusted in the future to react to Site

specific conditions documented as part of the monitoring program.
4.2.3 Monitoring Well and Recovery Well Placement

As described above, it is also proposed to install additional wells off-Site to the southwest of the
Site as part of continued delineation activities and for remediation monitoring purposes. Five
additional monitoring wells are proposed (refer to Figure 4-1 for the approximate proposed

locations). Each location is described further as follows.

& One well (to be designated MW-15) is proposed on the 1608 Rayville Road property
approximately between the 1608 and 1612 Rayville Road property houses. As discussed
with MDE, this well could possibly be used as a recovery well as part of the pump and
treat system or may be used as a replacement potable well for this property (dependent

upon analytical testing). If the new well were to be converted into a potable well, the
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existing potable well at 1608 Rayville Road could be used as a recovery well for the
pump and treat system.

¢ A well cluster (to be designated MW-16A/MW-16B) is proposed for installation on the
1614 Rayville Road property adjacent to the 1606 Rayville Road property for delineation
purposes to the west of the Site.

¢ Another well cluster (to be designated MW-17A/MW-17B) is proposed in the orchard
across Rayville Road from the 1614 Rayville Road property for delineation purposes per

MDE’s request to evaluate conditions in this area.

The exact location of the monitoring wells will be pending property access and field conditions.

4.2.4 Recovery Well and Monitoring Well Installation

The proposed recovery wells and monitoring wells will be installed using the air-rotary drilling

methodology and constructed as open borehole wells with the following specifications.

¢ RW-1 through RW-3 and MW-15 will be constructed with nominal 6-inch steel casing
set to approximately 40 feet bg and open borehole to 120 feet bg. The recovery wells are
designed to intercept the shallow more frequent water bearing fractures in the upper 70 to
80 feet of the formation which tend to have a moderate groundwater yield and typically
report higher contaminant concentrations. The depth of the recovery wells to 120 feet
also allows for the interception of the less frequent and less productive water bearing
zones 1dentified below 70 feet. As previously discussed, very limited to no water
production is evident at depths below 120 feet. The recovery well design is consistent
with the construction of the potable wells at 1606, 1608, and 1612 Rayville Road.

& MW-16A and MW-17A will be constructed with nominal 6-inch steel casing set to
approximately 40 feet bg and open borehole to 65 feet bg, which is comparable to current
Site monitoring wells intercepting upper groundwater. These wells are designed to
intercept the shallow more frequent interpreted water bearing fractures having a moderate

groundwater yield with typically higher contaminant concentrations.
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¢ MW-16B and MW-17B will be constructed with nominal 6-inch steel casing set to 70
feet bg and open borehole to 120 feet bg, which is comparable to current Site monitoring
wells intercepting lower groundwater. These wells are designed to intercept the less

frequent and less productive water bearing zones identified below 70 feet.

Modification in the construction of these wells will be dependent on field conditions
encountered. Prior to installation of these wells, well permits will be obtained from Baltimore
County Health Department and the State subsurface utility mark-out service (Miss Utility) will
be contacted to identify public utilities at the Site and surrounding area. Additionally,
notification of the schedule for well installation activities will be provided to MDE, Site

personnel, and other appropriate parties.

During installation activities, appropriate handling and containment of soil and groundwater
generated will be implemented to facilitate transport for off-Site disposal. Monitoring of the
drilling activities with a PID will be conducted as a qualitative screen of drill cuttings and
provide appropriate health and safety monitoring for personnel on-Site. Upon completion, the
monitoring wells will be developed to clear sediment from the borehole for better groundwater
flow in preparation for continuing investigation activities. Groundwater generated by the
development activities will be appropriately contained for off-Site transport and disposal.
Additionally, the top of casing of the completed monitoring well locations will be surveyed to the

established geodetic datum for the Site.

Drilling operations for the recovery wells and monitoring wells will be implemented as described
below with field conditions observed by the supervising geologist ultimately determining the

construction of the wells.
¢ Advance drill to approximate depth of casing set with nominal 10-inch drill bit.

¢ Set nominal 6-inch steel casing to the bottom of the open borehole and fill the annulus

between the steel casing and the open borehole with bentonite-cement (5% bentonite -
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95% cement) grout via tremie pipe from total depth of the 10-inch borehole to the
surface.

¢ Allow grout at least 24 hours to cure before continuing borehole advancement with
nominal 6-inch bit through the steel casing.

® Complete the well to target depth as an open borehole.

¢ Complete the well head with a flush mount manhole set in concrete.
4.2.5 Pump and Treat System Conceptual Design

Upon agreement with MDE on the overall conceptual design for the corrective measure for the
Site, more detailed engineering specifications for the equipment and construction of the
corrective measures will be prepared and provided to MDE if desired. However, based upon the
results of the pump test, the design anticipates that each of the pumping wells will be fitted with
submersible pumps capable of pumping 2 gallons per minute to the treatment compound. The
location of the treatment compound will likely be behind the convenience store at the Site. Each
well will be individually piped to the treatment compound to a single manifold. The piping from
each well will be fitted with its own valve and flow meter to allow for the control and monitoring
of the flow rate from each well. If the pump and treat system is installed in phases (i.e., the three
onsite pumping wells are installed and operated first, prior to confirming the configuration of any
offsite pumping wells), then the ability to incorporate additional pumping wells will be
accommodated in the design and construction of the system. Specifically, piping, electrical and
control conduits will be laid from the treatment compound to a sirategic location (near the
property line of the Site with 1606 Rayville Road) such that additional pumping wells can be
easily added in the future as necessary. It is envisioned that enough piping (access by road box)
and excess water treatment capability to accommodate two additional off-Site pumping wells
will be installed during the initial corrective measure installation. As described in the February
2009 CAP, the groundwater pumped from the extraction wells will be treated by a sediment
filter, treated for VOCs via an air stripper followed by a granular activated carbon (GAC)

polishing unit.
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Flow and pressure gauges and sampling ports will be positioned in strategic locations throughout
the system piping to monitor overall system performance. Mechanical equipment including
pumps and the blower will be equipped with interlock devices causing complete system
shutdown in the event of a failure. An overall system pressure interlock will also be installed to
shut down the system should system pressures get too high or too low. A control panel will be
installed to allow for manual or automated pump control and a telemetry system will be installed

to alert the user in the case that a system interlock is triggered.

Figure 4-4 depicts the Pump and Treat System Line Diagram Schematic showing the major
components of the pump and treat system. A detailed Process and Instrumentation Diagram
(P&ID) will be developed upon finalizing discharge requirements for the pump and treat remedy

for the Site.

Equipment and instrumentation for the groundwater pump and treat system will be housed in a
prefabricated structure or a mobile trailer to be positioned in an unobtrusive location on-Site.

Proper permits will be obtained for the placement of the structure or trailer.
4.2.6 Treated Water Discharge

Alliance has researched the available options to discharge the treated water produced by the
pump and treat process. The storm sewer immediately adjacent to the Site along Middletown
Road was determined to discharge to an un-suitable location. Further research into the storm
sewers in the vicinity of the Site located a storm sewer that originates where Middletown Road
intersects Rayville Road north of the Site. This storm sewer collects the storm water that
originates north of the Site along Middletown Road along with storm water that originates from
properties adjacent to Rayville Road and Ellen’s Choice Way. According to Baltimore County’s
records, this storm water discharges to a drainage easement behind the property located at 1515
Rayville Road. This drainage easement discharges to what is identified as an existing swale.

The ultimate discharge location of this drainage swale appears to be Owl Branch.
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Alliance has discussed with Baltimore County the potential to discharge the treated water from
the pump and treat system to this storm sewer (a conceptual flow rate of 10 to 20 gallons per
minute). Baltimore County has indicated that this will be acceptable to them (a contractor

licensed to make this connection will be required to perform this work).

A National Pollutant Discharge Elimination System (NPDES) permit will be required for the
discharge of treated groundwater. The MDE has a general permit for the “discharge of treated
groundwater from petroleum contaminated groundwater sources to surface or ground waters of
the state”. Upon approval of this CAP Addendum by MDE and formal approval from Baltimore
County for the discharge of the treated water to the storm sewer, Alliance will submit the
appropriate General Permit application to MDE for the NPDES permit. MDE will provide the
discharge requirements for the process at this Site. Typically, the discharge requirements require
the water to be treated to drinking water quality standards. The permit will also dictate specific

monitoring and reporting requirements for this Site.

Upon approval of the CAP, Alliance will work with MDE and Baltimore County to formalize a
discharge location which is anticipated to be the discharge location discussed above. At this time
it is assumed that this discharge location will ultimately prove to be viable for this system. If for
some reason it is later determined that this is not a viable discharge location, then an alternative
location will have to be identified (and this will impact the schedule to implement the pump and
treat system). As discussed previously with MDE, the potential use of this discharge location
obviates the need to consider the reinjection of the treated groundwater at this time. However,
after the pump and treat system has been operational for an extended period, and its performance
has been documented, it may be prudent to reconsider the reinjection of a portion of the treated
groundwater on Site in an effort to accelerate the remediation of the Site and to re-utilize the

groundwater resource and to promote the environmental sustainability of the overall design.
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4,2.7 Air Emissions Treatment

Air emissions will be permitted and treated consistent with the MDE’s “General Permit to
Construct Application Package for Groundwater Air Strippers and Soil Vapor Extraction
Systems” (January 9, 2008). The specific details of the permit application will be pending the
approval of this CAP Addendum and final design details. However, as per this General Permit,
air emissions from the air stripper will likely be treated via activated carbon during its initial
operations. Monitoring will occur at the frequency required in the General Permit and air
emissions treatment will continue until MDE provides permission to remove the treatment

device.
4.3 System Installation, Start-Up, and Monitoring

This section generally describes installation and monitoring activities for the anticipated pump
and treat system only. Further details will be available after the conceptual design has been
approved, the discharge location for the treated water has been finalized and the discharge
requirements provided. It is expected that the final details on the monitoring and reporting
requirements will be developed and approved separately. The following sections describe they

typical procedures for these systems.
4.3.1 Construction of Remedial System

Prior to construction, the location of the treatment building/trailer will be selected and any
necessary permits obtained for the structure. Electric service availability and connections will
also be arranged with the local utility company. The initial and most intensive phase of
construction will be to trench plumbing and electric lines from extraction wells RW-1 through
RW-3 (plus plumbing and electrical lines for two additional recovery wells should system
expansion be necessary) to the location of the treatment building. Plumbing and electric lines

will be installed according to code at an approximate depth of 2 'z feet below ground. Prior to
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excavation, a one call to miss utility will be made. Following utility mark-out, a backhoe or
equivalent will be used to excavate the plumbing/electric trenches to each well. The trench will
be completed by saw cutting the existing Site asphalt and excavating only the length that can be
piped and backfilled in one day (i.e., trenches will not be left open when work is not being
completed). Soil will be positioned adjacent to the trench during excavation activities. Once
piping is placed in the trench it will be covered with six inches of pea gravel. Native soil will be
backfilled into the remaining trench and compacted, any soil spoils will remain on-Site. The
completed trench will be backfilled to match adjacent material such as asphalted, concrete, or
soil. The trench will be compacted/smoothed with a roller unless directed otherwise by the Site
owner. Old asphalt, concrete, and/or soil will be properly disposed. The three groundwater
extraction pipes and electric conduits for pump control will be stubbed-up at grade in the area of

the remediation building.

Extraction pumps will be positioned approximately ten feet off of the bottom of the well.
Plumbing, electric, control, and a safety tether line will be connected to the pump prior to
lowering it down the well. The plumbing line will be connected from the pump to the trench
piping through a pitless adapter installed in the steel casing of each extraction well. A 2 feet by 2
feet by 2 feet metal road box will be set atop the well casing and electrical junction box, set in
concrete, and finished to grade. The down-well electric line will be connected to the electric
cable in the electric junction within the well head road box which will be connected to the

remediation shed.

The building (or trailer) will be delivered to the Site and positioned over the plumbing and
electric stub-ups. Pump and treat system equipment (e.g., filter, air stripper, blower, transfer
pump, carbon vessels, etc.) will then be positioned within the shed. All necessary plumbing and
electric connections will be made to enable the functioning of the treatment system. Note that
the pump and treat remediation system may come pre-installed in a trailer, in which case the only
connections necessary will be to plumbing and electric stub-ups, an electric source from the local

utility company, and water discharge piping.
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4.3.2 System Start-Up and Shake-Down

For any remedial system, the first several weeks to one month of operation are the most dynamic.
Frequent Site visits (daily for first week then weekly visits thereafter) will be made during the
first month of operation. Immediately following startup, liquid levels will be measured in each
recovery well and surrounding monitoring wells and pumping rates may be adjusted to optimize

groundwater capture. During each Site visit, the following measurements will likely be taken:

Depth to water at select monitoring wells.
Groundwater flow rates from each extraction well.

Total gallons of groundwater extracted.

¢ o o o

System piping and equipment pressures.

<

Air stripper influent (from blower) or effluent (post carbon and before discharge stack) air
flow rate and PID readings.

¢ PID readings for pre- and post-vapor phase treatment.

Laboratory analytical samples of system performance will also be obtained at a pre-set interval
(e.g., during the first week of operation and after a month of operation). Groundwater samples
will be collected pre-and post- air stripper treatment and post-GAC discharge and analyzed as
specified in Section 4.4.2. Additionally, air samples will be collected pre- and post- vapor GAC

discharge and analyzed as specified in Section 4.4.3.
Following the installation and start up of the process, Alliance proposes to submit a brief report

to the MDE describing the as-built installation and construction activity at the Site and to inform

the MDE of any discrepancies between the finalized design and final installed system.
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4.4  Routine Maintenance and Monitoring

4.4.1 Pump and Treat System Monitoring

Once the shake-down of the process equipment has been completed, the pump and treat system
will move into a period of routine maintenance and monitoring. System operational parameters
will be monitored routinely (e.g., semi-monthly) for the field parameters described in the start-up
and shake-down section. Routine laboratory analytical monitoring will also occur (e.g., on a
monthly basis). Groundwater samples will be collected pre-and post-air stripper treatment and

post-GAC discharge.
4.4.2 NPDES Monitoring

A NPDES permit will be required for the discharge of treated groundwater. The MDE has a
general permit for the “discharge of treated groundwater from petroleum contaminated
groundwater sources to surface or ground waters of the state”. This permit typically will
stipulate bi-monthly monitoring (unless a reduced frequency is granted) of the treatment system
effluent. Discharge limits are typically 100 parts per billion (ppb) for total BTEX, 5 ppb for
benzene, and 15 parts per million for TPH. This monitoring will be conducted as post-GAC

groundwater sampling as specified in the final NPDES permit.
4.4.3 Quarterly Groundwater Sampling

As required by the MDE, groundwater samples will be collected quarterly from the Site
monitoring well network. Purge water generated by the groundwater sampling activity will be
managed as it is under the current monitoring program or will be treated via the air stripper once
it is in operation. Quarterly sampling will continue according to the schedule established for the

Site. Potable well sampling will also continue according to the current schedule established for
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the Site, unless modified with MDE approval. Following the first year of sampling after system

start-up, a reduction in sampling scope may be requested dependent upon conditions.
4.4.4 Reporting

After the receipt of the analytical results from the quarterly groundwater monitoring, a summary
report on a quarterly basis will be prepared for submission to the MDE. The report will include a
summary of all field and laboratory data obtained during the quarter and an evaluation of the
results of the groundwater sampling event and treatment system performance monitoring. Upon
achieving the remediation goals for the project, a closure petition will be prepared for review by

the MDE to initiate post remediation monitoring.
4.5 SVE System Conceptual Design

Based on the results of the SVE pilot test, an SVE system will be installed and operated at the
Site. As described Section 3.0, the SVE pilot test determined that the only location where
meaningful hydrocarbons could be recovered from the unsaturated zone was in the vicinity of
SVE-04 and MW-5. As described previously, during the installation of MW-5, hydrocarbon
odors and PID responses were noted by the supervising geologist. Thus, it is proposed to utilize
SVE-04 and a new extraction point installed in the vicinity of MW-5 (SVE-05) as part of a full
scale SVE system. SVE-05 will be constructed similar to SVE-04. The location will be installed
via air rotary drilling techniques to total depth of approximately 37 feet. The point will be
constructed with 4 inch diameter well screen and casing. Based on the observations made during
the installation MW-5, it is anticipated that SVE-05 will be screened from approximately 10 feet

below grade to its total depth.

Based on the results of the Pilot Test, at an operating vacuum of 40 inches of water a flow rate of
approximately 32 SCFM is anticipated at each of these two SVE locations. Based on the pilot

test data for SVE-4, it is estimated that each location will have a radius of influence (defined as
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at least a vacuum of 0.1 inches of water) of approximately 60 feet. Figure 4-5 presents the
proposed location for SVE-5 (approximate location, to be field determined) and the estimated

radius of influence of each location assuming the operation of the system at 40 inches of water.

Two inch PVC piping will be utilize within individual trenches to connect each of these SVE
points/locations back to the treatment compound (the same location as the pump and treat
system). Each SVE line will be individually valved and connected to the SVE blower system to
allow for proper adjustment of flow rate and vacuum to maximize hydrocarbon removal. The
SVE equipment will consist of a water separator connected to a blower capable of delivering a
vacuum of approximately 40 inches of water to each SVE point and a total flow rate of
approximately 64 SCFM. The SVE will also be instrumented with interlocks to shut down the
system in case of certain failures (high or low vacuum, high water in knock out tank, etc.). A
telemetry system will notify Alliance immediately of a shut down such that a site visit can be

scheduled to address the situation.

Air emissions from the SVE system will be permitted and treated consistent with the MDE’s
“General Permit to Construct Application Package for Groundwater Air Strippers and Soil Vapor
Extraction Systems” (January 9, 2008). The specific details of the permit application will be
pending the approval of this CAP Addendum and final design details. However, as per this
General Permit, air emissions from the SVE system will likely be treated via activated carbon
during its initial operations. Monitoring will occur at the frequency required in the General
Permit and air emissions treatment will continue until MDE provides permission to remove the
treatment device. Based on the results of the pilot test, the estimated mass removal rate will
mitially be approximately five pounds per day, and it is expected that this mass removal rate will

decrease fairly quickly with continuous operation of the system.

The SVE will be operated and monitored on a similar schedule as the pump and treat system.

Monitoring of an SVE system typically consists of:
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Monitoring of the vacuum, flow and PID response of each SVE point.

Monitoring of the total flow rate, and PID response of the system.

Measurement of the concentration of hydrocarbons influent and effluent the air treatment
device (when in use).

Collection of air bag samples for laboratory analysis to provide quantitation of the mass

removal rate, typically on a monthly to bi-monthly basis.
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5.0 CORRECTIVE ACTION PLAN SCHEDULE

As described in the previous section, there are certain tasks that must be completed in order to
finalize certain design aspects of this CAP Addendum. Given the current situation, Alliance
proposes the following general schedule of actions to facilitate finalizing the design, installation

and start up of the remediation system.

1) Upon MDE approval of the CAP Addendum, Alliance will immediately initiate the

following:

¢ Obtain the necessary approvals from Baltimore County to discharge treated water
from the pump and treat system to the storm sewer previously described.

o Apply for an NPDES permit from MDE to discharge the treated groundwater to
the storm sewer. The final discharge quality requirements for the treated water
discharge will be provided by MDE.

¢ Initiate the installation of the three proposed recovery wells on the station property
(RW-1, RW-2 and RW-3). Once permits are received, the wells will be installed
as described. Following installation, the wells will be developed and sampled to
determine the yield and water quality in each well. This information will be used
to finalize the design of the treatment system.

¢ SVE-5 will be installed at the same time as the three recovery wells.

¢ When access has been received for the proposed off site well locations, these off

site wells will be installed. Note that access requests have already been initiated.

2) The design of the pump and treat system will be finalized based upon confirmation of the
discharge location and the discharge quality requirements in the NPDES permit from
MDE. If desired, Alliance will provide MDE with the final engineering specifications of

the process equipment prior to purchase and installation.

5-1 ENVIRONMENTAL
RILIANCE



3)

After the design is complete, with any final input from MDE, the SVE system and pump
and treat system equipment will be ordered and installed. Start up procedures, a long
term operations and maintenance schedule and reporting schedule will be finalized with

MDE before operations begin.

5.2 ENVIRONMENTAL
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MARYLAND DEPARTMENT OF THE ENVIRONMENT
O1l Control Program, Suite 620, 1800 Washington Blvd., Baltimore MD 21230-1719

MDE  410-537-3442 o 410-537-3092 (fax) 1-800-633-6101

Martin O’Malley Shari T. Wilson

Governor Secretary

Anthony G. Brown Robert M. Summers, Ph.D.

Lieutenant Governor Deputy Secretary
May 28, 2009

Mr. John Phelps

Carroll Independent Fuel Company
2700 Loch Raven Boulevard
Baltimore, Maryland 21208

RE: DIRECTIVE: REQUEST FOR CAP ADDENDUM AND
POTABLE WELL INVESTIGATION WORK PLAN
Case No. 2006-0319-BA2
Notice of Violation NV-2007-067
Wally’s Citgo
19200 Middletown Road, Parkton
Baltimore County, Maryland
Facility 1.D. No. 4593

Dear Mr. Phelps:

The Maryland Department of the Environment, Oil Control Program (MDE-OCP) has received and
reviewed the Corrective Action Plan (CAP) - February 26, 2009 for the above referenced site, as required by
the Department’s directive letter dated January 9, 2009. The CAP proposed remediation of the site via soil
vapor extraction (SVE) combined with a groundwater pump-and-treat system. The Department issued letters
to members of the Parkton community for a comment period to the CAP, per Code of Maryland Regulations
(COMAR) 26.10.09.08.08 (Community Letter dated April 15,2009). A letter from counsel representing
select members of the community was received by the Department on April 30, 2009. On May 5, 2009,
representatives of the MDE-OCP, Carroll Independent Fuel Company (CIFCO), your environmental
consultants, and legal council met to discuss the case and the CAP. A copy of the response from legal council
representing select members of the community was presented to CIFCO at that time.

Based on the Department’s review of the case and CAP, the following comments and requirements are
outlined below:

1. The Department approves the SVE pilot test as proposed in the CAP. The pilot test must be completed
no later than July 24, 2009. The pilot test report with recommendations for full scale implementation
of the proposed SVE system must be received by the Department no later than September 4, 2009.
The Department must be notified prior to any work related to this activity, including installation of the
approved SVE wells and conducting the pilot test, at least five (5) days prior to field work.

#A Recycled Paper www.mde.state.md.us TTY Users 1-800-735-2258
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Mr. John Phelps
Case No. 2006-0319-BA2
Page Two

2. Inorder for the MDE-OCP to evaluate the pump-and-treat remedial action as proposed in the CAP (i.e.
suitability of the proposed well locations, the recovery well capture area, and monitoring), the
Department requires an investigation of the impacted off-site drinking water wells. This investigation is
necessary to understand the hydrogeology and contaminate migration pathways that contributed to the
impacts of these drinking water wells.

The MDE-OCP requires borehole geophysics testing that, at a minimum, must include the following:
caliper; acoustic televiewer; optical televiewer; and resistivity tests. These tests will be performed at the
drinking water wells located at 1606, 1608, and 1612 Rayville Road. The data collected for the
Department”s review must include, but may not be limited to the following: casing depth and casing- — -
integrity; depth of all fractures, joints, foliations (with orientations), degree of water production, and
aperture size; total depth of the well; depth to water; pump depth; and well yield. The Department must
receive a Work Plan detailing the down well investigation no later than June 12, 2009.

Please note, the data collected will be used not only to understand how these wells were impacted, but
also to evaluate potential remedial strategies such as drilling replacement drinking water wells and using
the existing drinking water wells as groundwater recovery wells.

3. Per the January 9, 2009 directive letter, the Department still requires the installation of a monitoring well
network to delineate the total extent of contamination (i.e. horizontal and vertical extent of dissolved
levels) both on-site and off-site. At this time, the Department does not consider this task to be
completed. The MDE-OCP requires a Work Plan to be submitted with a site map and well construction
details for the placement of monitoring wells at properties down gradient and to the west of monitoring
wells MW-7 and MW-7B. Drinking water wells in this area have been impacted and the groundwater
must be investigated. As such, monitoring/test wells must be installed to monitor and delineate the
extent of contamination (properties included but not limited for investigation are 1606, 1608 and 1612
Rayville Road). CIFCO must obtain access agreements with these impacted residents. Domestic well
sampling and carbon change-outs must continue at each residence, as previously required.

4. With regard to the groundwater pump-and-treat proposal, the MDE-OCP does not approve discharge of
treated water into the tank field or septic field, as proposed. Alternative discharge methods and
locations (e.g. on-site storm water inlet, construction of an infiltration gallery) must be thoroughly
evaluated for MDE-OCP approval.

5. Pending off-site investigations and an evaluation of the CAP Addendim, additional wells may be needed
for recovery, both on-site and off-site, to obtain hydraulic control of the dissolved plume. Potential

monitoring locations may be identified between MW-7A/MW-7B and MW-10A/MW-10B and near
MW-7.



Mr. John Phelps
Case No. 2006-0319-BA2
Page Two

6.  The Department understands that a computer model was used for the CAP design. All data must be
included with the CAP Addendum including model parameters, input values, and the results.

7. The Department must receive a revised site map depicting additional groundwater monitoring well and
recovery well locations.

Requirements 3 through 7 must be completed and submitted as a CAP Addendum to the
Department no later that July 10, 2009. The geophysical data collected from the three off-site drinking
water wells (i.e. Requirement 2) must also be included in the CAP Addendum.

Failure to complete the advised actions may result in enforcement proceedings that could include
the issuance of civil penalties and other legal sanctions. All information, data, reports or plans

generated for this site must be submitted to the Qil Control Program for review by the dates specified
or agreed upon by the Department.

If you have any quéstions, please contact the case manager, Ms. Jenny Martin, at 410-537-3413 (email:
Jmartin@mde.state.md.us) or Central Region Section Head, Ms. Ellen Jackson, at 410-537-3482 (email;
ejackson@mde.state.md.us).

Sincerely,

A S,

Christopher H. Ralston, Chief
Remediation and State-Lead Division
Oil Control Program

JM/nln

cc: Mr. Andrew Applebaum (Environmental Alliance, Inc.)
Mr. Dwight Stone (Whiteford, Taylor and Preston Law)
Mr. Peter Angelos (Law Offices of Peter G. Angelos, PC)
Mr. Howard Phelps (CIFCO)
Mr. Kevin Koepenick (Baltimore County DEPRM)
Ms. Barbara Brown (MDE)
Ms. Pricilla Carroll, Esq. (MDE)
Mr. Herbert M. Meade (MDE)
Mr. Horacio Tablada (MDE)



MARYLAND DEPARTMENT OF THE ENVIRONMENT
Oil Control Program, Suite 620, 1800 Washington Blvd., Baltimore MD 21230-1719

Sibisiels

MDE 410-537-3442 » 410-537-3092 (fax) 1-800-633-6101

Martin O’Malley Shari T. Wilson
Governor Secretary
Anthony G. Brown Robert M. Summers, Ph.D.
Lieutenant Governor Deputy Secretary

July 23, 2009

Mr. John Phelps

Carroll Independent Fuel Company
2700 Loch Raven Boulevard
Baltimore MD 21208

RE: CAP ADDENDUM EXTENSION APPROVAL
Case No. 2006-0319-BA2
Notice of Violation NV-2007-067
Wally’s Citgo
19200 Middletown Road, Parkton
Baltimore County, Maryland
Facility 1.D. No. 4593

Dear Mr. Phelps:

The Oil Control Program recently completed a review of the case file, including the Status of Activities
Required by May 28, 2009 MDE Directive Letter and Corrective Action Plan Addendum Extension Request -
July 9, 2009 and the Quarterly Update Report - July 6, 2009 for the above-referenced property. Based on
this review and the completion of activities required in the Department’s May 2009 directive letter to date,
the Department grants an extension for the submittal of the CAP Addendum. The required CAP Addendum
must now be submitted to the Department no later than August 21. 2009. All other requirements must be
completed by the dates previously specified by the Department.

The Department has reviewed the data submitted in the Quarterly Update Report - July 6, 2009; and
given the increase in dissolved MTBE and benzene levels detected in the pre-filtration samples from 1608
and 1612 Rayville Road, the Department requires all domestic well sampling data be submitted on a
monthly basis as Domestic Well Sampling Reports. These reports must include the dates of carbon filter
replacement, totalizer readings, the number and total poundage of carbon filters at each residence, and any
other data collected regarding domestic well sampling. Groundwater monitoring well sampling data must
continue to be submitted on a quarterly basis under separate cover.
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Mr. John Phelps
Case No. 2006-0319-BA2

Page Two

If you have any questions, please contact the case manager, Ms. Jenny Martin, at 410-537-3413
(email: jmartin@mde.state.md.us) or Central Region Section Head, Ms. Ellen Jackson, at 410-537-3482
(email: ejackson@mde.state.md.us).

Sincerely,

V- —

Christopher H. Ralston, Chief
Remediation and State-Lead Division
Oil Control Program

JM/nln

cc:  Mr. Richard Martin (1606 Rayville Road)
Mr. Charles Belt (1608 Rayville Road)
Ms. Gail Fissel (1612 Rayville Road)
Mr. Andrew Applebaum (Environmental Alliance, Inc.)
Mr. Dwight Stone (Whiteford, Taylor and Preston Law)
Mr. Peter Angelos (Law Offices of Peter G. Angelos, PC)
Mr. Howard Phelps (CIFCO)
Mr. Kevin Koepenick (Baltimore County DEPRM)
Ms. Barbara Brown (MDE)
Pricilla Carroll, Esquire
Mr. Herbert M. Meade
Mr. Horacio Tablada
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Surface & Borehole Services

August 3, 2009

Mr. Andrew Applebaum
Environmental Alliance, Inc.
121 Union Avenue, Suite 1
Middlesex, NJ 08846

Subject: Results of Geophysical Well Logging
Wally’s Citgo Site, Parkton, Maryland
ARM Project: 09234

Dear Mr. Applebaum,

This letter report summarizes the methods, results, and conclusions of a borehole geophysical investigation performed at
the above referenced location on June 30, 2009. Logging was performed in three domestic wells located at 1606, 1608,
and 1612 Rayville Road. The objective of this investigation was to identify and determine the orientation of planar features
such as fractures and foliation planes and to locate and characterize water-bearing zones. To achieve these objectives,
standard well logs and borehole images were acquired from each well.

ARM performed well logging to achieve the same objectives in September 18, 19, and October 13, 2006. Wells MW-7A,
MW-7B, MW-8A, MW-8B, MW-9A and MW-9B were logged during this previous investigation. The orientation data
collected from these wells are included in this report so that a more statistically significant and representative
stereographic analysis could be performed.

LOGGING METHODS

The logs that were run for this investigation include:

Natural Gamma Single Point Resistance
Fluid Temperature Optical Televiewer (OTV)
Fluid Resistivity Acoustic Televiewer (ATV)
3-Arm Caliper

Short & Long Normal Resistivity

An overview of the logging methods used during this investigation is presented in Attachment A. The OTV logs were
acquired using a Robertson Geologging Micrologger 2 and digital optical televiewer probe. The remaining logs were
acquired using a MGX Il and Matrix digital logging system manufactured by Mount Sopris Instrument Company.

INTERPRETATION

BASIC LOG DESCRIPTIONS

The geophysical well logs acquired during this investigation are presented in Attachment B. All log depths are referenced
to top of casing as indicated in the header of each log. The majority of the acquired data are presented as standard curves

1129 West Governor Road « PO Box 797 « Hershey, PA 17033-0797
Voice: (717) 533 - 8600 « Fax: (717) 533 - 8605



Environmental Alliance - Wally’s Citgo -2- August 3, 2009
ARM Geophysics
ARM Project: 09234

that represent the change in measured parameter with depth. The format of the televiewer logs deserve further
explanation and are discussed below.

The televiewer logs contain borehole images and structural information obtained from the OTV and ATV tool. The Optical
View track is an “unwrapped” image of the borehole wall (Figure 1). The cylindrical borehole surface is unzipped along the
north azimuth and unrolled to a flat strip. The compass orientation (with respect to true north) is presented at the top of
the log. The unwrapped format is distorted like any projection of a curved surface on a flat one. Horizontal and vertical
planes will be undistorted. However, dipping planes will be represented as a sine wave: the greater the dip, the greater the
wave amplitude.

The Acoustic Amplitude and Travel Time tracks are presented in a similar fashion. The Acoustic Amplitude log is a 360°
image of the strength or amplitude of the reflected pulse. Lighter colors indicate harder or more competent rock, while
darker colors represent fractures and less competent rock. The Travel Time data is similar to sonar and represent the travel
time of the acoustic pulse as is travels from the tool to the borehole wall and back. This information serves a high
resolution and 360° caliper that can indicate the relative lateral depth or openness of fractures.

The Plane Projection track presents the fracture signatures digitized from the unwrapped Optical View and Acoustic
Amplitude tracks. For this investigation, the digitized planes are categorized as either filled or open fractures. The Dip &
Dip Direction log is a presentation in which the vertical axis is depth and the horizontal is dip from 0° to 90°. As shown in
Figure 2, the azimuth of the dip direction is indicated by the orientation of the tadpole tail, measured in a clockwise
direction from north.

INTERPRETATION OF STRUCTURAL DIAGRAMS

The structural data are presented on polar and rose diagrams for statistical analysis and pattern visualization. Polar
diagrams are used in this report to plot the dip and dip direction of planar features. Zero degree dip is represented at the
center of the diagram and 90° at the circumference. The dip direction is indicated by the compass azimuth, measured
clockwise from north (0°), as shown in Figure 3.

The rose diagram graphically illustrates the strike distribution of a set of planes. Radiating rays are drawn with lengths
proportional to number of strike measurements within each 10° sector. It is important to recognize that in this report, the
polar diagram represents dip and dip direction, whereas the rose diagram represents strike. Using the right-hand-rule
convention, strike equals the dip direction minus 90°.

RESULTS AND DISCUSSION

ORIENTATION ANALYSIS OF PLANAR FEATURES

Optical and acoustic televiewer images were used to identify fracture and foliation planes. Planar features are picked from
the image logs by fitting the signature to a line. As discussed above, only horizontal or vertical planes appear as straight
lines on the unwrapped image. Dipping features appear as a sinusoidal curve. The orientation of planar features can only
be accurately calculated if signature is symmetrical. Unsymmetrical traces occur if the feature is warped or if the borehole

Suitacr & Boreiaie Servicey
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cross section is irregular. In this case, the signature is not picked and the orientations are not included in the stereographic
analysis. However, these features are identified on the televiewer logs as “Non-Planar Void or Joint”.

The orientations of all digitized planes are tabulated in Attachment B. Stereographic analysis was performed on these data
and results are presented in the polar and rose diagrams shown in Figures 4 through 9. Predominant groups or “sets” are
indicated by the clustering of data points in the polar diagrams. The orientation data collected during the logging
performed by ARM in 2006 are included in this report so that a more statistically significant and representative
stereographic analysis could be performed.

Figure 4 presents a symbolic polar diagram that shows the orientation of planes categorized by well. This presentation is
useful for identifying lateral changes in plane orientation. In this case, the scatter of orientations shows some deviation
between wells, which suggest some lateral changes in orientation exists at this site. Figure 5 is a polar diagram of all planes
grouped by plane type. The mean orientations of foliation and fracture plane sets were calculated using Fisher statistics
and are shown in Table 1. These mean vectors are associated with statistical results such as confidence and variability
cones and Fisher dispersion constants, which are also shown on the figures. An explanation of these terms and methods is
presented in Attachment C. The mean orientation of foliation planes is illustrated by the statistical contouring in Figure 6
and is shown at the right of the diagram. The rose diagram shown in Figure 7 shows the dominant strike of foliation planes
is to the NNE/SSW. The mean orientations of the open fracture plane set is illustrated by the statistical contouring in Figure
8 and is shown along with the statistical results at the right of the diagram. The similarity in orientation between foliation
planes and fracture planes suggests the latter are open partings along foliation planes. The rose diagram shown in Figure 9
shows the strike distribution of open fracture planes. The predominant strike direction is to the NNE/SSW.

Table 1: Mean Orientation of Planar Features

Type Dip (deg) Dip Direction (deg) Strike/Dip
Foliation Planes 27 281 N11E/27NW
Open Fracture Planes 34 284 N14E/34NW

INTERPRETATION OF WATER BEARING ZONES

The interpretation of well logs and images suggests the occurrence and migration of ground water are primarily influenced
by open fractures. Water bearing zones identified from the logs are listed below in Table 2 and shown as symbols at the
corresponding depth on the HydrolLogs. Some difficulties in identifying water bearing zones were met in this investigation
since borehole fluid column was disturbed during logging. The water column was disturbed by the removal of the well
pumps immediately prior to logging. This limits the effectiveness of the fluid temperature and fluid resistivity logs. These
limitations notwithstanding, the primary indicators of water bearing zones were the presence of open fractures observed in
televiewer images and caliper data, as well as decreases in formation resistivity. The majority of open fractures occur within
the upper 70 ft of rock. A listing of interpreted water bearing zones is provided in Table 2.
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Table 2: Interpreted water bearing zones

Well Depth (ft)
1606 Rayville 43
59
62
74
1608 Rayville 45
60
66
1612 Rayville 63
70
83

CLOSING

The results of this investigation successfully achieved the project objects by identifying and determining the orientations of
fractures and foliation planes and by locating and characterizing water-bearing zones. The data collection and
interpretation methodologies used in this investigation are consistent with standard practices applied to similar geophysical
investigations. The correlation of geophysical responses with probable subsurface features is based on the past results of
similar surveys although it is possible that some variation could exist at this site.

Please contact us if you have any questions regarding this survey. We appreciate your business and look forward to
working with you again.

Kind regards,
ARM Geophysi

M. Scott McQuown, P.G.
Senior Geologist & Geophysicist
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Figure 6: Statistical contouring illustrating the mean dip and dip direction of foliation planes. The calculated mean of the set is shown to the right of the diagram.
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Figure 7: Rose diagram illustrating the strike distribution of foliation planes. The predominant strike direction is to the NNE/SSW.
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Figure 8: Statistical contouring illustrating the mean dip and dip direction of fracture planes. The calculated mean of each set is shown to the right of the diagram.
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Figure 9: Rose diagram illustrating the strike distribution of fracture planes. The predominant strike direction is NNE/SSW.
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1129 West Governor Road, PO Box 797
Hershey, PA  17033-0797

Voice: (717) 533 - 8600

Surface & Borehole Services Fax: (717) 533 - 8605

ATT MENT A: OVERVIEW OF LOGGING METHODS

CALIPER LOGS

HOLE DIAMETER
Scale: Inches ———————
5 T g 11 13 15

The caliper log measures variations in borehole size as a
function of depth in a well. Some example responses of in a

caliper log is shown in Figure A- 1 (Rider, 2002* ) The log data
enables (a) the detection of competent or fractured geologic
units, (b) the location of washouts or tight zones, (c) the optimal
placement of well screen, sand, and bentonite, and (d) the
establishment of appropriate borehole correction factors to be
applied to other well log curves.  Further, when run in
combination with other logs, the caliper log may be an indicator ~ PETMEASLE
of lithologic makeup and degree of consolidation. The typical

caliper response in a fractured, weathered, or karstic unit is a
relatively abrupt increase in borehole size.

bit | caliper
size

SHALE
‘caved hole’

«—— 'on gauge’

HARD LIMESTONE
BED |
mud cake thickness

= caliper/2

IMPERMEABLE
*SANDSTONE

SPONTANEOUS POTENTIAL (SP) LOGS

‘bad hole” or
"tight spot’
SHALE
The SP log measures the natural voltages that are created within
the borehole due to the presence of borehole fluids, formation

fluids, and formation matrix materials. It is recorded by

measuring the difference in electrical potential in millivolts
between an electrode in the borehole and a grounded electrode Figure A- 1: The caliper log showing some typical responses.

at the surface. The SP log is commonly used to 1) detect (Froen Rider, 2002).

permeable beds, 2) detect boundaries of permeable beds,
3) determine formation water resistivity, and 4) determine
the volume of shale in permeable beds. The constant SP
readings observed in thicker shale units define the shale
base line, a reference line from which further formation
matrix and formation fluid property calculations may be
completed. Although this log is consistently used in oil
and gas applications, its effectiveness in water wells is
limited since the method requires a contrast in salinity
between borehole and formation fluids (Figure A-2). This
condition is often not met in ground water wells.

Figure A- 2: Conditions required to produce an SP response.

1 Rider, M. (2006) The Geological Interpretation of Well Logs, Rider-French Consulting, Ltd., 280pp.



Borehole Methods

The SP log can be qualitatively used for permeability recognition. SP deflections from the shale base line
commonly indicate the presence of a permeable bed. The magnitude and direction of the deflection is
dependent upon the relative resistivity (or salinity) values of the borehole fluid and the formation fluid.  If the
formation fluid resistivity is less than the borehole fluid resistivity, then the relative SP values will decrease in a
porous, coarse-grained unit.  Alternately, if the formation fluid resistivity is greater than the borehole fluid
resistivity, the relative SP values will increase in the same body, and the curve shape is referred to as a "reversed
SP". If both fluid resistivities are equal, no SP deflection will occur.

GAMMA RAY LOGS
. i . GAMMA RAY LOG

The gamma ray log is a passive instrument that measures the T iy

amount of naturally occurring radioactivity from geologic units

within the borehole. Commonly occurring radioelements

ET

SHALE

include potassium, thorium, and uranium; the two former SANDSTONE “
elements are predominant within a common fine-grained rock

sequence. The gamma ray log is also an excellent lithologic

porous |-

LIMESTONE

ARKOSE

indicator because fine-grained clays and shales contain a

MICACEOUS

higher radioelement concentration than limestones or sands. SANDSTONE
Gamma ray values are often used to assess the percentage of SILTIFINE SAND
clay materials (indurated or non-indurated) that are present KROLNITE [
within a formation by utilizing empirically derived equations mg‘r‘"ﬁ“”'“s"::m.s
and sand-shale base line information. LLITE

ORGANIC RICH/

BLACK SHALE
NORMAL RESISTIVITY LOGS —

FINING-UP 5"""” =

o 5 SANDSTONE

Resistivity is @ measure of how well an electric current passes Clean

through a material. Formation resistivity is an intrinsic
property of rocks and depends on the porosity and resistivity
of the interstitial fluid and rock matrix.

SHALE

SHALE BASE
e LINE

Figure A- 3: Characteristic gamma ray responses. (From
In sedimentary rocks, the resistivity values of shales (5 - 30 Rider, 2002).

ohm-m) is generally lower than the resistivity of sandstone (30

—100 ohm-m), which is lower than the resistivity limestone (75 —300 ohm-m). The resistivity log often shows a
picture of the overall depositional sequence in sedimentary environment. Resistivity of igneous and
metamorphic rocks is extremely high when compared to resistivity in sedimentary rocks, with values that are
commonly thousands of ohm-meters. Example resistivity log responses are shown in Figure A- 4.

FLUID RESISTIVITY LOGS

of fluid resistivity, which is the reciprocal of fluid conductivity, provides data related to the concentration of
dissolved solids in the fluid column.  Although the quality of the fluid column may not reflect the quality of
adjacent interstitial fluids, information can be quite useful when combined with other logs. For example, change
in fluid resistivity associated with a water-producing zone that is corroborated by other logs may indicate the
inflow of ground water.

Attachment A: Overview of Logging Methods

>
N



Borehole Methods

RESISTIVITY LOGS
————— deap
shallow

Scalo: ohmalm2/m(f)

1 10 100 1000 10 000

SINGLE-POINT RESISTANCE LOGS SHALE
Single point resistance measurements are made by passing a —
constant current between two electrodes and recording the voltage
fluctuations as the probe is moved up the borehole. The
resistance variations measured in the borehole is primarily due to e
variations in the immediate vicinity of the downhole electrode.

*SANDSTONE

POROUS

The resistance log is strongly affected by the resistance of the *SANDSTONE

drilling fluid and variations in borehole diameter. It is extremely

useful for detecting fractures in boreholes with relatively constant T e AN
diameter. In sedimentary environments, the resistance log

generally follows the variations in resistivity of the formation. (_FNNGUP g[S
Shales in clay generally exhibit low values, sandstones have SA:::OTS;E' cLEAN [

SALT WATER

intermediate values, while coal and limestone beds have high
resistance values.

Figure A- 4: Characteristic resistivity responses. (From

Rider, 2002)
TEMPERATURE LOGS

Temperature logs measure the change in fluid temperature within the borehole as a function of depth. This log
can indicate the location of water- producing strata or fracture zones within the well. The inherent assumption of
this technique is that the fluids entering the borehole from water producing zones are either cooler or warmer
than the fluid in the borehole. In this case, it is possible to relate a temperature anomaly to a depth range in
which waters of different temperature are emanating from a water-producing/receiving or fractured lithologic
unit.

OPTICAL TELEVIEWER (OTV) LOGS

The optical televiewer probe combines the axial view of a downward looking digital imaging system with a
precision ground hyperbolic mirror to obtain an undistorted 360° view of the borehole wall. The probe records
one 360° line of pixels at 0.003-ft depth intervals. The sample circle can be divided into 720 or 360 radial samples
to give 0.5° or 1° radial resolution.  For this investigation, the highest radial resolution (0.5°) was used. The line
of pixels is aligned with respect to True North and digitally stacked to construct a complete, undistorted, and
oriented image of the borehole walls. The data are 24 -bit true color and may be used for lithologic
determination as part of the interpretation. Since the acquired image is digitized and properly oriented with
respect to borehole deviation and tool rotation, it allows data processing to provide accurate strike and dip
information of structural features. The borehole image is often shown as an “unwrapped” 360° image in which
the cylindrical borehole image is sliced down the northern axis and flattened out as shown in Figure A- 6.

Attachment A: Overview of Logging Methods
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Borehole Methods

Unwrapped Image
Fracture signature has
classic sinusoidal shape
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Figure A-5: Schematic showing the sinusoidal fracture signature in the unwrapped borehole view.
ACOUSTIC TELEVIEWER (ATV) LOGS

Acoustic televiewer provides a 360° acoustic image of the borehole walls that can be used to identify and
determine the orientation of planar features such as bedding and fractures. The data can also indicate the
relative degree of hardness of formation materials. As shown in Figure A-7, Ultrasonic pulses are transmitted
from a rotating transducer inside the tool. The transmitted pulses reflect off the borehole wall and return to the
tool where the travel time and amplitude of the acoustic signal are measured. In order for the acoustic waves to
travel to and from the borehole wall, the well must be fluid filled. Greater travel time can indicate openings in
the rock. Strong amplitude suggests smooth, competent rock. Weaker amplitudes suggest rough or less
competent rock.

Attachment A: Overview of Logging Methods

e
i



Borehole Methods

acoustic transducer

rotating mirror

motor

Figure A- 6: Schematic of the acoustic televiewer tool.

tool qxis

borehole wall

hole radius
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WELL LOGS




HydrolLog

Well Name: 1612 Ray\/i“e Elevations:

API Well Number: N/A Kelly bushings:  N/A

Company: Environmental Alliance, Inc. Drilling floor: N/A

Municipality: Parkton Ground level:

Farm: N/A Permanent datum is:

7.5 Quad Name: New Freedom Permanent datum elevation: Unknown
County: Baltimore Log is measured from:  Top of casing, 1.35" above grd
State: Maryland Height above log datum: N/A

Date: 6/30/2009 Drilling measured from: N/A
Recorded by: M. Scott McQuown, P.G. Height above drilling datum: N/A
Witness:

TD - Driller:

TD - logger: 114' Mokess

Drive Pipe Depth:  N/A

Deepest Casing - Driller:
Deepest Casing - Logger: 23’

Fluid Level:
WELL LOGGING OPERATIONS

Run 1 2
Log POLY CAL
Date 6/30/2009 6/30/2009
Symbols
’il Casing Bottom
Water-bearing zone (undifferentiated)

Gamma Ray Depth Fluid Resistivity

Page 1
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Surface & Borehole Services

Optical Televiewer
Acoustic Televiewer

Well Name: 1612 Rayville

API Well Number: N/A

Elevations:
Kelly bushings:  N/A

Company: Environmental Alliance, Inc. Drilling floor: N/A

Municipality: Parkton Ground level:

Farm: N/A Permanent datum is:

7.5' Quad Name: New Freedom Permanent datum elevation: Unknown
County: Baltimore Log is measured from:  Top of casing, 1.35' above grd
State: Maryland Height above log datum: ~ N/A

Date: 6/30/2009 Drilling measured from: N/A
Recorded by: M. Scott McQuown, P.G. Height above drilling datum: N/A
Witness:

TD - Driller: Notes:

TD - logger: 114"

Drive Pipe Depth:  N/A
Deepest Casing - Driller:
Deepest Casing - Logger: 23'

Magnetic declination applied: 11.1 deg West

Fluid Level:
WELL LOGGING OPERATIONS
Run | 2
Log otV ATV
Date 6/30/09 6/30/09
Plane Type
/ Open Fracture 0/ Bedding / Foliation Q/ Non-planar void or joint

Optical View Depth Acoustic Amplitude

Acoustic Travel Time Plane Projection Dip & Dip Direction
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Surface & Borehole Services

HydrolLog

Well Name: 1608 RaYV]”e Elevations:

API Well Number: N/A Kelly bushings:  N/A

Company: Environmental Alliance, Inc. Drilling floor: N/A

Municipality: Parkton Ground level:

Farm: N/A Permanent datum is:

7.5' Quad Name: New Freedom Permanent datum elevation: Unknown
County: Baltimore Log is measured from:  Top of casing, 3.75' below grd
State: Maryland Height above log datum: N/A

Date: 6/30/2009 Drilling measured from: N/A
Recorded by: M. Scott McQuown, P.G. Height above drilling datum: N/A
Witness:

TD - Driller:

TD - logger: 84.7' Notes:

Drive Pipe Depth:  N/A

Deepest Casing - Driller:
Deepest Casing - Logger: 44'

Fluid Level:
WELL LOGGING OPERATIONS

Run 1 2
Log POLY CAL
Date 6/30/2009 6/30/2009
Symbols
’ZI Casing Bottom
Water-bearing zone (undifferentiated)

Gamma Ray Depth Fluid Resistivity

s __ane

Page 1



0 CPS 200 g Ohm-m 7
Spontaneous Potential ;3] Temperature
.................................... 2
400 mV 700 & 13 DegC 15
Caliper @ Single Point Resistance
L B o e e T B D 0 4 S S e e A R e A e i s S e B e e AR
5 Inch 15 8 100 ohm 10000
i 8" Normal Resistivity
D | g oo o s e v e i o i e e
§ 100 Ohm-m 10000
2 16" Normal Resistivity
[het
100 Ohm-m 10000
- / i
: |
= 10 !
= [
L. i R
- !
I } il
I 1 ]
[ \
i [ i
" ‘\
— 20 —
| a \°
IR 4 L]
| - 5
T o £ =
B gl 1}
I l £
B - s |7
: }
— 30 [
|- \ 1]
| N [ L
)
L - {
| - \
B |
B /
: %
— 40 i
B ]

\I\l\LIHl\IHl‘WTA

[

s 3 N {
:"' 70 3 S ‘_‘“ Y ( _______ ~
= =, Y I {
B & e & I
_ 2 = 1 X { ~
B o 5 Fa
_ . Y \ -._. }
e 3 ‘\‘ \.' \
B ) oS P AR —
| \ \\\ [, W g il
— 80 A
B by Py 5N
L \ X X
| _—— s N \ _

Page 2



Surface & Borehole Services

Optical Televiewer
Acoustic Televiewer

Well Name: 1608 RayVl“e

APT Well Number: N/A

Elevations:
Kelly bushings:  N/A

Company: Environmental Alliance, Inc. Drilling floor: N/A

Municipality: Parkton Ground level:

Farm: N/A Permanent datum is:

7.5' Quad Name: New Freedom Permanent datum elevation: Unknown
County: Baltimore Log is measured from:  Top of casing, 3.75' below grd
State: Maryland Height above log datum: N/A

Date: 6/30/2009 Drilling measured from: N/A
Recorded by: M. Scott McQuown, P.G. Height above drilling datum: N/A
Witness:

TD - Driller:

TD - logger: 84.7' Wotes:

Drive Pipe Depth:  N/A
Deepest Casing - Driller:
Deepest Casing - Logger: 44'

Magnetic declination applied: 11.1 deg West

Fluid Level:
WELL LOGGING OPERATIONS
Run 1 2
Log oTv ATV
Date 6/30/2009 6/30/2009
Plane Type

O/ Open Fracture 0/ Bedding / Foliation

Optical View Depth Acoustic Amplitude

Acoustic Travel Time Plane Projection Dip & Dip Direction
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Surface & Borehole Services

HydrolLog

Well Name: 1606 Rayvi”e Elevations:

API Well Number: N/A Kelly bushings: ~ N/A

Company: Environmental Alliance, Inc. Drilling floor: N/A

Municipality: Parkton Ground level:

Farm; N/A Permanent datum is:

7.5' Quad Name: New Freedom Permanent datum elevation: Unknown
County: Baltimore Log is measured from:  Top of casing, 3.4' below grd
State: Maryland Height above log datum: N/A

Date: 6/30/2009 Drilling measured from: N/A
Recorded by: M. Scott McQuown’ P.G. Height above drilling datum: N/A
Witness:

TD - Driller:

TD - logger: 135.7° Notes:

Drive Pipe Depth:  N/A

Deepest Casing - Driller:
Deepest Casing - Logger: 27"

Fluid Level:
WELL LOGGING OPERATIONS

Run 1 2
Log POLY CAL
Date 6/30/2009 6/30/2009
Symbols
II’ Casing Bottom
Water-bearing zone (undifferentiated)

Gamma Ray Depth Fluid Resistivity
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Optical Televiewer
Acoustic Televiewer

Well Name: 1606 RayVI”e

API Well Number: N/A

Elevations:
Kelly bushings:  N/A

Company: Environmental Alliance, Inc. Drilling floor; N/A

Municipality: Parkton Ground level:

Farm: N/A Permanent datum is:

7.5' Quad Name: New Freedom Permanent datum elevation: Unknown
County: Baltimore Log is measured from:  Top of casing, 3.4" below grd
State; Maryland Height above log datum: N/A

Date: 6/30/2009 Drilling measured from: N/A
Recorded by: M. Scott McQuown, P.G. Height above drilling datum: N/A
Witness:

TD - Driller:

TD - logger: 135:7" Motes:

Drive Pipe Depth:  N/A
Deepest Casing - Driller:
Deepest Casing - Logger: 27’

Magnetic declination applied: 11.1 deg West

Fluid Level:
WELL LOGGING OPERATIONS
Run 1 2
Log oTv ATV
Date 6/30/2009 6/30/2009
Return depth error .09 0.02
Plane Type

O/ Open Fracture

0/ Bedding / Foliation

J Non-planar void or joint

Optical View

Depth

Acoustic Amplitude

Acoustic Travel Time Plane Projection

Dip & Dip Direction
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ATTACHMENT C

STATISTICAL METHODS

DEFINITION OF TERMS:

Confidence Limit - This angular value reflects confidence in the MEAN within a specified degree of certainty. For example, a 95%
confidence cone indicates that the true MEAN lies within the cone angle of the calculated mean, with a 95% confidence. This feature
gives an indication of the reliability of the sample, or if the sample is big enough.

Variability Limit - This value reflects the natural variability of the data, assuming that the mean is correct. A 95% variability indicates
that any pole, selected from the population represented by the mapped sample, has a 95% probability of falling within the
variability cone.

Fisher Dispersion Coefficient - A Fisher Dispersion Coefficient "K" is automatically calculated for each Set. A larger "K" indicates a
tighter cluster.

FORMULAS

The formulae for the confidence and variability limits used in this report are as follows:

Variability limit angle: cos(alpha) = 1.0 + log(1-P)/(K)
Confidence limit angle: cos(alpha) = 1.0 + log(1-P)/(RK)

where P is one of 2 probabilities:

For variability, it is the probability that a vector selected at random makes a solid angle of theta with the calculated mean.
For confidence, it is the probability that the calculated mean is within theta of the true population mean.

P in the above formulae ranges from 0 to 1 (i.e. 0 % to 100%)

K and R are defined as follows: K is Fisher's constant = (N - 1) / (N - R); where N is the total length of pole vectors in a set, and R is
the length of the resultant vector (upon vector addition of all poles in the set)

The values of N and R are derived from the mean vector calculation for a set. Since we consider a sphere of unit radius, each pole
vector is of unit length, and therefore the value of N is numerically equal to the number of poles in the set. The value of R is the
length of the resultant vector, upon vector addition of all poles in a set (therefore the value of R is always less than or equal to the
value of N). The orientation of vector R, is the mean orientation for the set.

Reference :
Priest, S5.D. (1985) Hemispherical projection methods in rock mechanics. London: George Allen & Unwin. 124p. The formulae are
calculated as described in Section 5.4 pages 44 to 50 (Variability: Equations 5.17 and 5.18, Confidence: Equations 5.19 and 5.20)
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Orientations of Fracture and Foliation Planes

Wally's Citgo Site

Well ID Depth  Dip Dir. Type Strike/Dip Strike Azimuth
(feet) (deg) (deg) (Quadrant) (Right-hand-rule)
MW-9B 87.02 I 295 55|0pen Fracture N25E/55NW 205.0
MW-9B 87.65 % 294 65|0pen Fracture N24E/65NW 204.0
MW-9B 8849 344[@.' 56 |0Open Fracture N74E/56NW 254.0
MW-9B 94.23 300%i 25|Foliation N30E/25NW 210.0
MW-9B 95.(@%' 204 10 50|Open Fracture N24E/50NW 204.0
MW-9B 96.72 [l 3018 60|Open Fracture N31E/60NW 211.0
MW-9B 99. 120 291 62|Open Fracture N21E/62NW 201.0
MW-9B 10918 269 E 26|Foliation N1W/26SW 179.0
MW-9B 117.58 BT 305 38 |Foliation N35E/38NW 215.0
MW-9B 135.83[0 314 26|Foliation N44E/26NW 224.0
MW-9B 14180 117 [l 73|Open Fracture N27E/73SE 27.0
MW-9B 149.07F 295)F 29|Foliation N25E/29NW 205.0
MW-9B 165.73 1 217 26| Foliation N53W/265W 127.0
MW-9B 173.06 0 261 20|Foliation NOW/20SW 171.0
MW-9B 185.98 00 1950 62|Open Fracture N75W/62SW 105.0
MW-9B 186.78 [l 250 N 67|Open Fracture N20W/67SW 160.0
MW-9B 189.38[0 222[0 66|0pen Fracture N48W/66SW 132.0
MW-9B 195.21 [N 312 26|Foliation N42E/26NW 222.0
MW-9B 196.32[1 225[¢ 46|0pen Fracture N45W/465W 135.0
MW-9B 200.74 0 1958 41|0pen Fracture N75W/41swW 105.0
MW-9B 205.02F0" 235 36| Foliation N35W/365W 145.0
MW-9B 208.09E“ 215[ 16|Foliation N55W/16SW 125.0
MW-9B 216200 227f¢ 32|0Open Fracture N43W/32SW 137.0
MW-9B 217.29| 65 41|Open Fracture N25W/41NE 335.0
MW-9B 218.82| 4700 71|Open Fracture N43W/71NE 317.0
MW-9B 219.04[ 51 E 68|0pen Fracture N39W/68NE 321.0
MW-9B 219.7| 53 I 74|0pen Fracture N37W/74NE 323.0
MW-9B 2218600 274 53|Open Fracture N4E/53NW 184.0
MW-9B 224 310 2700 25|Foliation NOW/25W 180.0
MW-9B 22970 254 58|0pen Fracture N16W/585W 164.0
MW-9B 232.73[ 6 67 |Open Fracture N84W/67NE 276.0
MW-9A 46.17 314} 15|0pen Fracture N44E/15NW 224.0
MW-9A 51.09 [ 288% 36|0pen Fracture N18E/36NW 198.0
MW-9A 5549l 287 IF 47|0pen Fracture N17E/47NW 197.0
MW-9A 57.15| 4F 23|0Open Fracture N86W/23NE 274.0
MW-9A 57 9| 334 26|0pen Fracture N64E/26NW 244.0
MW-9A 58.19 [ 325 52|0Open Fracture NS5E/52NW 235.0
MW-8B 84.46 107 2635 27 |Open Fracture N7W/275W 173.0
MW-8B 86.19|0 228 47|Open Fracture N42W/47SW 138.0
MW-8B 90.49 E 307 29|0pen Fracture N37E/29NW 217.0
MW-8B 93.25 T 295 [ 69|Open Fracture N25E/69NW 205.0
MW-8B 93.49 2840 46|0pen Fracture N14E/46NW 194.0
MW-7A 45680 294| 23|Open Fracture N24E/23NW 204.0
MW-7A 4920 287[F 27 |Foliation N17E/27NW 197.0
MW-7A 50.51 [0 270 27 |Foliation NOW/27W 180.0
MW-7A 51.03| 297|0 49|0pen Fracture N27E/49NW 207.0
MW-7A 52,7400 307 26|Foliation N37E/26NW 217.0
MW-7A 58.05[ 293[ 22 |Foliation N23E/22NW 203.0
MW-7A 50 319f 20|Open Fracture N49E/20NW 229.0
MW-7A 60.1 IE: 314[ 17 |Foliation N44E/17NW 224.0
MW-7A 60.93%’;, 277| 12|Open Fracture N7E/12NW 187.0
MW-7B 100.98 7 261] 13|0pen Fracture NOW/13SW 171.0
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Orientations of Fracture and Foliation Planes

Wally's Citgo Site

Well ID Depth  Dip Dir. Dip Type Strike/Dip Strike Azimuth
(feet) (deg) (deg) (Quadrant) (Right-hand-rule)
MW-7B 215.92 0 307[F 29|0pen Fracture N37E/29NW 217.0
MW-8A 47.@E" 28410 47|Open Fracture N14E/47NW 194.0
MWV-8A 48158 264% 16|Open Fracture N6W/165W 174.0
MW-8A 4881 1300 56|Open Fracture N40E/56SE 40.0
MW-8A 48.89% 292 22|0pen Fracture N22E/22NW 202.0
MW-8A 53.32[1L 239 42|Open Fracture N31W/42SW 149.0
MW-8A 61.87 3121 21|Open Fracture N42E/21NW 222.0
1606 3.1 267 22|Open Fracture N3W/22SW 177.0
1606 38.64[l. 254 84|Open Fracture N16W/84SW 164.0
1606 40.02[80 240 17|Open Fracture N30W/17SW 150.0
1606 41.89|0 2720 26|0Open Fracture NZ2E/26NW 182.0
1606 42.22 E 2670 30|Open Fracture N3W/30SW 177.0
1606| 42420 262F 26|Open Fracture N8W/265W 172.0
1606 43.16[0 274—% 36|0Open Fracture N4E/36NW 184.0
1606 43.@{7 283 27 |Foliation N13E/27NW 193.0
1606| 46.99[ 0 294 74|0pen Fracture N24E/74NW 204.0
1606 58.62|l0 339 28|0pen Fracture N69E/28NW 249.0
1606| 59.41|0 268[0 26|Foliation N2W/265W 178.0
1606 61.8510 1110 56|0Open Fracture N21E/56SE 21.0
1606| 62.06[10 269 26|Open Fracture N1W/26SW 179.0
1606| 67.69[ 289 26|Foliation N19E/26NW 199.0
1606 69.140 274 26|Foliation N4E/26NW 184.0
1606| 73.69 T 305 53|Open Fracture N35E/53NW 215.0
1606 76.84[00 283% 26|Open Fracture N13E/26NW 193.0
1606| 81.15|@0 273 26|Foliation N3E/26NW 183.0
1606| 83.31 E 295[F 26|Foliation N25E/26NW 205.0
1606| 87.65[H 290[F 24 |Foliation N20E/24NW 200.0
1606] 91250 2160 79|Open Fracture N54W/79SW 126.0
1606| 93.35[0 232% 87|Open Fracture N38W/87SW 142.0
1606 94.17 [l 301[F 31|Foliation N31E/31NW 211.0
1606 97.83 256 31|Open Fracture N14W/31SW 166.0
1606| 99.43[ 273 28|Foliation N3E/28NW 183.0
1606| 99.96[0 273 28|Foliation N3E/28NW 183.0
1606/ 100.55 295 19|Foliation N25E/19NW 205.0
1606] 10710 243 21|Foliation N27W/21SW 153.0
1606 113.37| 285 7|Open Fracture N15E/7NW 195.0
1606 115.49%‘_'" 231 I 81|Open Fracture N39W/81SW 141.0
1606| 116.73[ . 212 [0 79|0pen Fracture N58W/795W 122.0
1606] 120.47 | 302 19|Foliation N32E/19NW 212.0
1606 124.(&%" 270 12|Foliation NOW/12W 180.0
1606| 133.08| 274 24 |Foliation N4E/24NW 184.0
1606 134.24[00 242 29|0Open Fracture N28W/29SW 152.0
1608 44590 277 41|Open Fracture N7E/41NW 187.0
1608 54.030 277|F 56 |Foliation N7E/56NW 187.0
1608| 58.76[H 311| 42 |Foliation N41E/42NW 221.0
1608 37|Open Fracture N45E/37NW 225.0
1608 70|Open Fracture N17W/70SW 163.0
1608 48|0pen Fracture N26W/485W 154.0
1608 57 |Foliation N18W/57SW 162.0
1608 41|Foliation N19E/41NW 199.0
1608 41|Foliation N16E/41NW 196.0
1608 41|Foliation NSW/41SW 175.0
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Orientations of Fracture and Foliation Planes

Wally's Citgo Site

Well ID Depth  Dip Dir. Type Strike/Dip Strike Azimuth

(feet) (deg) (Quadrant) (Right-hand-rule)
1608| 83.01j 272|WF 41|Foliation N2E/41NW 182.0
1612 . 269 36|Foliation N1W/365SW 179.0
1612 255% 35|Foliation N15W/355W 165.0
1612 242 86|Open Fracture N28W/86SW 152.0
1612 ]} 0|Open Fracture N9OE/ON 270.0
1612 ' 324% 30|Open Fracture N54E/30NW 234.0
1612 3080 32|0pen Fracture N38E/32NW 218.0
1612 2090 31|Open Fracture N29E/31NW 209.0
1612 209| 52|Open Fracture N29E/52NW 209.0
1612 72 IR 82|Open Fracture N18W/82NE 342.0
1612 271 B 23|0pen Fracture N1E/23NW 181.0
1612 316 25|0pen Fracture N46E/25NW 226.0
1612 1335 8 37|Open Fracture N65E/37NW 245.0
1612 342%j 40|Open Fracture N72E/40NW 252.0
1612 3231 20|Open Fracture N53E/20NW 233.0
1612 SOF,,‘_ 79|0Open Fracture N30W/79NE 330.0
1612 281 27 |Foliation N11E/27NW 191.0
1612 329 31|Foliation N5S9E/31NW 239.0
1612 ~ 328[F 14[Open Fracture N58E/14NW 238.0
1612| 100.17 [l 310|@ 27|Foliation N40E/27NW 220.0
1612 101.4SE 2378 42|Open Fracture N33W/425W 147.0
1612| 109.14|8 283[F 19|Foliation N13E/19NW 193.0
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Andrew Applebaum

From: Scott McQuown [smcquown@armgeophysics.net]
Sent: Wednesday, August 12, 2009 8:18 AM

To: aapplebaum@envalliance.com

Subject: Structure Plots for '09 data

Attachments: structure plots of 09 wells.doc

Hi Drew,

Here are the structure plots for the ‘09 data as you requested.

Kind regards,
Scott

M. Scott McQuown, P.G.
Senior Geologist/Geophysicist
Borehole Operations Manager

Juchsos @ forenals Jenioar

ARM Geophysics

1129 West Governor Road

P.O. Box 797, Hershey, PA 17033-0797
Toll Free: 888-WELL-LOG

Mobile: 610-380-4778

Fax: 866-601-1994
smeguown@armgeophysics.net

www.armgeophysics.net




WELL
= 1808 [35]
4 1608 [11]
- 1812 [21]
Equal Angle
Upper Hemisphere
B7 Poles
67 Entries
TYPE
B Foliation [28]
A Open Fracture [39]
Equal Angle
Upper Hemisphere
87 Poles
67 Entries

Polar diagram of all planes categorized by type.



QOrientations
D Dip / Direction

1 m 29 j 281

65% Variablity

95 % Confidence

Set Statistics
Set: 1m (UNWEIGHTED)
28 Poles from 28 Entries
Fisher's K = 32.7648
68.26% Variability Limit = 15.2091 degrees
95.44% Variability Limit = 25.0746 degrees
99.74% Variability Limit = 35.0816 degrees
68.26% Confidence Limit = 2.90926 degrees
95.44% Confidence Limit = 4.77304 degrees
99.74% Confidence Limit = 6.62864 degress
99.74% Confidence Limit = 6.62865 degrees

Equal Angle
Upper Hemisphere
28 Poles
28 Entries

Apparent Strike
10 max planes / arc
at outer circle

Trend / Plunge of
Face Normal= 0, 90
(directed away from viewer)

No Bias Correction

28 Planes Plotted
Within 0 and 90
Degrees of Viewing
Face

Rose diagram of foliation planes showing a predominant NNE/SSW strike direction



Setl 2 Winddw

Orientations
D Dip / Direction

i m 24 / 286
2 m 85 7 237

Sel 1 96% L"-jua‘mhly/—'
\

nfident

Equal Angle
Upper Hemisphere
39 Poles
39 Entries

Polar diagram of fracture planes showing mean dip & dip direction and set statistics.

Set Statistics

Set: 1m (UNWEIGHTED)

26 Poles from 26 Entries

Fisher's K = 19.3655

68.26% Variability Limit = 19.8237 degrees
95.44% Variability Limit = 32.8019 degrees
99.74% Variability Limit = 46.1608 degrees
68.26% Confidence Limit = 3.96895 degrees
95.44% Confidence Limit = 6.51264 degrees
99.74% Confidence Limit = 9.04664 degrees
Set: 2m (UNWEIGHTED)

9 Poles from 9 Entries

Fisher's K = 20.1646

68.26% Variability Limit = 19.4231 degrees
95.44% Variability Limit = 32.1274 degrees
99.74% Variability Limit = 45.1852 degrees
68.26% Confidence Limit = 6.59394 degrees
95.44% Confidence Limit = 10.8264 degrees
99.74% Confidence Limit = 15.0522 degrees

Apparent Strike
5 max planes / arc
at outer circle

Trend / Plunge of
Face Normal = 0, 90
(directed away from viewer)

No Bias Correction
39 Planes Plotted
Within 0 and 90
Degrees of Viewing
Face
Rose diagram showing strike distribution of fracture planes.
Dip Dir. Dip Type Strike/Dip Strike Azimuth
(deg) (deg) (Quadrant) (Right-hand-rule)
281 29 Foliation N11E/29NW 191.0
286 24  Frac Set 1 N16E/24NW 196.0
237 85 Frac Set2 N33W/855W 147.0




Appendix 1V

Soil Boring/Well Logs
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Log of Boring: SVE-01 Project Code: 1962

Date Started: 06/15/09 Project Name: Carroll Fuel - Parkton
Date Completed: 06/15/09 Drilled By: Eichelbergers
Total Depth (ft): 37.00 Logged By: Jason Yaple
Boring Diameter (in): 8 3/4" Drill Rig: T4
o Bedrock Depth (ft): 29 Drill Method: Air Rotary
Elevation (ft-msl): N/A Sampling Method: Direct observation
Remark: N/A
= >~ . ) 3
_g_ ;é é é_,—g % E § L|tho|$>g|lcal é_ _? well Comments
[} o © Q = H
8 & 2 SE e £ T Description g5 Construction
0 1 =
i FILL: Asphalt and gravel 2 2
sub-base SN Set 4" diameter 20 slot
b 2 screen 22-37', casing 0-22',
. P #2 sand 20-37', hydrated
) \|>v/lllt_h T;?gebgj?;vvnelsgg(/ﬂ? re sand bentoniteoh(ile plug 1-20',
E te 0-1'.
fragments throughout, moist eoncrete
-5
| 0.0
_10 —
i ML: Same as above, more
3 regular drill chatter lighter/
i tan color
15 4 ML: Same as above, maroon
15 0.0
| s SAPROLITE: Brown/ green /\ ggg inate borehole @ 37
1 saprolite, regular chatter, |
1 easy drilling, similar texture /\
220 — 0.0 to above /\ |
1 AN
1 AN
-25 /\
1 AN
| 0.0 /\
] AN
| N
-30 — 6 05 SCHIST: Gray sandy H
cuttings with gravel bedrock
7 fragments micaceous schist,
1 graphitic texture
0.0
-35 0.0 \
_ N
0.0

Environmental Alliance, Inc. Page 1 of 1




Log of Boring: SVE-02 Project Code: 1962
Date Started: 06/15/09 Project Name: Carroll Fuel - Parkton
Date Completed: 06/15/09 Drilled By: Eichelbergers
Total Depth (ft): 37.00 Logged By: Jason Yaple
Boring Diameter (in): 8 3/4" Drill Rig: T4
o Bedrock Depth (ft): 26 Drill Method: Air Rotary
Elevation (ft-msl): N/A Sampling Method: Direct observation
Remark: N/A
o D~ [a) . . T =
= 23 %_‘_g 2 E o Lithological % g Well Comments
8 § § § £ 5 g g Description é’ % Construction
0 > -
| 1 FILL: Asphalt and gravel sub ¥ 2 g;teindzlgr_\;t;t"e[:ig%oé_zz“
base A #2 sand 21-37', hydrated
1 2 bentonite hole plug 1-21',
i ML: Brown and maroon silt concrete 0-1'.
and sand with many rock
i fragments
-5+
i 0.0
_10 —
i 0.0
-15 —
| 3 0.0 SAPROLITE: Gray green
and brown weatherd schist
1 (saprolite) sandy silt cuttings
i more drill chatter
_20 —
| 4 00 | SAPROLITE: Tan color
same as above
] ® SAPROLITE: Dark brown
“257 0.0
| 6 SCHIST: Gray micaceous Terminate borehole @ 37
schist steady drill chatter,
] 0.0 graphitic texture
_30 —
i 0.0
-35 —

Environmental Alliance, Inc.
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Log of Boring: SVE-03 Project Code: 1962
Date Started: 06/15/09 Project Name: Carroll Fuel - Parkton
Date Completed: 06/15/09 Drilled By: Eichelbergers
Total Depth (ft): 37.00 Logged By: Jason Yaple
Boring Diameter (in): 8 3/4" Drill Rig: T4
. Bedrock Depth (ft): 33 Drill Method: Air Rotary
Elevation (ft-msl): N/A Sampling Method: Direct observation
Remark: N/A
. >~ Ia) . . 3
£ ;é é é,—g % E g L|tho|$>g|lcal Sg’- _? well Comments
[} o © = 5 < i
8 g3 52 8 £ z Description g5 Construction
0 -
| 1 FILL: Asphalt and gravel fill g’;teindz'gr_g(;t.?[:igﬁéoé_zz.’
#2 sand 21-37', hydrated
) 2 0.0 - - bentonite hole plug 1-21',
| ML.: Light brown/maroon silt concrete 0-1".
with sand and gravel
1 fragments
-5+
_10 —
] 3 0.0 ML: Same as above, tan and
red
-15
| 00 | SAPROLITE: Saprolite /\
bedrock schist weathered /\ |
1 high mica content gray green /\
-20 1 0.0 /\ |
1 N
i 0.0 /\
1 N
-25 /\
1 N
7 N
~30 7 74\ - |
| 0.0 /\
1 s SCHIST: Gray and brown \\ Terminate borehole @ 37'
1 steady drilling chatter, schist
-35 bedrock \
| N

Environmental Alliance, Inc.
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Log of Boring: SVE-04

Project Code: 1962

Date Started: 06/15/09 Project Name: Carroll Fuel - Parkton
Date Completed: 06/15/09 Drilled By: Eichelbergers
Total Depth (ft): 37.00 Logged By: Jason Yaple
Boring Diameter (in): 8 3/4" Drill Rig: T4
o Bedrock Depth (ft): 31 Drill Method: Air Rotary
Elevation (ft-msl): N/A Sampling Method: Direct observation
Remark: N/A
o D~ [a) . . T =
s | 88 | g3t 28 | = Lihologiea! £2 wiel Comments
8 § 2 § £ E g g Description g £ Construction
0 .
1 . Set 4" diameter 20 slot
. ASPHALT: Asphalt and screen 22-37', casing 0-22',
gravel #2 sand 21-37', hydrated
i 2 0.0 bentonite hole plug 1-21',
g ML: Light brown and maroon concrete 0-1'.
| silt with sand and gravel
fragments, high micaceous,
-5 soft, non-plastic
_10 —
| 3 ML: Same as above, tan and
0.0 red zones
-15 —
| 4 SAPROLITE: Gray green /A
highly micaceous weathered |
1 schist bedrock saprolite /\
i graphitic texture cuttings
-20 —
i 0.0
i 5 SAPROLITE: Tan same as
above
-25 —
| 6 SAPROLITE: Gray same as ggg inate borehole @ 37
above
_30 —
|7 00 | SCHIST: Gray schist
bedrock, harder drill chatter,
1 highly micaceous
_35 —

Environmental Alliance, Inc.
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ace Analytical

www.pacelabs.com

July 07, 2009

Cari Finch
Environmental Alliance
1035 Berfield Blvd.
Suite |

Millersville, MD 21108

RE: Project: 1962C T:09 Wally's BP

Pace Project No.: 1098058

Dear Cari Finch:

Pace Analytical Services, Inc.
1700 EIm Street - Suite 200

Minneapolis, MN 55414
(612)607-1700

Enclosed are the analytical results for sample(s) received by the laboratory on June 26, 2009. The
results relate only to the samples included in this report. Results reported herein conform to the

most current NELAC standards, where applicable, unless otherwise narrated in the body of the

report.

If you have any questions concerning this report, please feel free to contact me.

Sincerely,
Colin Schuft

colin.schuft@pacelabs.com
Project Manager

Enclosures

REPORT OF LABORATORY ANALYSIS

This report shall not be reproduced, except in full,

without the written consent of Pace Analytical Services, Inc..
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ace Analytical

www.pacelabs.com

Project: 1962C T:09 Wally's BP

Pace Project No.: 1098058

CERTIFICATIONS

Pace Analytical Services, Inc.
1700 EIm Street - Suite 200

Minneapolis, MN 55414
(612)607-1700

Minnesota Certification IDs
Wisconsin Certification #: 999407970
Washington Certification #: C754
Alaska Certification #: UST-078
Arizona Certification #: AZ-0014
Tennessee Certification #: 02818
Pennsylvania Certification #: 68-00563
Oregon Certification #: MN200001
North Dakota Certification #: R-036
North Carolina Certification #: 530
New York Certification #: 11647
New Jersey Certification #: MN-002

Montana Certification IDs
Montana Certification #: MT CERT0040
Idaho Certification #: MT00012

Montana Certification #: MT CERT0092
Minnesota Certification #: 027-053-137

Maine Certification #: 2007029
Louisiana Certification #: LA0O80009
Louisiana Certification #: 03086
Kansas Certification #: E-10167
lowa Certification #: 368

Illinois Certification #: 200011

Florida/NELAP Certification #: E87605

California Certification #: 01155CA

EPA Region 8 Certification #: 8TMS-Q

REPORT OF LABORATORY ANALYSIS

This report shall not be reproduced, except in full,
without the written consent of Pace Analytical Services, Inc..
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Pace Analytical Services, Inc.
1700 EIm Street - Suite 200
Minneapolis, MN 55414

(612)607-1700

Analytical”
www.pacelabs.com
SAMPLE SUMMARY
Project: 1962C T:09 Wally's BP
Pace Project No.: 1098058
Lab ID Sample ID Matrix Date Collected Date Received
1098058001 SVE10625091125 Air 06/25/09 11:25 06/26/09 09:13
1098058002 SVE20625091315 Air 06/25/09 13:15 06/26/09 09:13
SVE30625091435 Air 06/25/09 14:35 06/26/09 09:13
Air 06/25/09 15:40 06/26/09 09:13
Air 06/25/09 16:45 06/26/09 09:13

1098058003
1098058004 SVE40625091540
1098058005 MW50625091645

Page 3 of 13
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This report shall not be reproduced, except in full,
without the written consent of Pace Analytical Services, Inc.
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ace Analytical

www.pacelabs.com

SAMPLE ANALYTE COUNT

Pace Analytical Services, Inc.
1700 EIm Street - Suite 200
Minneapolis, MN 55414

(612)607-1700

Project: 1962C T:09 Wally's BP
Pace Project No.: 1098058

Analytes
Lab ID Sample ID Method Analysts Reported
1098058001 SVE10625091125 TO-3 Air DB1 8
1098058002 SVE20625091315 TO-3 Air DB1 8
1098058003 SVE30625091435 TO-3 Air DB1 8
1098058004 SVE40625091540 TO-3 Air DB1 8
1098058005 MW50625091645 TO-3 Air DB1 8

REPORT OF LABORATORY ANALYSIS

This report shall not be reproduced, except in full,

without the written consent of Pace Analytical Services, Inc..
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ace Analytical

www.pacelabs.com

ANALYTICAL RESULTS

Project: 1962C T:09 Wally's BP

Pace Project No.: 1098058

Pace Analytical Services, Inc.
1700 EIm Street - Suite 200
Minneapolis, MN 55414

(612)607-1700

Sample: SVE10625091125

Lab ID: 1098058001 Collected: 06/25/09 11:25 Received: 06/26/09 09:13 Matrix: Air

Parameters Results Units Report Limit DF Prepared Analyzed CAS No. Qual
TO3 GCV AIR BTEX BAG Analytical Method: TO-3 Air
Benzene ND ppmv 0.20 2 07/06/09 12:12 71-43-2
Ethylbenzene ND ppmv 0.20 2 07/06/09 12:12 100-41-4
Methyl-tert-butyl ether ND ppmv 0.20 2 07/06/09 12:12 1634-04-4
THC as Gas 10 ppmv 2.0 2 07/06/09 12:12 A4
Toluene 1.1 ppmv 0.20 2 07/06/09 12:12 108-88-3
mé&p-Xylene ND ppmv 0.40 2 07/06/09 12:12 1330-20-7
0-Xylene ND ppmv 0.20 2 07/06/09 12:12 95-47-6
TO3 GCV AIR Meth,Ethane,Ethene Analytical Method: TO-3 Air
THC as C1-C4 4.0 ppmv 3.0 2 07/01/09 10:43 A4
Date: 07/07/2009 09:35 AM REPORT OF LABORATORY ANALYSIS Page 5 of 13

This report shall not be reproduced, except in full,

without the written consent of Pace Analytical Services, Inc..
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ace Analytical

www.pacelabs.com

ANALYTICAL RESULTS

Project: 1962C T:09 Wally's BP

Pace Project No.: 1098058

Pace Analytical Services, Inc.
1700 EIm Street - Suite 200
Minneapolis, MN 55414

(612)607-1700

Sample: SVE20625091315

Lab ID: 1098058002 Collected: 06/25/09 13:15 Received: 06/26/09 09:13 Matrix: Air

Parameters Results Units Report Limit DF Prepared Analyzed CAS No. Qual
TO3 GCV AIR BTEX BAG Analytical Method: TO-3 Air
Benzene ND ppmv 0.20 2 07/06/09 13:42 71-43-2
Ethylbenzene ND ppmv 0.20 2 07/06/09 13:42 100-41-4
Methyl-tert-butyl ether ND ppmv 0.20 2 07/06/09 13:42 1634-04-4
THC as Gas 4.7 ppmv 2.0 2 07/06/09 13:42 A4
Toluene ND ppmv 0.20 2 07/06/09 13:42 108-88-3
mé&p-Xylene ND ppmv 0.40 2 07/06/09 13:42 1330-20-7
0-Xylene ND ppmv 0.20 2 07/06/09 13:42 95-47-6
TO3 GCV AIR Meth,Ethane,Ethene Analytical Method: TO-3 Air
THC as C1-C4 6.7 ppmv 3.0 2 07/01/09 10:48 A4
Date: 07/07/2009 09:35 AM REPORT OF LABORATORY ANALYSIS Page 6 of 13

This report shall not be reproduced, except in full,

without the written consent of Pace Analytical Services, Inc..
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ace Analytical

www.pacelabs.com

ANALYTICAL RESULTS

Project: 1962C T:09 Wally's BP

Pace Project No.: 1098058

Pace Analytical Services, Inc.
1700 EIm Street - Suite 200
Minneapolis, MN 55414

(612)607-1700

Sample: SVE30625091435

Lab ID: 1098058003 Collected: 06/25/09 14:35 Received: 06/26/09 09:13 Matrix: Air

Parameters Results Units Report Limit DF Prepared Analyzed CAS No. Qual
TO3 GCV AIR BTEX BAG Analytical Method: TO-3 Air
Benzene ND ppmv 0.44 4.35 07/06/09 14:00 71-43-2
Ethylbenzene ND ppmv 0.44 4.35 07/06/09 14:00 100-41-4
Methyl-tert-butyl ether ND ppmv 0.44 4.35 07/06/09 14:00 1634-04-4
THC as Gas 7.8 ppmv 44 435 07/06/09 14:00 A4
Toluene ND ppmv 0.44 4.35 07/06/09 14:00 108-88-3
mé&p-Xylene ND ppmv 0.87 4.35 07/06/09 14:00 1330-20-7
0-Xylene ND ppmv 0.44 4.35 07/06/09 14:00 95-47-6
TO3 GCV AIR Meth,Ethane,Ethene Analytical Method: TO-3 Air
THC as C1-C4 4.9 ppmv 39 259 07/01/09 11:00 A4
Date: 07/07/2009 09:35 AM REPORT OF LABORATORY ANALYSIS Page 7 of 13

This report shall not be reproduced, except in full,

without the written consent of Pace Analytical Services, Inc..
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ace Analytical

www.pacelabs.com

Project:

Pace Project No.: 1098058

1962C T:09 Wally's BP

ANALYTICAL RESULTS

Pace Analytical Services, Inc.
1700 EIm Street - Suite 200
Minneapolis, MN 55414

(612)607-1700

Sample: SVE40625091540

Lab ID: 1098058004

Collected: 06/25/09 15:40 Received: 06/26/09 09:13 Matrix: Air

Parameters Results Units Report Limit DF Prepared Analyzed CAS No. Qual
TO3 GCV AIR BTEX BAG Analytical Method: TO-3 Air
Benzene ND ppmv 0.19 1.93 07/06/09 14:13 71-43-2
Ethylbenzene 1.1 ppmv 0.19 1.93 07/06/09 14:13 100-41-4
Methyl-tert-butyl ether ND ppmv 0.19 1.93 07/06/09 14:13 1634-04-4
THC as Gas 115 ppmv 19 193 07/06/09 14:13 A4
Toluene 12.2 ppmv 0.19 1.93 07/06/09 14:13 108-88-3
mé&p-Xylene 7.9 ppmv 0.39 1.93 07/06/09 14:13 1330-20-7
0-Xylene 3.0 ppmv 0.19 1.93 07/06/09 14:13 95-47-6
TO3 GCV AIR Meth,Ethane,Ethene Analytical Method: TO-3 Air
THC as C1-C4 5.0 ppmv 29 193 07/01/09 11:05 A4
Date: 07/07/2009 09:35 AM REPORT OF LABORATORY ANALYSIS Page 8 of 13

This report shall not be reproduced, except in full,

without the written consent of Pace Analytical Services, Inc..
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ace Analytical

www.pacelabs.com

ANALYTICAL RESULTS

Project: 1962C T:09 Wally's BP

Pace Project No.: 1098058

Pace Analytical Services, Inc.
1700 EIm Street - Suite 200
Minneapolis, MN 55414

(612)607-1700

Sample: MW50625091645

Parameters

Lab ID: 1098058005 Collected: 06/25/09 16:45 Received: 06/26/09 09:13 Matrix: Air

Results Units Report Limit DF Prepared

Analyzed CAS No. Qual

TO3 GCV AIR BTEX BAG

Benzene
Ethylbenzene
Methyl-tert-butyl ether
THC as Gas

Toluene

mé&p-Xylene
0-Xylene

TO3 GCV AIR Meth,Ethane,Ethene
THC as C1-C4

Date: 07/07/2009 09:35 AM

Analytical Method: TO-3 Air

ND ppmv 0.20 2
2.0 ppmv 0.20 2
ND ppmv 0.20 2
160 ppmv 2.0 2
21.8 ppmv 0.20 2
17.4 ppmv 0.40 2
6.1 ppmv 0.20 2
Analytical Method: TO-3 Air
ND ppmv 3.0 2

REPORT OF LABORATORY ANALYSIS

This report shall not be reproduced, except in full,

without the written consent of Pace Analytical Services, Inc..
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07/06/09 14:27 71-43-2
07/06/09 14:27 100-41-4
07/06/09 14:27 1634-04-4
07/06/09 14:27 A4
07/06/09 14:27 108-88-3 E
07/06/09 14:27 1330-20-7
07/06/09 14:27 95-47-6

07/01/09 11:11 A4

Page 9 of 13
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ace Analytical

www.pacelabs.com

Pace Analytical Services, Inc.
1700 EIm Street - Suite 200
Minneapolis, MN 55414

(612)607-1700

QUALITY CONTROL DATA

Project: 1962C T:09 Wally's BP

Pace Project No.: 1098058

QC Batch: AIR/8780 Analysis Method: TO-3 Air

QC Batch Method:  TO-3 Air Analysis Description: TO3 GCV AIR METH,ETHANE,ETHENE

Associated Lab Samples:

1098058001, 1098058002, 1098058003, 1098058004, 1098058005

METHOD BLANK: 644002

Associated Lab Samples:

Matrix: Air

1098058001, 1098058002, 1098058003, 1098058004, 1098058005

Blank Reporting
Parameter Units Result Limit Analyzed Qualifiers
THC as C1-C4 ppmv ND 1.5 07/01/09 10:11
LABORATORY CONTROL SAMPLE & LCSD: 644003 644004
Spike LCS LCSD LCS LCSD % Rec Max
Parameter Units Conc. Result Result % Rec % Rec Limits RPD RPD Qualifiers
THC as C1-C4 ppmv 30 354 335 118 112 70-130 5 30

Date: 07/07/2009 09:35 AM

REPORT OF LABORATORY ANALYSIS Page 10 of 13

This report shall not be reproduced, except in full,
without the written consent of Pace Analytical Services, Inc..
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ace Analytical

www.pacelabs.com

QUALITY CONTROL DATA

Project: 1962C T:09 Wally's BP
Pace Project No.: 1098058

Pace Analytical Services, Inc.
1700 EIm Street - Suite 200
Minneapolis, MN 55414

(612)607-1700

QC Batch: AIR/8793 Analysis Method: TO-3 Air
QC Batch Method:  TO-3 Air Analysis Description: TO3 GCV AIR BTEX BAG
Associated Lab Samples: 1098058001, 1098058002, 1098058003, 1098058004, 1098058005

METHOD BLANK: 645947 Matrix: Air
Associated Lab Samples: 1098058001, 1098058002, 1098058003, 1098058004, 1098058005
Blank Reporting
Parameter Units Result Limit Analyzed Qualifiers

Benzene ppmv ND 0.10 07/06/09 10:20

Ethylbenzene ppmv ND 0.10 07/06/09 10:20

m&p-Xylene ppmv ND 0.20 07/06/09 10:20

Methyl-tert-butyl ether ppmv ND 0.10 07/06/09 10:20

0-Xylene ppmv ND 0.10 07/06/09 10:20

THC as Gas ppmv ND 1.0 07/06/09 10:20

Toluene ppmv ND 0.10 07/06/09 10:20

LABORATORY CONTROL SAMPLE & LCSD: 645948 645949

Spike LCS LCSD LCS LCSD % Rec Max
Parameter Units Conc. Result Result % Rec % Rec  Limits RPD RPD Qualifiers

Benzene ppmv 1 1.0 1.0 103 103 70-130 0 30
Ethylbenzene ppmv 1 1.0 1.0 104 104 70-130 0 30
mé&p-Xylene ppmv 2 2.1 2.1 106 104 70-130 2 30
Methyl-tert-butyl ether ppmv 1 11 11 107 108 70-130 1 30
0-Xylene ppmv 1 1.1 1.1 111 108 70-130 2 30
THC as Gas ppmv 10 8.9 8.7 89 87 70-130 2 30
Toluene ppmv 1 1.0 1.0 103 105 70-130 2 30
Date: 07/07/2009 09:35 AM REPORT OF LABORATORY ANALYSIS Page 11 of 13

This report shall not be reproduced, except in full,
without the written consent of Pace Analytical Services, Inc..
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Pace Analytical Services, Inc.

aCBAnalyﬁcal ’ 1700 Elm Street - Suite 200

> www.pacelabs.com Minneapolis, MN 55414
(612)607-1700

QUALIFIERS

Project: 1962C T:09 Wally's BP
Pace Project No.: 1098058

DEFINITIONS

DF - Dilution Factor, if reported, represents the factor applied to the reported data due to changes in sample preparation, dilution of
the sample aliquot, or moisture content.
ND - Not Detected at or above adjusted reporting limit.

J - Estimated concentration above the adjusted method detection limit and below the adjusted reporting limit.
MDL - Adjusted Method Detection Limit.

S - Surrogate

1,2-Diphenylhydrazine (8270 listed analyte) decomposes to Azobenzene.

Consistent with EPA guidelines, unrounded data are displayed and have been used to calculate % recovery and RPD values.
LCS(D) - Laboratory Control Sample (Duplicate)

MS(D) - Matrix Spike (Duplicate)

DUP - Sample Duplicate

RPD - Relative Percent Difference

NC - Not Calculable.

Pace Analytical is NELAP accredited. Contact your Pace PM for the current list of accredited analytes.

U - Indicates the compound was analyzed for, but not detected.

ANALYTE QUALIFIERS

Ad Sample was transferred from a Tedlar bag into a Summa Canister within 48 hours of collection.
E Analyte concentration exceeded the calibration range. The reported result is estimated.
Date: 07/07/2009 09:35 AM REPORT OF LABORATORY ANALYSIS Page 12 of 13

This report shall not be reproduced, except in full,
without the written consent of Pace Analytical Services, Inc..
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ace Analytical

www.pacelabs.com

QUALITY CONTROL DATA CROSS REFERENCE TABLE

Pace Analytical Services, Inc.
1700 EIm Street - Suite 200

Minneapolis, MN 55414
(612)607-1700

Project: 1962C T:09 Wally's BP
Pace Project No.: 1098058
Analytical
Lab ID Sample ID QC Batch Method QC Batch Analytical Method Batch
1098058001 SVE10625091125 TO-3 Air AIR/8780
1098058002 SVE20625091315 TO-3 Air AIR/8780
1098058003 SVE30625091435 TO-3 Air AIR/8780
1098058004 SVE40625091540 TO-3 Air AIR/8780
1098058005 MW50625091645 TO-3 Air AIR/8780
1098058001 SVE10625091125 TO-3 Air AIR/8793
1098058002 SVE20625091315 TO-3 Air AIR/8793
1098058003 SVE30625091435 TO-3 Air AIR/8793
1098058004 SVE40625091540 TO-3 Air AIR/8793
1098058005 MW50625091645 TO-3 Air AIR/8793

Date: 07/07/2009 09:35 AM

REPORT OF LABORATORY ANALYSIS

This report shall not be reproduced, except in full,
without the written consent of Pace Analytical Services, Inc..
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Client: Environmental Alliance
Phone: (410)729-9000
Lab Sample No: 1098058001
Client Sample ID: SVE10625091125
Report Limit

Parameters ppmv

Air

TO-3 Air
Benzene 0.2
Ethylbenzene 0.2
mé&p-Xylene 0.4
Methyl-tert-butyl ether 0.2
0-Xylene 0.2
THC as C1-C4 3
THC as Gas 2
Toluene 0.2

Lab Sample No: 1098058002

Client Sample ID: SVE20625091315

Report Limit

Parameters ppmv

Air

TO-3 Air
Benzene 0.2
Ethylbenzene 0.2
mé&p-Xylene 0.4
Methyl-tert-butyl ether 0.2
0-Xylene 0.2
THC as C1-C4 3
THC as Gas 2
Toluene 0.2

Date: 7/7/2009

ANALYTICAL RESULTS

ProjSampleNum: 1098058001

Matrix: Air

Results  Report Limit Results

ppmv mg/m3 mg/m3
ND 0.65 ND
ND 0.88 ND
ND 1.8 ND
ND 0.73 ND
ND 0.88 ND
4.0 31 411
10 8.7 43.4
11 0.77 421

ProjSampleNum: 1098058002

Matrix: Air

Results  Report Limit Results

ppmv mg/m3 mg/m3
ND 0.65 ND
ND 0.88 ND
ND 1.8 ND
ND 0.73 ND
ND 0.88 ND
6.7 31 6.89
4.7 8.7 20.4
ND 0.77 ND
SUPPLEMENTAL REPORT

Units Conversion Request

Pace Anaitical Sandces, The.
1700 Efm Streat — Suite 200
Nnneapolis, VN 55474
Phone: 612607 1700

Faw G112 607 Bads

Lab Project Number: 1098058
Project Name: 1962C T:09 Wally's BP

DF

N D DNDNDNDNDDNDDN

DF

N DNDDNDNDNDDNDDNDDN

Date Collected: 06/25/09 11:25
Date Received: 06/26/09 9:13

Analyzed CAS No.
07/06/09 12:12 DB1  71-43-2
07/06/09 12:12 DB1  100-41-4
07/06/09 12:12 DB1  1330-20-7
07/06/09 12:12 DB1  1634-04-4
07/06/09 12:12 DB1  95-47-6
07/01/09 10:43 DB1
07/06/09 12:12 DB1
07/06/09 12:12 DB1  108-88-3

06/25/09 13:15
06/26/09 9:13

Date Collected:
Date Received:

Analyzed CAS No.
07/06/09 13:42 DB1  71-43-2
07/06/09 13:42 DB1 100-41-4
07/06/09 13:42 DB1 1330-20-7
07/06/09 13:42 DB1 1634-04-4
07/06/09 13:42 DB1  95-47-6
07/01/09 10:48 DB1
07/06/09 13:42 DB1
07/06/09 13:42 DB1 108-88-3

Page 1
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Client: Environmental Alliance
Phone: (410)729-9000
Lab Sample No: 1098058003
Client Sample ID: SVE30625091435
Report Limit

Parameters ppmv

Air

TO-3 Air
Benzene 0.44
Ethylbenzene 0.44
mé&p-Xylene 0.87
Methyl-tert-butyl ether 0.44
0-Xylene 0.44
THC as C1-C4 3.9
THC as Gas 4.4
Toluene 0.44

Lab Sample No: 1098058004

Client Sample ID: SVE40625091540

Report Limit

Parameters ppmv

Air

TO-3 Air
Benzene 0.19
Ethylbenzene 0.19
mé&p-Xylene 0.39
Methyl-tert-butyl ether 0.19
0-Xylene 0.19
THC as C1-C4 2.9
THC as Gas 1.9
Toluene 0.19

Date: 7/7/2009

ANALYTICAL RESULTS

ProjSampleNum: 1098058003

Matrix: Air

Results  Report Limit Results

ppmv mg/m3 mg/m3
ND 14 ND
ND 1.9 ND
ND 3.8 ND
ND 1.6 ND
ND 1.9 ND
4.9 4 5.04
7.8 19 33.9
ND 1.7 ND

ProjSampleNum: 1098058004

Matrix: Air

Results  Report Limit Results

ppmv mg/m3 mg/m3
ND 0.62 ND
11 0.84 4.86
7.9 1.7 34.9
ND 0.7 ND
3.0 0.84 13.2
5.0 3 5.14
115 8.2 499
12.2 0.73 46.7
SUPPLEMENTAL REPORT

Units Conversion Request

Pace Anaitical Sandces, The.
1700 Efm Streat — Suite 200
Nnneapolis, VN 55474
Phone: 612607 1700

Faw G112 607 Bads

Lab Project Number: 1098058
Project Name: 1962C T:09 Wally's BP

DF

4.35
4.35
4.35
4.35
4.35
2.59
4.35
4.35

DF

1.93
1.93
1.93
1.93
1.93
1.93
1.93
1.93

Date Collected: 06/25/09 14:35
Date Received: 06/26/09 9:13

Analyzed CAS No.
07/06/09 14:00 DB1  71-43-2
07/06/09 14:00 DB1  100-41-4
07/06/09 14:00 DB1  1330-20-7
07/06/09 14:00 DB1  1634-04-4
07/06/09 14:00 DB1  95-47-6
07/01/09 11:00 DB1
07/06/09 14:00 DB1
07/06/09 14:.00 DB1  108-88-3

06/25/09 15:40
06/26/09 9:13

Date Collected:
Date Received:

Analyzed CAS No.
07/06/09 14:13 DB1  71-43-2
07/06/09 14:13 DB1 100-41-4
07/06/09 14:13 DB1 1330-20-7
07/06/09 14:13 DB1 1634-04-4
07/06/09 14:13 DB1  95-47-6
07/01/09 11:05 DB1
07/06/09 14:13 DB1
07/06/09 14:13 DB1 108-88-3

Page 2
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Client: Environmental Alliance
Phone: (410)729-9000
Lab Sample No: 1098058005
Client Sample ID: MW50625091645
Report Limit
Parameters ppmv
Air
TO-3 Air
Benzene 0.2
Ethylbenzene 0.2
mé&p-Xylene 0.4
Methyl-tert-butyl ether 0.2
0-Xylene 0.2
THC as C1-C4 3
THC as Gas 2
Toluene 0.2

Date: 7/7/2009

ANALYTICAL RESULTS

ProjSampleNum: 1098058005

Matrix: Air

Results  Report Limit Results

ppmv mg/m3 mg/m3
ND 0.65 ND
2.0 0.88 8.83
17.4 1.8 76.8
ND 0.73 ND
6.1 0.88 26.9
ND 31 ND
160 8.7 694
21.8 0.77 83.5
SUPPLEMENTAL REPORT

Units Conversion Request

DF

N D DNDNDNDNDDNDDN

Pace Anaitical Sandces, The.
1700 Efm Streat — Suite 200
Nnneapolis, VN 55474
Phone: 612607 1700

Faw G112 607 Bads

Lab Project Number: 1098058
Project Name: 1962C T:09 Wally's BP

Date Collected: 06/25/09 16:45
Date Received: 06/26/09 9:13

Analyzed CAS No.

07/06/09 14:27 DB1 71-43-2
07/06/09 14:27 DB1 100-41-4
07/06/09 14:27 DB1 1330-20-7
07/06/09 14:27 DB1 1634-04-4
07/06/09 14:27 DB1 95-47-6
07/01/09 11:11 DB1

07/06/09 14:27 DB1

07/06/09 14:27 DB1 108-88-3

Page 3
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)
S AaceAnalytical ~pant Name:

Courler‘ﬁ Fed Ex [] UPS [1 usPs [] Client [] Commercial [ ] Pace Other
[T yes )ﬁ\ no Sealsintact: [ Jyes [] no

Custody Seal on Coofer/Box Preseny:

Packing Maierial: [ ] Bubble Wrap []Bubble Bags E{None [ other

Tracking #: 296 7 69/ S7SL

ENY Lo, Project # /09§05

Date and Initigls ﬂgers e){%ln'm\g
contents:g % 'ﬁ&

Commenis:
Chain of Custody Present: Q@es Ono  Dnva 4.
Ghain of Custody Filled Out: IS'[?es ONe  Ona |2
Chain of Custody Relinguished: éﬁ'es ClNe OO |3 ) ]
Sampier Name & Signature on COC: ‘Dives ONe  CinA |4
Samples Arrived within Hold Time: ' ﬂﬁes ONo  [Inva |5,
Short Hold Time Analysis (<72ht): Kves Ono Linmle. T3
Rush Turn Around Time Requested: tIZ]Yes WNO (N7 '
Sufffcient Votume: T “q‘q’:res II_lNo ONiE|8 ) i S
Correct Containers Used: l#\(es CNe  Diwafo
-Pace Conlainers Used: D}?\ms Civo Ol
Containers Intact: R L ~ Wes Uno  Onva J10.
Media: /h)o\ / WJ 11. -
Sample Labels maich COG: kﬁes Llwo BNz,
Samples Received: /19 M_ﬂ r
Canisters o Flow Conirollers Stand Alone G Tedlar Bags

Sample Number| CanID | Sample Number Can D Sample Number | Can ID Sample Number  Can 1D
Client Notification/ Resolution: Field Data Required? Y / N

Person Contacted: Date/Time:

Comments/ Resolution:

Project Manager Review:

Date __,,(0,‘/26 / ;) "\l
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1.0 INTRODUCTION

The Wally’s Citgo facility is an active commercial gasoline service station located at 19200
Middletown Road in Parkton, Baltimore County, Maryland (site). The site is situated near the
southwest corner of the intersection of Middletown Road and Rayville Road. Figure 1 presents

the location of the site.

The initial investigation activities associated with the site were implemented in the summer of
2005 to comply with the Maryland Department of the Environment — Qil Control Program
(MDE) emergency regulations concerning underground storage tank system (USTs) within high
risk groundwater use areas in Maryland. The detected presence of benzene and methyl-tertiary
butyl ether (MTBE) concentrations above MDE groundwater standards at site monitoring wells
installed at that time has led to continuing investigation and interim remedial actions conducted

to date.

Numerous monitoring wells (23 installed with one abandoned in January 2008) and soil borings
(23 installed) were advanced to evaluate conditions associated with the Wally’s Citgo property to
comply with the MDE investigation requirements since 2005. Table 1 presents an inventory of
the existing monitoring wells installed. In addition, potable water supply wells in the area have
been sampled on a regular basis by Alliance with other area potable wells sampled from time to
time since 2005 to confirm groundwater quality and to supplement potable well data collected by
MDE and the Baltimore County Health Department. The results of the initial groundwater
evaluation indicated that a source of MTBE was present in the groundwater near the
underground storage tank (UST) system on the Wally’s Citgo property. The presence of other
petroleum constituents (i.e. benzene, toluene, etc.) were also identified in groundwater at much

lesser concentrations than MTBE.
Since initiation of investigation activities in 2005, Alliance (under MDE oversight) has also

conducted groundwater investigation activities to characterize the physical nature of the

groundwater system in addition to monitoring well installation and monitoring/potable well



monitoring. The investigation work conducted includes, but is not limited to the following

activities.

. Down-hole geophysical testing and geochemical testing (refer to Hydrogeologic
Investigation Update Report and Work Plan by Alliance dated February 6, 2007).

. Packer testing (refer to Hydrogeologic Investigation Update Report, Groundwater
Delineation Work Plan, and Soil Alternative Corrective Action Plan (Update Report,
Delineation Work Plan, and Soil CAP) by Alliance dated June 15, 2007).

. Pump testing (refer to Update Report, Delineation Work Plan, and Soil CAP referenced
above and Pump Testing Report by Alliance dated July 31, 2007).

In January 2008 as part of interim remedial actions conducted at the site (that has included
operation of a soil vapor extraction system and excavation of soil identified above MDE
standards), the existing UST system was removed for upgrade to a new UST system. Soll
proximate to the then existing UST system was excavated to remove potential residual impact
that could act as a continuing source for groundwater impact. During system removal/upgrade
activities, no significant soil contamination was identified. Given this observation, the actual
source of a release to create a groundwater impact at the site is unclear. Refer to UST Closure,
UST System Installation, And Soil Remediation Sampling Results Letter Report by Alliance
dated March 6, 2008 for details.

Based on site physical and chemical characterization data and information collected from other
sources, a site conceptual model has been developed and refined to guide investigation and
evaluation of potential corrective action activities. The anticipated pathway of petroleum
contaminants through the subsurface environment would be similar to that of infiltrated water
through the subsurface to form a groundwater system. Precipitation infiltrating through the
regolith (unconsolidated sediments and saprolite) would mobilize petroleum constituents along a
path downward to the bedrock groundwater system. The reduction in permeability from
unconsolidated sediments to saprolite would likely cause increased lateral dispersion of the

petroleum constituents, although infiltration water and petroleum constituents would continue to



follow a downward path to the underlying schist bedrock as no groundwater is shown to collect
in the unconsolidated sediments to saprolite.

The reduced permeability of bedrock would cause the infiltration water and petroleum
constituents to collect and/or disperse along the bedrock surface while also penetrating
downward through bedrock preferential pathways. In the schist bedrock, the major preferential
pathways are the secondary porosity features (fractures and bedding plane or foliation partings).
A negligible pathway through the schist bedrock would be through the rock matrix (primary
porosity). Upon encountering groundwater stored in the bedrock secondary porosity, the
infiltration water and petroleum constituents would continue to disperse through the bedrock

groundwater system with the flow of groundwater.

The orientation of the bedrock secondary porosity features in conjunction with the natural
vertical and horizontal hydraulic gradients would control the flow of contaminants with
groundwater. Operation of the potable wells in the area will draw groundwater along the
secondary porosity features, diverting the flow of groundwater from the natural direction (gravity
controlled by the general topographic gradient of the area). Consistent demand of bedrock
groundwater from the limited storage available to the potable wells would restrict the lateral
dispersion of the petroleum constituents outside of the site area. The potable wells along the
identified preferred groundwater flow orientation of fracture strike, would generally act as sumps
to collect groundwater. Potable wells outside of the secondary porosity orientation and not in the
immediate area of the site would tend to draw groundwater from areas other than the area
impacted by groundwater. The vertical distribution of impact in the groundwater system would
also tend to be limited as minimal to no groundwater bearing zones have been identified with

increased depth in bedrock.

The purpose of the groundwater model discussed in this report is to provide a numeric
representation of the hydrogeologic conditions existing at the site and the surrounding area based
on the existing site conceptual model. The model allows the evaluation of groundwater flow and
MTBE transport at the site and in the surrounding areas through numeric simulations based on
existing data. It is not the intent of this groundwater model document to describe the methods



used to collect the data used, however, in some cases a brief explanation of the quality of the data

is discussed where interpretation is warranted.

Groundwater Modeling Systems (GMS) software, Version 6.5, developed by the United States
Department of Defense and distributed by Aqueveo, Inc. was utilized in the development of the
groundwater model for the site. This modeling software consists of numerous modules that are
interfaced to allow more accurate representation of hydrogeologic conditions and greater

flexibility in simulating and evaluating flow conditions on the site and surrounding area.

The “site” generally encompasses the entire region of the groundwater model that incorporates

numerous properties within the general drainage basin of the site.

It is not the intent of the groundwater model to solely define the hydrogeologic characteristics
that exist at the site, but rather the model is intended to be used as an additional evaluation tool in

conjunction with the more conventional evaluation methods that have been applied to the site.

Figures that have been included as part of this report are provided in an 11 x 17 inch paper size
format and are in color allowing the data to be graphically presented. Black and white copies
and/or smaller paper size copies of the figures may not present the data in the clarity originally

intended.
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20 MODEL CONSTRUCTION

2.1 General

Within acceptable geologic practice, the collection and/or evaluation of all data desired for a
particular investigative purpose may not be possible due to economics and/or logistic limitations.
For this reason, some necessary simplifying assumptions relative to the site’s geologic or
hydrogeologic characteristics have been made during the development of this groundwater
model. However, all of the assumptions and speculations have been based on sound and

accepted geologic and hydrogeologic theory and are identified when utilized.

The model was constructed in three stages. The first stage consisted of developing a three
dimensional solid conceptual model representing the physical characteristics of the site. The
second stage consisted of converting the three-dimensional solid conceptual model into a
numeric model for calibration and subsequent flow simulation. MODFLOW 2000, a widely
used and accepted finite difference model developed by the United States Geologic Survey, was
utilized for the numeric model. The model was constructed as a steady-state model, which
allows the input data to be interpolated through numerous iterations to solve the finite difference
equation. The third step consisted of incorporating a MODPATH code to evaluate the
movement of particles in the groundwater system. The modeled simulations presented in this
report are under steady state conditions.

2.2 Numeric Flow Model Construction

Boundary Conditions

The boundary conditions of the model are presented on Figure 1. The general model area (model
domain) is bordered to the north and southwest by groundwater divides that were designated as
MODFLOW “no flow” boundaries. It was apparent that any groundwater movement on the
eastern side of the model domain would not impact the results of the model; therefore, this

boundary was also assigned as a MODFLOW *“no flow” boundary.



A small western section of the model boundary associated with Frog Hollow Cove and a section
in the southeastern portion of the model associated with Owl Branch Creek were assigned as
MODFLOW drains. Based on the evaluation of the hydrogeologic characteristics of these areas,
it was assumed that these surface water bodies did not exhibit tidal influences and received

groundwater as base flow discharge.

The elevations of the surface water streams (drain nodes) were based on the United States
Geologic Survey (USGS) topographic quadrangle map of the area. The elevations were
estimated from the USGS maps and then 2.0 feet were subtracted from the estimated surface
water elevation at each node location to estimate the bottom of the creek bed elevation. The
bottom of the creek bed elevation was used in the model as the node elevation. These elevations

are presented on Figure 1.

Surface Water

Several small surface water bodies exist within the model domain. It is assumed that these
surface water bodies receive groundwater as base flow from the surrounding groundwater
aquifer. These surface water bodies were assigned as MODFLOW drains in the model. The
elevations were estimated from the USGS maps and then 2.0 feet were subtracted from the
estimated surface water elevation at each node location to estimate the bottom of the surface
water body bed elevation. The bottom of the stream bed elevation was used in the model as the
node elevation. These elevations are presented on Figure 1. The conductance values for the
surface water body bed materials were varied from 200 to 500 ft*/day/ft. It should be noted that
the drain conductance values had very little effect on the model solution (i.e., the model was

insensitive to changes in the drain conductance values), especially at the model boundaries.

Potable Supply Wells

There is no public water supply in the area of the site and as a result, each home or business
obtains potable water from a private water supply well on the individual property. The well
locations were assigned as MODFLOW “wells” in the model domain. The locations of these
wells are presented on Figure 2 and an inventory of these wells along with potable well
information (available well data from MDE and Baltimore County Health Department data bases



and assumed values for wells with no data based on available well information in the area) is

provided on Table 2. The open intervals of the wells were assigned to specific model layers.

The majority of the pumping rates used in the model were estimated. However, several of the
wells on and near the site had flow meters and actual pumping rates could be determined. Table
2 presents the pumping rates that were used in the model.

Model Grid

It has been assumed that anisotropy (preferential flow direction) exists on the site based on a
pumping test that was performed on the site in May and June of 2007. Based on the pumping
test, it was determined that preferential flow existed along the strike direction (approximately
N47°E).

The model grid was oriented parallel to the strike direction to simulate the preferential flow in
this direction. A general grid spacing of approximately 130 by 130 feet was assigned to the outer
domain of the model. The grid was refined in area of the site facility to allow details of the
model to be appropriately discretionized. The grid in this portion of the model was
approximately 30 by 30 feet. The general model grid is presented on Figure 3.

Recharge
The groundwater recharge values used in the model are presented on Figure 4. Groundwater

recharge is based on the average annual precipitation in a region. As a general “rule of thumb”,
recharge is approximately 1/3 of the actual precipitation that occurs in relatively flat and porous
terrain. Average precipitation in the area of the site is approximately 45 inches per year.! Under
ideal conditions, approximately 15 inches would recharge per year. However, it is expected that

recharge would be lower in the area of the site due to the low permeability of the soil material.

! National Oceanic and Atmospheric Administration (NOAA), Baltimore County, Maryland



Based on data provided by the USGS, recharge in the region ranges from 9.3 to 13.4 inches per
year.? According to the MDE in a 1998 publication entitled Maryland Ground Water Balance
Database Publication Information, groundwater recharge in the general model domain was

calculated to be approximately 8.4 inches per year (0.002 ft/day).

Based on the site characteristics, two additional recharge values were assigned to the model
domain in the area of the site. The second recharge value was assigned to the paved portion of
the site. The specific site area is paved; however, the pavement is in poor condition and
numerous landscape areas are present within the paved area. This area was assigned a relatively
lower recharge value of 0.0015 ft/day.

The third recharge area is in the location where the underground storage tanks and associated soil
was removed and backfilled with gravel material. Based on historic groundwater elevation
measurements collected at the site, a consistent groundwater mound is present below this
excavation area. It has been assumed that water collects in the excavation area and recharges the
underlying area at a higher rate than the surrounding area. A relatively higher recharge rate of
0.14 ft/day was used in this area to reproduce the mounding that was observed from the site

monitoring wells.

A sensitivity analysis of recharge was conducted to better understand the impact that this
parameter has on the groundwater model results. Higher and lower values of recharge were
evaluated. It was determined that the model was very sensitive to recharge: the higher values
caused flooding in the model in areas where none has been observed, and the lower recharge
values resulted in “dry cells” in the model where groundwater was known to exist. Additionally,
the sensitivity analysis was compared to the residual error between the observed groundwater
elevations and the simulated groundwater elevations. Table 6 presents the results of the

sensitivity analyses for recharge.

2 Estimates of Mean-Monthly & Annual Groundwater Recharge: Brandywine Creek (01480800) Marsh Creek
(01480675), Red Clay Creek (01479820), United States Geological Survey (USGS), Water Science Center.
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Model Layers
Figure 5 presents a graphical representation of the model layers and the hydraulic parameters

utilized in the construction of the groundwater model.

The site and general model area is underlain by the Pretty Boy Schist (renamed locally from the
Wissahickon Schist). The geology consists of approximately 40 feet of unconsolidated sediment
grading into weathered bedrock (saprolite) that in turn grades into fractured crystalline bedrock.
According to site specific data and publication data, the more permeable portion of the bedrock
material exists above 100 feet. A transition of lower hydraulic conductivities begins at
approximately 100 feet to approximately 300 feet at which depth very low hydraulic

conductivities exist.

Based on the evaluation of the hydrogeologic conditions that exist on the site, it is evident that a
water table condition exists in the general area of the site. The water table exists in the bedrock

portion of the geologic material.

For the purpose of model construction, the model was assigned eight MODFLOW layers to
represent the hydrogeologic units that exist at the site. Generally, the upper five layers were
designated to represent the more permeable upper bedrock. These layers are each 20 feet thick.
It should be noted that the unconsolidated sediment and saprolite were not represented since
groundwater flow did not exist in these units. The sixth and seventh layers represent the
transitional zones (20 feet thick and 200 feet thick, respectively) and the eighth layer represents
the vertical no-flow boundary of the model base.

Hydraulic Conductivity Assignment

Based on existing data (May and June 2007 pumping test and April and May 2007 slug tests
conducted at the site), the average horizontal hydraulic conductivity of the upper bedrock ranged
from 0.35 ft/day to 0.93 ft/day. Based on the calibration of the model (discussed below), a mean
horizontal hydraulic conductivity was assigned over the entire domain of the model of 0.41
ft/day. A sensitivity analysis of the hydraulic conductivity was conducted and is presented on
Table 7.



In conjunction with the horizontal hydraulic conductivity, horizontal and vertical anisotropy
ratios were assigned to the model layers. The horizontal hydraulic conductivity was based on the
May-June 2007 pumping test zone of influence. Based on the pumping test, a 2:1 ratio existed
along strike with the preferential flow direction along strike. As a result, an anisotropy ratio of

0.5 was assigned to the model.

A vertical anisotropy ratio of 1.2 was assigned to the layers of the model. This was based on the
model calibration only. Sensitivity analyses of the horizontal and vertical anisotropy ratios are

presented on Table 8.

2.3 Numeric Flow Model Calibration®

General

Calibration refers to the demonstration that the model is capable of producing field measured
heads and flows. Calibration can be evaluated both qualitatively and quantitatively; however,
even in a quantitative evaluation, the judgment of when the fit between model and reality is good

enough is a subjective one.

The groundwater model was calibrated to mean groundwater elevations collected in the site
monitoring wells and flow measurements collected in surface water streams. In addition, a
comparison was made to two additional sets of groundwater elevation data. The two additional
sets of groundwater elevation data included a composite set (numerous dates) of apparent static
water level measurements available from the MDE provided on drilling permits for existing

residential wells, and a set of water levels collected by the MDE in March of 1964.

® Anderson, M.P., Woessner, W. W., 1992, Applied Groundwater Modeling — Simulation of Flow and Advective
Transport, Academic Press, Inc., pp. 223-246.



Monitoring Well Calibration (Mean Water Levels)

Mean groundwater elevation data was calculated from the existing site monitoring well data.

These values were used as the calibration target for the model.

Initially, the associated average hydraulic conductivities were assigned to the eight layers close
to the values presented on Figure 5 to achieve the best calibration to the target values. Recharge
values were chosen close to those values presented on Figure 4, again to achieve the best
calibration to the target values. Trial and error was used to achieve the calibration. Concurrent
with the hydraulic conductivity and recharge parameter adjustments, simulated surface water

flow volumes were evaluated as discussed below.

During the calibration process, sensitivity analyses of the recharge values and the hydraulic
conductivity values (horizontal hydraulic conductivity, horizontal anisotropy, and vertical
anisotropy) were conducted to identify the optimum values to best match the calibration targets.
Tables 6, 7, and 8 present the results of the sensitivity analyses. A further discussion of the

sensitivity analyses is provided below.

The result of the calibration is presented in tabular format on Table 3 and is graphically

presented on Figure 7.

Surface Water Calibration

During the calibration process for the site monitoring wells, two surface water stream calibration
points were evaluated for flow volume. The location of the calibration points were based on
locations where stream flows were measured in the field on September 24, 2008. The location of

the monitoring points and the observed flows are presented on Figure 6.

During the calibration process, simulated flows were compared to observed flows. The final

results of the calibration for the flows are presented on Figure 6.



Comparison of MDE Groundwater Elevation Data — Composite Dates

A comparison of composite groundwater elevation data provided by the MDE from well
installations in the area of the site to the simulated head elevations is presented on Figure 7. The
MDE groundwater elevation measurements used in this comparison were evidently obtained
from drilling permits as the “static level” at the time the well was installed. These measurements
extend over numerous years and do not represent a single synoptic “snap shot” in time; however,
they do provide a reasonable groundwater elevation estimate at those well locations. Table 4
presents a tabular format of the comparison of the MDE data to the calibrated groundwater

elevation data. Figure 8 provides a graphical representation of the comparison.

Results of the comparison (see Figure 7) show that the MDE data plots along the “perfect fit”
line, with data points being well distributed on both sides of the line suggesting a reasonable

match.

MDE Groundwater Elevation Data — March 1964

A second set of MDE groundwater elevation data was used for comparison to the calibrated site

monitoring well groundwater elevation data. The second set of MDE data was collected by
MDE over two days in March 1964, providing a reasonable synoptic “snap shot” of groundwater

elevations across the model domain.

Table 5 presents a tabular comparison of this data to the calibrated mean groundwater elevation

data from the site monitoring well data. Figure 9 presents a graphical comparison of the data.
Results of both comparisons (see Figures 7 and 8) show that the MDE data plots along the
“perfect fit” line, with data points being well distributed on both sides of the line suggesting a

reasonable match.

Sensitivity Analyses

As discussed above, several sensitivity evaluations were conducted on the hydraulic parameters
input into the model. The sensitivity analyses allow key parameters of the model to be adjusted
independently of the other parameters to evaluate the sensitivity of each of the parameters within



the model. Generally, the purpose of the sensitivity analyses confirms the uniqueness of the set
of hydrogeologic parameters used in the model. This prevents the use of model boundary

conditions that allow broad ranges of parameter values that are non-unique to a specific site.

During the initial calibration, the recharge values were changed while the average hydraulic
conductivity values for each of the eight layers (provided on Figure 5) was held constant. The
recharge parameter was sensitive and was found to provide the best calibration to the mean
groundwater elevations in the site monitoring wells at a value of 0.002 ft/day. Table 6 presents
the results of the recharge sensitivity evaluation. It should be noted that recharge values above
0.002 ft/day also resulted in flooding of the lower portions of the model where none has been
observed. Values lower than 0.002 ft/day resulted in a significant drop in simulated stream

flows.

As discussed above, the hydraulic conductivity parameters used for the calibration to the mean
site groundwater elevation data worked best with the average values presented on Figure 5.
These values were derived through a trial and error process. Once the best quantitative
calibration was obtained, a sensitivity analysis of the parameters was conducted. Table 7
presents the sensitivity analyses for the horizontal hydraulic conductivity. Horizontal hydraulic
conductivity was a sensitive parameter and there was a very limited range in values that allowed

the model to converge.

Vertical and horizontal anisotropy was also evaluated for sensitivity in the model. Results of
these evaluations are presented on Table 8. Vertical anisotropy did not appear to be a sensitive
parameter. Horizontal anisotropy was an extremely sensitive parameter and allowed the model

to converge only with a ratio of 0.5.

Flow Budget
The flow budget of the MODFLOW model was evaluated to determine if reasonable inflows and

outflows of the model had been achieved. Based on the understanding of the site’s hydrologic

cycle, the aquifer on the site is primarily recharged from precipitation. Groundwater is



discharged from the aquifer through drainage into surface water streams and extraction from

potable wells. Results of the flow budget are presented on Table 9.

Based on the results of the flow budget, it is evident that the inflow of water into the model
domain closely matches the outflow of water from the model domain suggesting a reasonable

water budget balance.



3.0 SIMULATED GROUNDWATER FLOW

3.1 General

The simulated groundwater flow across the model domain is presented on Figure 10 through 13.
Figure 10 presents the groundwater flow in the general area of the site and Figure 11 presents the
groundwater flow over the entire region of the model. Figures 12 and 13 provide cross sections
through the model domain (see Figure 11 for the location of the cross sectional lines).

Based on the groundwater model simulation, groundwater elevations generally follow the
topographic contours. There is a distinct groundwater divide that roughly parallels Rayville
Road to the east. Groundwater in the vicinity of the site generally flows to the southwest.

3.2  Particle Tracking Analyses

As part of the groundwater flow simulations, a particle tracking analysis was conducted using
MODPATH. MODPATH is a widely used and accepted software code, developed by the USGS
that interfaces with MODFLOW and allows particle tracking in the flow model. This type of
analysis allowed particles to be released in the potable pumping wells and a reverse track of their
pathways was simulated to evaluate the potential migration pathways of dissolved state

contaminants in the groundwater originating from the site.

Four particles were released from each of the plaintiff well locations (with detectable
concentrations of MTBE) along the open interval of the well and were allowed to track
backwards without any time limit constraints. Marker arrows were placed along the path lines
every one year to allow an approximate time frame to be evaluated. Due to the size of the model
domain and the distribution of plaintiff wells with MTBE detections, the presentation of the path
line results were divided into four quadrants centered on the site location. The quadrants are
identified as northwest (Figure 14), northeast (Figure 15), southwest (Figure 16), and southeast

(Figure 17). In addition, particle tracking was applied to the three on-site pumping wells PW-1,
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PW-2, and PW-3. The results of the particle tracking from these wells are presented on Figure
18.

The reverse particle tracking is based on groundwater advection only and does not suggest that
dissolved groundwater constituents would migrate the entire length of the particle track line. It
simply suggests that if a particle were free to move, this is where it would eventually end up
assuming that there were no other factors diminishing the migration such as sorption, decay,

dilution, etc.

Northwest Quadrant (Figure 14)

Based on the model simulation, none of the plaintiff wells in the northwest quadrant would be

reached by constituents released in the vicinity of the site.

Northeast Quadrant (Figure 15)

Based on the model simulation, none of the plaintiff wells in the northeast quadrant would be

reached by constituents released in the vicinity of the site.

Southwest Quadrant (Figure 16)
It is evident that all of the plaintiff wells (1606, 1608, 1612, 1616, 1620, and 1624 Rayville

Road) in the southwest quadrant along Rayville Road could be reached by constituents released

at the site location. The estimated times of constituents reaching the plaintiff wells range from

approximately 14 years at 1606 Rayville Road to approximately 28 years at 1624 Rayville Road.

Southeast Quadrant (Figure 17)
The closest plaintiff well to the site, 19105 Middletown Road, does not appear to draw

groundwater directly from the site as the particle tracking ends at a point where the particles
released from the potable well terminate at the groundwater surface. The particle tracking shows
an approximate travel time from potable well to the groundwater surface of 15 years. The four
other plaintiff wells southeast from the site (18940, 18941, 18833, and 18829 Middletown Road)
are far enough that they would not be reached due to the limited zone of influence from these

wells.
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40 SUMMARY AND CONCLUSIONS

Based on the results of the groundwater model simulation discussed in this document, the

following conclusions have been reached:

. A well defined groundwater divide exists along the topographic ridge on which the site is
situated. The configuration of the groundwater divide results in groundwater flow in a
southwest direction from the site location.

. Six plaintiff wells (1606, 1608, 1612, 1616, 1620, and 1624 Rayville Road) have the

potential to be reached by constituents released from the site.

In summary six plaintiff wells (1606, 1608, 1612, 1616, 1620, and 1624 Rayville Road) have the
potential to be reached by constituents released at the site location. None of the other plaintiff
wells are at locations that would allow them to be impacted based on the hydrogeologic

characteristics that exist in the area.
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5.0 LIMITATIONS

The modeling in this report was performed using a commercially available software package
(Groundwater Modeling System-GMS, Version 6.5 developed by the United States Department
of Defense) designed to simulate groundwater flow and the migration of contaminants. Where
available, actual data from the site was utilized to calibrate the models and develop the graphical
representations presented in this document. In other instances, assumptions were necessary to
complete the model and limitations associated with the site data result in a level of uncertainty in
the model predictions. Therefore, the results of the model predictions should be independently

evaluated using actual site monitoring data.

The results of the model may differ from actual site conditions because of unknown subsurface
conditions. The results of the models presented in this document shall not be construed to create
any warranty or representation with regard to the site. The conclusions presented in this report
were based on the services described, and not on scientific tasks or procedures beyond the
described scope of services.
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TABLE 1

Well Inventory/Specifications
Wally's Citgo Station
Parkton, Maryland

Depth to Top of Top of Screen/Open
Top of Casing | Well Depth'| Screen/Open Borehole Screen/Open Borehole Elevation Bottom of Screen/Open Model
Well ID [ Elevation (ft/msl) (ft) (ft) Borehole Length (ft) (ft/msl) Borehole Elevation (ft/msl) | Layer(s)
MW-1 802.09 62 37 25 765.09 740.09 2-3
MW-2 801.83 60 40 20 761.83 741.83 2-3
MW-3 801.45 62 42 20 759.45 739.45 2-3
MW-4 801.35 60 40 20 761.35 741.35 2-4
MW-5 802.18 50.5 30.5 20 771.68 751.68 2-3
MW-5B2 802.64 100 70 30 732.64 702.64 4-5
MW-6 801.08 60.5 40.5 20 760.58 740.58 2-4
MW-7A2 796.66 65 40 25 756.66 731.66 3-4
MW-7B? 796.64 120 70 50 726.64 676.64 4-7
MW-8A? 793.1 65 40 25 753.1 728.1 3-4
MW-8B> 792.69 100 73.5 26.5 719.19 692.69 4-5
MW-9A2 798.18 65 40 25 758.18 733.18 3-4
MW-9B? 798.04 120 72 48 726.04 678.04 4-7
MW-10A% 800.69 62 40 22 760.69 738.69 3-4
MW-10B? 800.75 100 70 30 730.75 700.75 4-5
MW-11A% 795.52 60 40 20 755.52 735.52 3-4
MW-11B? 795.22 100 70 30 725.22 695.22 4-5
MW-12B? 800.28 100 70 30 730.28 700.28 4-5
MW-13A2 801.74 60 40 20 761.74 741.74 3
MW-13B? 801.78 100 70 30 731.78 701.78 4-5
MW-14A2 797.53 60 40 20 757.53 737.53 3
MW-14B? 797.33 100 70 30 727.33 697.33 4-5
! = value identifies actual well depth and not actual boring depth
2 = Open borehole well
ft= feet
ft/msl= feet mean sea level
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Active Pumping Wells and Rates Used in Steady State Model

TABLE 2

Wally's Citgo Station
Parkton, Maryland

Well ID Pumping Rate (ft*/d) Pumping Rate (gpd) Pumping Rate (gpm) | Well Depth (ft) [ Casing Depth (ft) Model Layer(s)
3ELL 10 75 0.1 245 40 3-7
4ELL 20 150 0.1 300 80 5-7
5ELL 15 112 0.1 200 40 3-7
6ELL 20 150 0.1 225 60 4-7
TELL 15 112 0.1 285 48 3-7
8ELL 20 150 0.1 225 78 5-7
9ELL 20 150 0.1 185 60 4-7
3HED 20 150 0.1 200 40 3-7
5HED 25 187 0.1 200 40 3-7

1801LAU 20 150 0.1 100 40 3-5
18829MID 15 112 0.1 200 40 3-7
18833MID 25 187 0.1 200 40 3-7
18940MID 15 112 0.1 200 40 3-7
18941MID 20 150 0.1 200 40 3-7
19022MID 20 150 0.1 305 40 3-7
19101MID 20 150 0.1 300 20 2-7
19105MID 15 112 0.1 200 40 3-7
19115MID 20 150 0.1 345 42 3-7
19119MID 20 150 0.1 345 42 3-7
19201MID 20 150 0.1 350 56 3-7
19205MID 25 187 0.1 250 46 3-7
19205MID 20 150 0.1 250 46 3-7
19222MID 20 150 0.1 400 40 3-7
19223MID 20 150 0.1 400 40 3-7
19229MID 20 150 0.1 202 40 3-7
19235MID 10 75 0.1 400 40 3-7
19239MID 10 75 0.1 400 40 3-7
19303MID 10 75 0.1 180 44 3-7
19305MID Can't Locate

19535MID  |Outside of model domain
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Active Pumping Wells and Rates Used in Steady State Model

TABLE 2

Wally's Citgo Station
Parkton, Maryland

Well ID Pumping Rate (ft’/d) | Pumping Rate (gpd) | Pumping Rate (gpm) | Well Depth (ft) | Casing Depth (ft) | Model Layer(s)

3PAR 20 150 0.1 300 40 3-7
1614PAR 20 150 0.1 200 40 3-7
1704PAR 20 150 0.1 224 40 3-7
1620PHIL 20 150 0.1 200 40 3-7
1302RAY 25 187 0.1 200 40 3-7
1414RAY 20 150 0.1 400 40 3-7
1416RAY 30 224 0.2 100 40 3-5
1500RAY 20 150 0.1 125 63 3-6
1501RAY 15 112 0.1 180 28 2-7
1506RAY 15 112 0.1 142 46 3-6
1510RAY 15 112 0.1 200 40 3-7
1521RAY 20 150 0.1 125 47 3-6
1523RAY 20 150 0.1 200 32 2-7
1525RAY 20 150 0.1 175 41 3-7
1525RAY 15 112 0.1 175 41 3-7
1527RAY 10 75 0.1 200 40 3-7
1529RAY 15 112 0.1 200 40 3-7
1606RAY 4.24 32 0.0 200 40 3-7
1608RAY 3.82 29 0.0 200 40 3-7
1612RAY 10.45 78 0.1 200 40 3-7
1614RAY 20 150 0.1 125 40 3-6
1616RAY 15 112 0.1 200 40 3-7
1620RAY 20 150 0.1 200 40 3-7
1624RAY 15 112 0.1 200 55 3-7
19300RIC 20 150 0.1 460 29 2-7
19305RIC 20 150 0.1 300 46 3-7
19328RIC 20 150 0.1 300 46 3-7
19200SHA 20 150 0.1 400 22 2-7
19201SHA 20 150 0.1 350 56 3-7
19202SHA 20 150 0.1 460 38 3-7
19203SHA 20 150 0.1 200 98 6-7
19205SHA 20 150 0.1 460 45 3-7
19206SHA 20 150 0.1 360 39 3-7
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Active Pumping Wells and Rates Used in Steady State Model

TABLE 2

Wally's Citgo Station
Parkton, Maryland

Well ID Pumping Rate (ft*/d) Pumping Rate (gpd) Pumping Rate (gpm) | Well Depth (ft) | Casing Depth (ft) Model Layer(s)
19207SHA 20 150 0.1 400 42 3-7
19208SHA 20 150 0.1 240 31 2-7
19209SHA 20 150 0.1 300 31 2-7
19210SHA 20 150 0.1 220 22 2-7
19211SHA 20 150 0.1 460 51 3-7
19212SHA 20 150 0.1 360 39 3-7
19213SHA 20 150 0.1 580 20 2-7
19214SHA 20 150 0.1 360 41 3-7
19215SHA 20 150 0.1 460 49 3-7

MW-10A 0 0 0.0 62 40 3-4

PW-1 50.13 375 0.3 242 79 5-7
PW-2 49.89 373 0.3 305 47 3-7
PW-3 22.08 165 0.1 400 40 3-7
UKNOWND 20 150 0.1 225 50 3-7
UNKNOWNS3 20 150 0.1 225 50 3-7
Note: Green shade indicates that no data was available and values were estimated
ft= feet
ft3/d= cubic feet per day
gpd= gallons per day
gpm= gallons per minute
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TABLE 3
Residual Calibration Error - Mean Head Elevations - Site Monitoring Wells
Groundwater Flow Simulation
Wally's Citgo
Parkton, Maryland

Well ID Observed Head Elevation (ft/msl)* Computed Head Elevation (ft/msl) Residual Head Error Comments
MW-1 761.27 759.78 1.49
MW-2 761.48 759.80 1.68
MW-3 761.32 759.53 1.79
MW-4 761.29 758.79 2.50
MW-5 761.91 758.74 3.17
MW-6 758.05 757.62 0.43
MW-7A 753.03 756.96 -3.93
MW-7B 751.46 756.75 -5.29
MW-8A 751.97 754.05 -2.08
MW-9A 758.01 754.42 3.59
MW-9B 758.25 754.42 3.83
MW-10A 761.47 758.31 3.16
MW-11A 749.13 755.48 -6.35
MW-13A 759.89 755.85 4.04
MW-14A 754.57 756.03 -1.46
Sum of Residual Error 6.57 Feet
Mean of Residual Error -0.44 Feet
Mean Absolute Error 2.99 Feet
Root Mean Square Error 3.35 Feet

* Based on mean groundwater elevation measurements (entire data set). Deep wells with similar screen intervals or groundwater elevations
were not used in calibration.
ft/msl= feet mean sea level
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TABLE 4
Comparison of Composite MDE Groundwater Elevation Data to Simulated Groundwater Elevation Data
Wally's Citgo
Parkton, Maryland

Well ID Observed Head Elevation (ft/msl)* Computed Head Elevation (ft/msl) Residual Head Error Comments

35 723 Dry Cell in Layer 5
59 749 751.00 -2.00 Calibrated to Layer 5 Head
58 740 732.00 8.00 Calibrated to Layer 5 Head
57 740 736.00 4.00 Calibrated to Layer 5 Head
55 729 744.00 -15.00 Calibrated to Layer 5 Head
56 739 746.00 -7.00 Calibrated to Layer 5 Head
12 735 751.00 -16.00 Calibrated to Layer 5 Head
53 735 755.00 -20.00 Calibrated to Layer 5 Head
52 769 757.00 12.00 Calibrated to Layer 5 Head
71 736 750.00 -14.00 Calibrated to Layer 5 Head
48 759 791.00 -32.00 Calibrated to Layer 5 Head
47 734 725.00 9.00 Calibrated to Layer 5 Head
50 680 669.00 11.00 Calibrated to Layer 5 Head
18 450 502.00 -52.00 Calibrated to Layer 5 Head
89 660 688.00 -28.00 Calibrated to Layer 5 Head
70 701 673.00 28.00 Calibrated to Layer 5 Head
61 660 647.00 13.00 Calibrated to Layer 5 Head
60 627 614.00 13.00 Calibrated to Layer 5 Head
68 580 582.00 -2.00 Calibrated to Layer 5 Head

Sum of Residual Error -90.00 Feet

Mean of Residual Error 5.00 Feet

Mean Absolute Error 15.93 Feet

Root Mean Square Error 19.99 Feet

* Based on MDE groundwater elevation data from drilling records (permits) at time wells were installed. Measurements span a broad range in time.
ft/msl= feet mean sea level
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TABLE 5
Comparison of MDE Groundwater Elevation Data Collected in March 1964 To Simulated Groundwater Elevation Data
Wally's Citgo
Parkton, Maryland

Well ID Observed Head Elevation (ft/msl)* Computed Head Elevation (ft/msl) Residual Head Error Comments

59 749 752.00 -3.00 Calibrated to Layer 5 Head
57 740 740.00 0.00 Calibrated to Layer 5 Head
56 739 750.00 -11.00 Calibrated to Layer 5 Head
48 759 792.00 -33.00 Calibrated to Layer 5 Head
47 734 731.00 3.00 Calibrated to Layer 5 Head
61 660 646.00 14.00 Calibrated to Layer 5 Head
60 627 615.00 12.00 Calibrated to Layer 5 Head
68 580 585.00 -5.00 Calibrated to Layer 5 Head

Sum of Residual Error -23.00 Feet

Mean of Residual Error 2.08 Feet

Mean Absolute Error 10.28 Feet

Root Mean Square Error 14.29 Feet

* Based on MDE groundwater elevation data collected in March 1964
ft/msl= feet mean sea level
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TABLE 6

Sensitivity Analyses for Recharge
Wally's Citgo
Parkton, Maryland

Recharge Rate (ft/day)

Main Area of Model 0.0018 0.0019 0.0019 0.0019 0.002 0.0021 0.002 0.002 0.002 0.002
Paved Site Area 0.0015 0.0015 0.0015 0.0015 0.0015 0.0015 0.0015 0.0015 0.0015 0.0015
Excavation Area 0.0015 0.0015 0.03 0.06 0.0015 0.0015 0.13 0.14 0.15 0.06
Mean Error -6.15 -3.63 -3.02 -2.38 -1.3 NC -0.65 0.44 0.48 0.5
Mean Abs. Error 6.36 4.42 4.01 3.57 3.12 NC 3.21 2.99 3.35 3.61
Root Mean Sq. Error 7.02 4.97 4.45 3.94 3.45 NC 3.46 3.35 3.47 3.46
NC - Model did not converge
Hydraulic conductivity was held constant based on values presented on Table 7
Highlited values represent parameters used and error summaries of final model simulation
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TABLE 7
Sensitivity Analyses for Hydraulic Conductivity
Wally's Citgo
Parkton Maryland

Hydraulic Conductivity (ft/day)

Layer 1 0.38 0.39 0.4 0.41 0.42 0.43 0.43 0.43 0.43

Layer 2 0.38 0.39 0.4 0.41 0.42 0.43 0.43 0.43 0.43

Layer 3 0.38 0.39 0.4 0.41 0.42 0.43 0.43 0.43 0.43

Layer 4 0.38 0.39 0.4 0.41 0.42 0.43 0.43 0.43 0.43

Layer 5 0.38 0.39 0.4 0.41 0.42 0.43 0.43 0.43 0.43

Layer 6 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1

Layer 7 0.005 0.005 0.005 0.005 0.005 0.1 0.001 0.004 0.006

Layer 8 0.00001 | 0.00001 | 0.00001 [ 0.00001 | 0.00001 | 0.00001 0.00001 0.00001 | 0.00001

Mean Error NC 0.502 0.492 -0.44 -0.623 NC NC 0.342 0.348

Mean Abs. Error 3.45 3.39 2.99 3.23 3.43 3.35

Root Mean Sq. Error 3.74 3.64 3.35 3.45 3.45 3.207

NC - Model did not converge

Recharge was held constant at unique values presented on Table 6.

Highlited values represent parameters used and error summaries of final model simulation
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TABLE 8
Sensitivity Analyses for Anisotropy Ratios
Wally's Citgo
Parkton, Maryland

Vertical Anisotropy [ o6 | 08 | 1 [ 12 | 14 | 16
Mean Error 0.44 0.45 0.44 0.44 0.44 0.45
Mean Abs. Error 2.99 2.99 2.99 2.99 2.99 2.99
Root Mean Sq. Error 3.35 3.35 3.35 3.35 3.35 3.35
Horizontal Anisotropy | 03 | 04 | 05 | 0.6

Mean Error NC NC 0.44 NC

Mean Abs. Error 2.99

Root Mean Sq. Error 3.35

NC - Model did not converge
Conductivity and recharge were held constant based on values presented on Tables 6 and 7.
Highlited values represent parameters used and error summaries of final model simulation
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TABLE 9
Flow Budget
Wally's Citgo Station
Parkton, Maryland

Flow In Flow Out
Source/Sinks
Drains (Creeks) 0 -108167.1001
Wells 0 -6462.7900
Recharge 114703.2655 0
Total 114703.2655 -114629.8901
% Difference 0.0640

ENVIROMMENTAL
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