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1 INTRODUCTION

Groundwater & Environmental Services, Inc. (GES), on behalf of Carroll Independent Fuels Company
(Carroll), respectfully submits this In-Situ Chemical Oxidation (ISCO) Comprehensive Summary Report
and Conceptual Site Model (CSM) Update for the Monrovia BP/Former Green Valley Citgo Station
located at 11791 Fingerboard Road in Monrovia, Maryland (the Site). This report is being submitted in
response to the Maryland Department of the Environment — Oil Control Program’s (MDE-OCP) directive
dated February 10, 2012. The report will provide an update to the CSM that includes a summary of
recent investigation activities that consisted of hydraulic (slug) testing as well as coring activities
associated with the installation of injection well IW-4. It will also summarize results of GES’ patented
HypeAir-EX® 1SCO system that operated from September 14, 2011 to November 11, 2011 and from
February 20, 2012 to August 1, 2012 and provides an analysis of the site conditions and remediation
efforts to date.

Operation of the ISCO system at the Site has resulted in significant reductions in contaminant
concentrations and increases in dissolved oxygen (DO) throughout the targeted area. A positive range of
system influence has been observed. Furthermore, volatile organic compound (VOC) contaminant
reductions resulting from ISCO system operation can reach beyond the extent of chemical oxidants
through the enhanced biodegradation that can coincide with chemical oxidation via hydrogen peroxide
and ozone. GES recommends continued operation of the ISCO system and believes that this ISCO
system has the ability to progress the Site toward long-term remedial goals. However considering the
significant quantity of information being provided at this time in addition to further sampling data
currently being collected, GES proposes deferring the restart of the of ISCO system until the MDE has
reviewed all information being provided. A work plan will be provided to the MDE under separate cover
subsequent to completion of additional data analysis, evaluation and review. The work plan will include
the details for future proposed remedial efforts as well as a supplemental groundwater monitoring
program to be submitted to the MDE for approval.

Note that the chromium and lead sampling results are discussed in detail in the Supplemental Chromium
and Lead Investigation Summary submitted as a separate report.

2 FACILITY INFORMATION
2.1 Site and Surrounding Area Description

The Site is located in the northeastern section of a 5.2-acre parcel southwest of the intersection of
Fingerboard Road and Lynn Burke Road in Monrovia, Frederick County, Maryland. The Site is currently
an active BP Station attached to the end of an L-shaped shopping plaza, known as the GVP, and is located
in a mixed commercial and residential area. The Site consists of landscaped areas, a paved parking lot, a
convenience store, and a canopy housing five multi-product dispenser (MPD) islands. The current
underground storage tank (UST) system is comprised of two 10,000-gallon gasoline USTs, one 10,000-
gallon diesel UST and one 4,000-gallon diesel UST in a common tank field. The tanks are constructed of
composite steel and were installed in August 2008. A Site Map illustrating the tank field and dispenser
island locations is included as Figure 1.

A dry cleaning establishment (Green Valley Cleaners) conducting onsite dry-cleaning is located within
GVP. Another commercial property, GVSC, is located adjacent to the Site to the east, which consists of
one shopping plaza building and three ancillary buildings including an Allstate Insurance office, a 7-11
convenience store and an auto repair facility. GVP is bordered to the north by Fingerboard Road
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(Maryland Route 80) followed by residential properties, to the west by Greenridge Drive followed by
residential properties, and to the south by Rosewood Road followed by residential properties.

Sensitive Receptors

The Site is located in a High Risk Groundwater Use Area (HRGUA) served by potable supply wells. In
2007, Environmental Alliance conducted a drinking water well survey which identified 79 possible
potable wells within a 0.5 mile radius of the Site. Further information regarding this survey can be
reviewed in the April 30, 2007 Environmental Alliance correspondence Drinking Water Well Survey. All
residences in the currently defined study area for the case are served by private potable supply wells.

The nearest surface water body is Fahrney Branch, located approximately 2,400 feet to the south. There
is a child care facility known as Green Valley Branch YMCA currently located in the GVP. The only
onsite basement structure noted for the GVP is a room housing pump equipment for the drinking water
supply wells.

The onsite GVP water supply is classified as a non-transient, non-community system and served by five
(5) supply wells. The adjacent GVSC water supply is also classified as a non-transient, non-community
system served by two supply wells. (A separate supply well, FR734918, serves a single office space at
the GVSC, and is restricted to non-potable use only.) The locations of area potable wells in the study area
are illustrated on Figure 2, Local Area Map.

Utilities

Although not all utilities have recently been field-verified, onsite below grade utilities include electric,
storm sewer, and water lines running from potable wells to the GVP building. Overhead electrical and
telephone lines are located along the north side of Fingerboard Road and extend onto the Site. A
comprehensive Surface Drain Evaluation was performed by Environmental Alliance in 2007. The storm
sewer lines are shown on the Site Map attached as Figure 1.

2.2 Chronology of Events

A history of the Site is included in the ongoing Quarterly Monitoring Reports and is attached as
Appendix A.

2.3 Monitoring Well Data

Eighteen monitoring wells (MW-1, MW-2, MW-4, MW-5, MW-6, MW-7, MW-8, MW-9, MW-10, MW-
11, MW-12, MW-13, MW-14S, MW-14D, MW-15D, MW-16, MW-17, and MW-18S/MW-18D), two
soil vapor monitoring points (SV-1 and SV-2), one soil vapor extraction point (VE-1) and seven injection
wells (IW-1S/IW-1D, IW-2S/IW-2D, IW-3S/IW-3D, and IW-4) are located on the Site. Monitoring wells
MW-18S and MW-18D are nested in one borehole, and each injection well pair is nested in a single
borehole. One monitoring well (MW-3), one soil vapor monitoring point (SV-3), and two tank field
monitoring wells (TF-1 and TF-2) that formerly existed at the Site have been abandoned. Boring and well
construction logs for all monitoring wells, soil vapor monitoring points, soil vapor extraction wells and
injection wells are included as Appendix B. The locations of these wells are shown on the Site Map
attached as Figure 1. Well construction details for the wells are included in Table 1 — Monitoring Well
Construction Details.



ISCO System Comprehensive Summary Report & Update to the CSM m.
Monrovia BP/Former Green Valley Citgo . - | : ’.‘
11791 Fingerboard Road, Monrovia, Frederick County, MD

2.4 Potable Supply Wells

Currently, thirty-seven (37) area potable wells are included in the Green Valley study area. Routine
sampling of these 37 wells has occurred since 2006. Residential samples are analyzed for full suite
volatile organic compounds, including oxygenates, via EPA method 524.2 Six (6) of the residential wells
in the study area have had historic detections exceeding the 20 pug/L MDE Action Level for MTBE and
are therefore treated with granular activated carbon (GAC) filtration systems. These six GAC systems are
currently maintained by Carroll. The six residential GAC filtered supply wells are required to be sampled
quarterly, however, sampling for three of the residential systems (3990, 3992, 3994 Farm Lane) typically
occurs monthly to evaluate GAC performance. An additional fourteen (14) residential potable wells,
which are not GAC filtered, are sampled on a quarterly basis. The remaining nine (9) residential, potable
wells are sampled on a semi-annual frequency.

GAC filtration is also applied to the blended influent of the GVP drinking water system which is also
sampled on a quarterly basis. The adjacent GVSC water supply system is not GAC filtrated and is
maintained by the property owner. Two of the GVP supply wells and the three GVSC supply wells are
individually sampled on a quarterly basis. The remaining three GVP supply wells, which are located
approximately 450 feet west of the UST field, are sampled on an annual basis. This sampling schedule
and the most recent sampling results were submitted to the MDE-OCP in the Second Quarter 2012
Monitoring Report, Monrovia BP/Former Green Valley Citgo — August 15 2012.

3 CONCEPTUAL SITE MODEL
3.1 Topography and Geology

The Site is located approximately 660 feet above mean sea level (MSL) along the northeast to southwest
trending ridge along which Fingerboard Road runs. The Site topography itself is relatively flat, but the
surrounding land slopes gently toward the west, south and east away from GVP. The Site is
approximately 75% paved with impervious surface material. A component of intercepted precipitation
collected on the GVP lot is directed and discharged via the GVP storm water system. Regional drainage
is dendritic in nature and is interpreted to flow to the south from the Site to a tributary of Fahrney Branch.

The Site is situated within the Westminster Terrain of the Central Piedmont Physiographic province of the
eastern United States. Based on the 2002 USGS Geologic Map of Frederick 30" x 60’ Quadrangle,
Maryland, Virginia and West Virginia, the Site is mapped within the metasiltstone facies of the paleozoic
—aged Marburg Formation. The Marburg Formation, as characterized by Southworth et al., is a series of
metamorphosed siltstone, basalt and quartzite rock types. The Site lies on the periphery of a steeply
inclined NNE-SSW trending thrust fault (Hyattstown Thrust Fault) located approximately 2000 feet west
of the Site. Beyond the fault, the geology abruptly changes to the Sams Creek Formation. Localized,
minor faults mapped within the area strike to the north-northeast to south-southwest and dip to the west or
the east, at inclinations greater than 81°. It is possible, due to the proximity of the Hyattstown Thrust
fault, that sediments occurring at the Site could be associated with the muscovite phyillite facies of the
Sams Creek Formation. An excerpt of the geologic map referenced for this report is presented as
Appendix C — Geologic Map.

The underlying bedrock is imprinted with a distinct structural pattern imparted by forces related to ancient
tectonic events associated with the development of the Appalachian Mountain chain.  This structural
fabric includes regional scale faults, pervasive, small-scale mineral alignments defined as foliation and
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related smaller-scale fractures and post-tectonic joints and fractures. This bedrock, in the Maryland
Piedmont province is typically overlain by a thick cover of highly altered, former bedrock either defined
as saprolite or weathered rock. This saprolite is the “weathered-in-place” product of the underlying
parent rock and generally retains the same structural features of the parent rock. Some researchers have
distinguished the difference between saprolite and weathered rock by the degree of in-situ chemical
alteration, i.e. saprolite is completely altered and has no remaining parent mineralogy (other than relict,
chemically resistant quartzite) while weathered bedrock retains floating “core stones” of parent rock
(>10% corestones) within a less chemically altered matrix of both original and secondary minerals.

i
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Fiaune 8.—Diagrammatic typical weathered profiles on crystalline
rocks of the Piedmont Province, Fairfax County and wvicinity,
Virginia. A, Foliated metasedimentary rocks: and B, Massive

metamorphic and igneous rocks.

Review of excavation and boring records particular to the Site indicate that the subsurface is characterized
by a thin zone of saprolite underlain by an extensive zone of highly structured, weathered rock
overburden which gradually transitions to competent fractured bedrock. Photographs taken during the
tankfield excavation and replacement events of 2008 demonstrate highly inclined foliation traces imparted
within weathered rock along the tank pit walls (Appendix D — Excavation Photographs).

Lithologic descriptions of the overburden generally note an initial shallow red, orange, brown-tan clay
matrix interspersed with quartzite and parent bedrock rock fragments (sometimes micaceous, other times
shale to phyllitic). W.ith increasing depth, shallow clay-rich matrix soils transition to sandy and/or
micaceous silts with the continuing presence of parent rock fragments. Minor zones of quartz (quartzite)
are noted to occur throughout the weathered bedrock overburden. The orange to brown silt color
observed in the overburden matrix is associated with a well drained lithology demonstrating oxidation of
the native, iron rich mineralogy.

Bedrock depths have been previously interpreted to occur between 19 feet (ft) below grade surface (bgs)
(MW-11) to 63 ft bgs (MW-6). However, a recently installed injection well (IW-4) verified top of
competent rock, with the collection of rock core, to begin at approximately 85 ft bgs (see Section 3.6 for
further description).
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3.2 Hydrogeology

Historical depths to groundwater within the study area monitoring well network typically range from
32.83 ft bgs (MW-12, March 2011) to 84.7 ft bgs (MW-18D, Dec 2010). Recent groundwater levels
collected at the Site (Sept. 2012) range from approximately 42 feet bgs (MW-12) to 64 feet bgs (MW-
18D). It is noted that MW-18D has been observed to recharge slowly following purging and may not
accurately represent true aquifer conditions.

Historical groundwater elevation contour maps generated for the project have demonstrated a generally
consistent groundwater flow path moving from the northwest to the southeast. Significant gradient
differences exist between peripheral wells (MW-1, MW-12, MW-11) in comparison to the bulk of wells
comprising the monitoring well network central and to the southeast, which exist in an area demonstrating a
shallower hydraulic gradient. Calculations from the September 5, 2012 shallow groundwater elevation
dataset demonstrate a hydraulic gradient of 0.02 feet per foot (ft/ft) from MW-2 to MW-9 and a hydraulic
gradient of 0.05 ft/ft from MW-8 to MW-9. Due to the existence of active water supply wells both onsite
and offsite, the effects of large volume pumping may influence the direction of groundwater flow however
the effects of localized pumping are generally not evident.

While deeper wells exist within the monitoring well network (MW-14D, MW-15D, MW-18D), historical
practice has been to exclude these wells from the groundwater elevation maps. The exclusion of MW-14D,
MW-15D and MW-18D is based on their deeper constructed screen intervals. Upon review of historic
groundwater levels for the network, it is noticed that MW-14D and MW-15D typically vary little in
comparison with groundwater elevation levels at surrounding “shallow” monitoring wells. Well MW-18D,
conversely, demonstrates more significant deviations from surrounding monitoring well groundwater
elevations. This is believed to be due to its poor connection to the productive structures of the formation, as
evidenced with its poor recharge characteristics. Poor recharge is also experienced with well MW-18S, the
nested counterpart of well MW-18D. With this reasoning, deep well groundwater contour maps are not
produced for the project as it has been demonstrated that significant communication exists between shallow
and deeper regions of the aquifer without an overall driving vertical gradient condition. This
communication is likely due to the high angle inclination of the weathered-to-competent bedrock fabric
features.  Historical liquid level data for the Site are summarized in Table 2 (Historical Monitoring
Well Analytical Data Summary).

In order to better characterize the structural features controlling water movement in the subsurface,
geophysical investigations were conducted on supply wells FR-94-1233, FR-88-1366 in June 2007 and
monitoring wells MW-6, MW-7 and MW-8 in June 2008. A third geophysical investigation, performed
in wells MW-14D, MW-16 and MW-17 was conducted November 2009. A summary of the geophysical
investigations were presented by Environmental Alliance in correspondence, submitted to the MDE-OCP
September 16, 2008, June 5, 2009 and March 15, 2010. In summary, the mean orientation of bedrock
fractures and corresponding direction of dip among the six monitoring wells and two supply wells
characterized at the Site were reported as follows:

Well Date of Mean Strike Mean Dip of
Geophysical of Fracture Fracture
Investigation features features
FR-94-1233, FR-88-1366 07-2007 N27°E 49°SE
MW-6, MW-7, MW-8 06/12/08 N25°E 61°SE
MW-14D, MW-16, MW-17 11/ 23/09 N31°E 58°SE
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In addition to the standard suite of tools utilized during the downhole geophysical investigations (caliper,
optical and acoustic televiewer, gamma and fluid temperature), a heat pulse flow meter sonde was also
used in most investigations. The heat pulse flow meter allows for the determination of inter-borehole
flow rates that are below the threshold of detection of the more standard downhole impeller flow rate tool.
In a majority of instances, with the application of this tool at the Site, no significant inter-borehole flows

were observed. This indicates the absence of any significant vertical gradient head differences existing
within the characterized portion of the aquifer.

Over the case history of the Site, several hydraulic testing events have been performed including long and
short term pump teats in 2009, and several slug testing events conducted between 2010 and 2012. The
results of historic project hydraulic testing are presented in Table 3. In summary, calculated groundwater
hydraulic conductivity (K) values for wells at the Site have ranged four orders of magnitude from 1.93E-
03 to 1.20E+01 feet per day (ft/day). During the 72 hour pump test pump test event of 2009, observation
of an elliptical drawdown pattern was noted along the established preferential strike direction running
approximately N28° (mean of fractures). Recent slug tests for wells MW-1, MW-7, MW-8, MW-10,
MW-17 and MW-18S conducted August 2012 confirmed a narrow, productive trend aligned along the
identified preferential strike direction. Wells MW-17 and MW-10 and MW-7, which exist in the
downgradient area of the onsite monitoring well network, demonstrated the highest relative K values
during these recent tests. In addition, slug testing performed at MW-18S demonstrated an expectantly
low K value of 1.25E-02 ft/ day. It is acknowledged however, that injection well IW-4, tested at the time
of installation in May 2012, is similar in hydraulic conductivity to MW-18S, with a calculated value of
1.82E-02 ft/ day.

3.3 Source of Existing Petroleum Contamination

Groundwater well sampling occurring in 2006 confirmed the presence of low-level benzene, toluene and
xylene with significant MTBE in groundwater at MW-3 which was located within the vicinity of the
active tank field. Additional sampling conducted during this period also confirmed the presence of
MTBE, in both onsite and downgradient drinking water supply wells. Soil vapor extraction (SVE) testing
conducted in June 2007 by Environmental Alliance confirmed the presence of petroleum vapors within
tank field well TF-1, monitoring well MW-3 and soil vapor point SV-3 which were screened directly in
the tankfield (TF-1) or within the unsaturated, highly structured soils surrounding the tank field (MW-3,
SV-3). Forty (40) soil samples were collected in the tank field, and areas surrounding the tankfield
between 2007 and 2008. Upon review of the soil sample record for the project, MTBE is almost
exclusively represented. A Soil Sampling Data Summary is presented as Appendix E.

In 2008, Carroll replaced the four existing USTs and upgraded the retail fuel dispensing system. At the
time of replacement, 1,100 tons of soils were removed with 523 of the total tons reported by
Environmental Alliance to evidence petroleum impact. SVE recovery system piping was installed within
the upgraded tankfield infrastructure at this time. Site surface water discharge was also reconfigured
during the 2008 site upgrade activities.

In 2009, a second SVE pilot was conducted utilizing the new tank field SVE recover system. Results
from the 2009 SVE pilot test demonstrated significantly reduced vapor recovery in comparison to the pre-
excavation SVE pilot test conducted in 2007. This reduction in soil vapor concentration available from
the unsaturated soil zone indicated that soil excavation activities and fuel dispensing system upgrades had
significantly reduced adsorbed hydrocarbon impact in the tankfield and surrounding soil mass. More
recent soil vapor testing related to the ISCO pilot testing activities conducted in November 2011 further
confirmed the absence of vapor phase hydrocarbons immediately downgradient of the former tank field.
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It is noted that no documented liquid phase hydrocarbons have ever been measured in any project
monitoring wells or observed during historic tank removal and soil excavation activities. In addition, no
discrete, liquid phase releases or inventory anomalies have been reported relating to the operation of the
retail fuel storage and dispensing system.

This exclusive presence of MTBE within the Site’s record of impacted soils (and negligible detections of
other gasoline constituents including benzene, toluene, ethylbenzene and xylene (BTEX)) further support
the hypothesis that the original release occurred primarily as the vapor phase MTBE. Research regarding
the nature of concentrated MTBE vapor migration from gasoline UST and piping systems is well
documented. MTBE, due to its high vapor pressure, partitions more readily to the vapor phase within a
USTs air “headspace” in comparison to other volatile components of gasoline. Once the MTBE vapor
escapes the UST system, its high solubility results in rapid dissolution into available water molecules
usually existing (in the unsaturated or vadose zone) as soil moisture derived from infiltrated precipitation.
Ultimately, the dissolved MTBE in soil moisture, driven by capillary pressures, migrates vertically (and
to a lesser extent, laterally) to the saturated water table and forms a dissolved MTBE plume in
groundwater.

MTBE is currently detected in 8 of 19 groundwater wells currently comprising the Site’s monitoring well
network. MTBE within onsite monitoring wells have greatly diminished since the beginning of this case.
Causes of the reductions include but are not limited to the moratorium on MTBE in gasoline formulations
in Maryland (mid 2006), the 2008 UST excavation and upgrade activities, improvements on operating a
vapor tight UST system and natural attenuation. Further reductions in select onsite wells have occurred
with the implementation of an ISCO remedy conducted by GES in the area immediately downgradient of
the site tank field between September 2011 and August 2012. MTBE trend graphs for onsite monitoring
wells are presented in Appendix F.

MTBE is currently detected in seven (7) of 36 onsite and offsite drinking water wells associated to the
project’s current study area. Six (6) residential and one (1) non-community, non-transient supply well
systems are treated with granular activated carbon (GAC) filtration systems maintained by Carroll.
MTBE concentrations for the drinking water wells monitored within the study area exhibit stable to
decreasing trends. MTBE trend graphs for the onsite and offsite drinking water supply wells are
presented in Appendix G.

In summary, the historic source zone for the project is most likely associated with vapor-phase releases
from the onsite retail fuel storage and dispensing system to the surrounding unsaturated soils prior to
2008. The presence of soil vapor, has since been mitigated at the Site through 1) the removal of MTBE
from gasoline formulations in mid 2006, 2) the excavation of impacted soils during UST replacement and
upgrade activities in 2008, 3) the installation of SVE recovery piping within the tankfield and 4)
verification of reduced soil vapor through SVE pilot testing occurring after 2008. The current MTBE
“source” area is considered to consist of residual dissolved MTBE in groundwater, which exists within
the saturated weathered rock overburden at the Site.

3.4 Preferential Pathways

Several preferential pathway evaluations have been conducted around the tank field and canopy area
(former source zone) and have been summarized in previous reports (Environmental Alliance 2007,
2008). These evaluations focused on the identification of shallow, man-made subsurface structures which
would enhance or short-circuit the passage of petroleum impacted liquids or vapors to onsite or offsite
receptors. In summary, it was determine that no evidence of impact conveyed by identified preferential
pathways including the identified site storm water drainage system had occurred at the time of inspection.
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Furthermore, the surface drainage inlets for the onsite storm water system were modified in 2008 to
further mitigate the potential for impacted surface waters to leave the Site

In regard to potential vapor migration pathways, the current risk hazard to immediate receptors including
occupants of the plaza is considered non-existent. No known vapor intrusion instances or petroleum odor
complaints have been reported in any buildings in the Site area. No intrusion was observed during the
extensive monitoring required by MDE during the ISCO activities. Furthermore, the extensive depth to
water precludes any reasonable likelihood of petroleum vapor migration to near surface receptors.

The predominant preferential pathway identified for the passage of MTBE to identified risk receptors (on
and offsite drinking water supply wells) would be the advective migration of dissolved phase MTBE as it
moves both horizontally and vertically through the underlying bedrock aquifer.

3.5 Contaminant Fate and Transport

As previously mentioned, dissolved MTBE in groundwater is suspected to exist beneath the former Green
Valley Citgo property, within saturated soil matrix pore space and also in secondary structural features of
the weathered rock overburden. This weathered zone contains greater primary pore space then underlying
crystalline bedrock which it communicates hydraulically through a shared network of structural features.
Due to the significant hydrologic boundary encountered at the competent bedrock interface (limited
primary permeability in the crystalline rock) groundwater may accumulate and thus form a zone of higher
potential transport in this transition zone. At this interface, groundwater will also have the ability to
penetrate downward through fractures and places of weakness inherent to the rock body. Movement of
water in the competent rock zone of this aquifer system would be significantly reduced from those flows
found in the shallower, saturated weathered rock portion of this conceptualized integrated aquifer system.
The dimensions of the aquifer begin at depths to first water ranging from approximately 42 to 65 ft bgs.
Based on recent onsite rock coring activities, the bedrock interface may exist as deep as 85 ft bgs.
Evidence of water found at more substantial depths in deeper bedrock are limited to discretely screened
monitoring wells such as MW-14D and MW-18D, with screened intervals of 201-221 ft bgs and 120-130
ft bgs, respectively. Geophysical evidence and field sampling logs suggest limited groundwater
production from these deep rock zones.

Groundwater flow through saprolite or in crystalline rock aquifers is strongly influenced by the structural
attributes of the parent rock and is further driven by groundwater elevation or head. Head relationships
in water table aquifers typically mirror site topography. Thus, groundwater flows in defined zones and
patterns. Extensive investigation in the Monrovia area has yielded much data to define the structural
fabric of the aquifer — thereby providing a framework for groundwater flow and migration of dissolved
phase MTBE from the former Green Valley Citgo site. Analysis of geologic maps and geophysical data
generated during imaging of six monitoring and two supply wells at the Monrovia site demonstrate a clear
and consistent orientation of bedrock structure with an average strike of N28°E and a steep dip to the
southeast. MTBE detections related to the former Green Valley Citgo station demonstrate a marked
distribution along this structural orientation down topographic gradient to the south of the Site.

Depths to “bedrock” as determined via the common air rotary drilling techniques employed at the Site,
have been reported to occur between 39 to 85 ft bgs. Previous interpretations of the Site’s subsurface
have stated that water exists exclusively within the fractured bedrock zone. This interpretation has
recently been revised with the installation of ISCO injection well IW-4. The borehole for well IW-4 was
installed and characterized via mud rotary drilling and rock coring techniques, respectively. At this
location fractured, but competent bedrock was verified to begin at 85 ft bgs. Observations of fracture
surface oxidation within the first 10 feet of competent rock core indicate a limited penetration of
transmissive fractures. The observation of transmissive features in the core sample dissipated with
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successively deeper core samples. Hydraulic testing attempted within the cored intervals demonstrated
limited hydraulic conductivity in the upper fractured zone and negligible production capability within

deeper core intervals. A detailed summary of the injection IW-4 installation event and rock coring
exercise is presented in Section 3.6. A boring and rock core log for IW-4 is included in Appendix B.

3.6 Coring, Hydraulic Pressure Testing and Construction of Injection Well IW-4

Coring and hydraulic pressure testing work was conducted at the 1W-4 location between May 21 and May
30, 2012. This work was completed with the construction of injection well IW-4. Following trenching
and connection to the ISCO system, the injection well was brought online to the system on June 5, 2012.
A summary of the rock coring, pressure testing and injection well completion details related to the
installation of IW-4 is presented in the following paragraphs.

Prior to the installation of IW-4, an Injection Well Installation Work Plan was submitted to the MDE on
April 2, 2012. This work plan specified the process in which the IW-4 borehole, located along the
preferential direction of strike determined for the Site relative to the highest dissolved MTBE detections,
was to be cored and hydraulic tested via a modified Lugeon testing technique. The rock coring and
testing were proposed to field-verify the most advantageous vertical interval for the placement of the IW-
4 injection screen. On May 22, 2012 the initial 8-inch diameter borehole was completed to the assumed
top of rock at 79 feet with casing set to approximately 85 ft bgs. This initial hole was installed via the
mud rotary drilling method. Lithologic descriptions for the overburden interval were constrained to wet
cuttings screened through a hand strainer. Photoionization detector (PID) screening for VOC impact
was not possible with this method. It was noted during the drilling that extensive silts were encountered
throughout the descent to the terminal mud rotary borehole depth. This excessive sediment load in the
mud rotary slurry indicated a high silt matrix entrained with the expected rock cuttings through depths
previously assumed to be reached in bedrock. This high silt entrained drilling mud existed through the
85-foot depth, where fractured rock was definitively reached.

Rock cuttings strained from the drilling mud progressed from a predominance of oxidized, orange-colored
parent rock fragments of phyllite-to-metasiltstone to less weathered, blue cuttings at depth. At
approximately 85 ft bgs, a 4-inch PVC primary casing was set, in order to seal off the presumed
overburden/weathered rock zone. Upon grouting of the overburden borehole casing, a 2-inch diameter by
5 foot length core-barrel assembly was installed to collect undisturbed rock core samples beginning at
approximately 85 ft bgs. Rock-coring progressed, in five foot intervals, to a total depth of 110 ft bgs with
a total of five rock cores collected and logged. The initial core interval demonstrated a concentration of
fractures between 85 ft bgs to 87 feet bgs with heavily oxidized surfaces indicative of groundwater flow.
Weathered and fractured surfaces presented orange oxide staining of the iron-rich bedrock mineralogy
and included precipitates of either clay or talc on the fracture surfaces. The fracture density declined from
the interval 87-90 ft bgs with fractures still displaying weathered and oxidized surfaces.

Subsequent rock core intervals beginning with 90-95 ft bgs through 105-110 ft bgs were generally
characterized as slight to moderately fractured, however evidence of weathered and/or oxidized fractures
surfaces was almost non-existent below 100 ft bgs. Most likely, the fresh fracture breaks note in the cores
beginning with the second core (90-95 ft bgs) were “machine breaks” that occurred along planes of
inherent weakness in the rock when the weight of the overlying rock mass is removed during core
extraction.

As presented in the April 2, 2012 work plan, attempts to perform hydraulic testing via modified Lugeon
methods were made following the completion of each rock core interval. The modified Lugeon method
involves use of a single-inflatable packer that was fitted to the interior of the core assembly. This allowed
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for a rock core interval to be completed, with the inner rock core and core barrel removed and replaced
with the packer assembly. Water was pumped into the open core interval below the packer and pressure
data was recorded. Water backpressure and flow rate were monitored from a surface pump manifold.
The first two intervals tested (88-90 ft bgs and 90-95 ft bgs) experienced short-circuiting whereas water
pumped within the borehole communicated and accumulated within overburden casing, ultimately
flooding over the top of casing at grade. These leaks either occurred externally, or via high-angle features
of the formation in proximity to the borehole. Conversely, hydraulic testing at the 95-100 ft bgs interval
would not accept any water and experienced a blow out in the intake water line when backpressure

exceed 90 pounds-per-square inch (psi). Therefore, the modified Lugeon hydraulic testing was
abandoned after the 95-100 ft bgs interval.

Due to the presence of weathered fracture features noted in the 85-90 foot core interval, it was decided
that this zone would be the most suitable for placement of the IW-4 injection screen. To further quantify
hydraulic conductivity (K) in this zone, a falling head slug test was performed in this interval. The packer
was set at 95 ft bgs thereby creating a test zone from the bottom of casing (85 ft bgs) to 95 ft bgs. The 4-
inch diameter overburden casing was then filled from 95 feet bgs to the top of casing above grade.
(Water used for all injection testing was sourced from a potable supply and tested for a Full Suite VOC
via EPA Method 524.2. Results of the injected potable water are presented in Appendix H. Decline in
water levels were measured from the top of casing over a 0.5 hour period. During this period, water
declined within the 4-inch casing a total of approximately 8 feet. A Bouwer-Rice solution analysis
applied to the test data provided a hydraulic conductivity value of 1.8E-02 ft/day. The falling head slug
test analysis for IW-4 is provided in Appendix J of this report. Subsequently, the 2-inch corehole was
backfilled with cement grout from 92 ft bgs to 110 ft bgs. The injection well IW-4 completed in the hole
was constructed with a %-inch stainless steel pipe and was screened from 85 to 89 ft bgs with sand pack
from 83 to 92 ft bgs.

In summary, characterization activities associated with rock coring and completion of the IW-4 injection
well suggest that depth to competent rock at the Site may exist deeper than previously interpreted. Upon
a re-evaluation of drilling logs, it is noted that soft zones are common in the deep monitoring well
installation record before approximately 75-90 ft bgs. These soft zones are typically associated with
brown-orange colored cuttings interspersed with grey material which is an indication of a weathered, but
not competent rock zone. Logs of wells installed more recently, including MW-14/D, 15D, 16, 17, MW-
18D and IW-2 and IW-3, make note of competent rock at depths greater than 75 ft bgs. Thus, it is now
interpreted that a significant portion of the water table beneath the Site exists in a zone of fractured
bedrock with an extensive silt matrix. This saturated weathered rock and silt overburden is structurally
tied to the underlying competent but fractured bedrock aquifer through integral rock fabric features.

The significance of this revision to the conceptual site model (CSM) is the role of primary porosity in the
saprolite/weathered bedrock silt matrix and its ability to provide both storage and transport for dissolved
MTBE in groundwater. In the previous CSM, it was assumed that dissolved MTBE existed only in the
secondary porosity (fractures) of a crystalline bedrock aquifer. Matrix diffusion of MTBE into the
primary pore space of metamorphic rock would be considered negligible in comparison to transport via
fracture flow. However, diffusion of dissolved MTBE into both primary and secondary pore features of a
highly weathered, but structurally connected water table aquifer requires additional considerations in
regard to the placement of monitoring wells and the implementation of future remedial strategies.

Furthermore, the installation exercise of injection well IW-4 demonstrated the difficulty in defining the
top of rock via traditional drilling methods. Rock coring is a sound and practical tool for competent rock
verification as the typical coring assembly cannot penetrate loose, weathered rock without clogging.
(Other drilling methods such as rotary sonic would also be suitable for this application). This observation
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leads to the question as to whether surrounding drinking water wells within the study area, which have
likely been completed by drillers using conventional drilling techniques such as air and mud rotary, have
been constructed solely within the crystalline rock horizon or straddle the weathered rock transition zone.
A review of the table titled Select Potable Well Construction Details (attached as Appendix I) for homes
within the study area notes primary casings set at depths ranging from 20 to 80 ft bgs. While it is
acknowledged that depth to bedrock (or overburden thickness) would expect to vary from the Site

location moving downgradient, the possibility exists that dissolved MTBE in groundwater follows a
considerably shallower transport path than previously contemplated.

4 SYSTEM OPERATION

As outlined in the CAP and CAP Implementation Plan, an ISCO system was to be utilized to remediate
the area of greatest groundwater impact at the Site. GES’ patented HypeAir-EX® technology was used,
which is a chemical oxidation technology that operates continuously to aggressively remediate the
subsurface using a combination of ozone and hydrogen peroxide injection. The ISCO system consisted of
a PulseOx® P-500 trailer (by APTwater, Inc.) for the continuous injection ozone (Os) and air. The air
injected contained elevated oxygen levels because the ozone generator (which converts oxygen from
oxygen generators to ozone) converts only a small percentage of the oxygen to ozone. During normal
operation ozone and air injection occurs cyclically in each of the injection wells in 20 minute intervals.
The ISCO system also has the ability to inject hydrogen peroxide (H,O,). For the injection of hydrogen
peroxide, dedicated events were conducted where the system was switched to inject hydrogen peroxide
into an individual well or wells. Separate from the ISCO system, a soil vapor extraction (SVE) system
operated continuously at vapor extraction point VE-1, which was used to mitigate potential fugitive
emissions resulting from the injection and oxidation processes. The ISCO system operation initially
began via utilization of three stainless steel injection wells (IW-1S, IW-1D, and IW-2S). A fourth
injection well (IW-4) was brought online on June 5, 2012.

The ISCO system began its first operation period on September 14, 2011, which continued until
November 11, 2012. The system was then restarted for a second operation period between February 20,
2012 and August 1, 2012.

Since the last ISCO System Operation Report, which summarized data through July 6, 2012, the ISCO
system operated 24 out of 26 days (92% uptime) until being shut down on August 1, 2012. Hydrogen
peroxide was injected into injection wells IW-1S and IW-1D from July 16-17, 2012 and into IW-4 from
July 17-18, 2012.

4.1 System Data Collection

Operation and maintenance (O&M) visits were conducted on a weekly basis. During routine O&M visits,
the following data are measured and/or recorded from the remediation system and are presented in Table
4, ISCO System Operational Data Summary:
e Hour meter readings for the system and each injection well;
Ozone and air flow rates and pressures into each injection well;
Ozone injection rate and cumulative mass of ozone injected;
Volume of hydrogen peroxide injected;
Applied blower vacuum and the extracted vapor flow rate from the SVE system; and
VOC, oxygen, and ozone concentrations from the SVE air stream.

11
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The following data (presented in Table 5, Historical Monitoring Well Field Parameters Data
Summary) were measured at monitoring wells MW-13, MW-15D, MW-18S, and MW-18D on a weekly
basis and monitoring wells MW-7, MW-8, MW-10, MW-14S, MW-14D, MW-16, and MW-17 on a bi-
weeklyweek basis:
e Headspace pressure, percent oxygen, and concentrations of VOCs and ozone; and
o Groundwater elevation, temperature, dissolved oxygen (DO), oxidation-reduction potential
(ORP), conductivity, and pH.

4.2 System Operational Data Summary:

Provided below is a summary of system data collected during the entire operation of the ISCO system
between September 14, 2011 and August 1, 2012:

Air Injection Flow Iniection Pressure Mass of Ozone Volume of
Injection Well Rate Ajv erage (Range) Injected Hydrogen Peroxide
Average (Range) g g (pounds) Injected (gallons)
(standard cubic feet | (pounds per square . July 6" — August 1,
(ID #) per minute) inch) Cumulative 2012
IW-1S 2.0 (1.1t02.8) 27 (1810 48) 162 47.1
IW-1D 1.9 (1.0t02.8) 29 (2010 49) 155 47.1
IW-2S 2.0 (0.91t02.7) 27 (170 47) 162 32.7
IW-4 2.0 (1.8102.2) 24 (20 to 28) 36 37.9
Total 515 164.8

The following data were collected from the SVE system:
e The average vapor flow rate was 128 standard cubic feet per minute (scfm), ranging from 79 to
180 scfm);
e PID readings ranged from 0.0 to 6.2 ppm; and
e The estimated hydrocarbon recovery was 6.9 pounds.

5 MONITORING WELL SAMPLING

Eighteen monitoring wells (MW-1, MW-2, MW-4, MW-5, MW-6, MW-7, MW-8, MW-9, MW-10, MW-
11, MW-12, MW-13, MW-14S, MW-14D, MW-15D, MW-16, MW-17, and MW-18S/MW-18D), two
soil vapor monitoring points (SV-1 and SV-2), one soil vapor extraction point (VE-1) and seven injection
wells (IW-1S/IW-1D, IW-2S/IW-2D, IW-3S/IW-3D, and IW-4) are located on the Site. Monitoring wells
MW-18S and MW-18D are nested in one borehole, and each of the injection well pairs is nested in a
single borehole. One monitoring well (MW-3), one soil vapor monitoring point (SV-3), and two tank
field monitoring wells (TF-1 and TF-2) on the Site have been abandoned. Boring and well construction
logs for all monitoring wells, soil vapor monitoring points, soil vapor extraction wells and injection wells
are included as Appendix B. The locations of these wells are shown on the Site Map attached as Figure
1. Well construction details for the wells are included in Table 1 (Monitoring Well Construction
Details).

Groundwater contour maps from July and August 2012 are shown as Figure 3 and Figure 4, respectively.

Groundwater analytical maps showing concentrations for BTEX constituents, MTBE, TPH-DRO and
TPH-GRO for July and August 2012 are shown as Figure 5 and Figure 6, respectively. MTBE
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concentration maps, that use a color scale for current concentrations for sampling conducted in July and

August 2012, are shown as Figure 7 and Figure 8, respectively. The MTBE concentrations are also
contoured on the August concentration map.

51 Quarterly Sampling

Groundwater samples have been collected from monitoring wells MW-1 through MW-4 since February
2006, and from all monitoring wells on a regular quarterly basis since August 2008. Monitoring well
MW-3 was abandoned in May 2008 prior to UST system removal. Additional monitoring wells have
been added to the quarterly sampling schedule as they have been installed. In conjunction with the
groundwater sampling events, groundwater elevation data for all wells are collected on a quarterly basis.
Certain field parameters are also collected, including temperature, specific conductance, oxidation
reduction potential (ORP), pH, and dissolved oxygen. Groundwater samples are analyzed for VOCs plus
fuel oxygenates via Environmental Protection Agency (EPA) Method 8260, and for Total Petroleum
Hydrocarbons- Gasoline Range Organics (TPH-GRO) and Total Petroleum Hydrocarbons- Diesel Range
Organics (TPH-DRO) via EPA Method 8015B. A table of this data is included as Table 2 (Historical
Monitoring Well Analytical Data Summary).

52 ISCO Sampling

In addition to quarterly sampling, monitoring wells (MW-7, MW-8, MW-10, MW-13, MW-14S, MW-
14D, MW-15D, MW-16, MW-17, and MW-18S/MW-18D) have been sampled for additional parameters
for monitoring associated with the 1ISCO system. This additional sampling was first conducted on
November, 23, 2010, prior to the one day ISCO pilot test. During the first ISCO system operation period,
one baseline event and three sampling events occurred. An additional three sampling events occurred
during the second ISCO system operation period.

During the ISCO sampling events, in addition to groundwater elevation data, field parameters, and VOCs
plus fuel oxygenates (8260), TPH-GRO and TPH-DRO (8015B), groundwater samples were analyzed for
Total Organic Carbon (5310C), Chemical Oxygen Demand (410.4), Total Dissolved Solids (2540C),
Total Suspended Solids (2540D), Total Iron (200.8), and Total Chromium (200.8). Sampling results of
these additional parameters are presented in Table 6 (Historical Monitoring Well Analytical Data
Summary — ISCO Parameters).

Additionally, monitoring wells MW-13 and MW-18S were sampled for hexavalent chromium on
November 16, 2011. Monitoring wells MW-13, MW-18S, and MW-16 were sampled for hexavalent
chromium on January 12, 2012. Monitoring wells MW-13, MW-18S, MW-16, and MW-18D were
sampled for hexavalent chromium on April 3, 2012, June 15, 2012, and July 17, 2012. This data is also
included in Table 6.

5.3 August 2012 Event

Supplemental groundwater sampling, per the MDE directive dated August 1, 2012, was completed from
August 6 through August 9, 2012. Sampling included all groundwater monitoring wells in the study area.
During this sampling event, groundwater samples were also collected for hexavalent chromium and lead
analyses. The chromium and lead sampling results are discussed in detail in the Supplemental Chromium
and Lead Investigation Summary.
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6 SUPPLY WELL SAMPLING

On March 28, 2006, MTBE was detected at a concentration of 14 pg/L in a sample collected from the
blended influent of two of the onsite drinking water wells supplying GVP. On September 19, 2006,
MTBE was detected in a blended influent sample from GVP’s supply wells at a concentration of 42 pg/L,
above the MDE’s action level of 20 pg/L. The MDE required the initiation of quarterly sampling of the
GVP and GVSC supply wells, and an initial round of sampling of area residential potable wells in a
directive letter dated January 22, 2007. The private potable wells of 116 area residences were sampled in
an initial round of sampling conducted between March and October 2007.

GAC POET systems have been installed on the blended influent of GVVP’s five potable wells and six area
residences at which MTBE has been detected above the MDE action level. System maintenance is
currently conducted at the six residences with POET systems and the GVP POET system.

6.1 Monthly Sampling

Monthly groundwater samples are collected from the Influent, mid-fluent, and effluent points of the
POET systems at 3990, 3992, and 3994 Farm Lane. Groundwater samples are analyzed for VOCs plus
fuel oxygenates via EPA Method 254.2. A Historical Residential POET Data Summary is presented
as Table 7.

6.2 Quarterly Sampling

Quarterly water samples are collected from the influent, midfluent and effluent points of the POET
systems at 3996 and 3997 Farm Lane and 3923 Rosewood Drive. This data is included in Table 7.
Quarterly samples are also collected from the potable supply wells at 3985, 3987, 3989, 3991, 3993,
3995, and 3998 Farm Lane; 3829, 3833, 3835, and 3837 Greenridge Road; and 3737, 3739, and 3740
Blueberry Court. Groundwater samples are analyzed for VOCs plus fuel oxygenates including
Naphthalene via EPA Method 524.2. A Historical Residential Potable Well Data Summary — VOCs
and TPH Parameters is presented as Table 8.

Quarterly groundwater samples are collected at all GVSC supply wells, GVP supply wells FR-94-1233
and FR-94-1281, and the influent, midfluent and effluent points of the GVP POET system. A Historical
GVSC Potable Well Data Summary is presented as Table 9. A Historical GVP Potable Well and
POET System Data Summary is presented as Table 10.

6.3 Semiannual Sampling

Semiannual groundwater samples have been collected from 3992, 3994, 3996 and 3998 Rye Lane; and
3981, 3983, 3984A, 3984 Farm Lane. Groundwater samples are analyzed for VOCs plus fuel oxygenates
including Naphthalene via EPA Method 524.2. This data is included in Table 8.

6.4 ISCO Sampling

In addition to the sampling discussed above, the influent of the six residential POET systems and GVP
supply wells FR941233 and FR941281 have been sampled for additional parameters for monitoring
associated with the ISCO system. During the first ISCO operation period (February 14 — November 11,
2011), one baseline event and three sampling events occurred. Two sampling events occurred between
the two ISCO system operation periods, and an additional four sampling events occurred during the
second ISCO operation period (February 20 — August 1, 2012).
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These groundwater samples are analyzed for VOCs plus fuel oxygenates (524.2), Total Organic Carbon
(5310C), Chemical Oxygen Demand (410.4), Total Dissolved Solids (2540C), Total Suspended Solids
(2540D), Total Iron (200.8), and Total Chromium (200.8). Sampling results of these additional
parameters are presented in Table 11 (Historical Residential Potable Well Data Summary — ISCO
Parameters).

6.5 August 2012 Event

Supplemental sampling, per the request made by the MDE directive on August 1, 2012, occurred from
August 6 through August 29, 2012. Sampling included all supply wells in the study area. During this
sampling event, samples for hexavalent chromium and lead analyses were collected. The chromium and
lead sampling results are discussed in detail in the Supplemental Chromium and Lead Investigation
Summary.

7 RESULTS
7.1 Contaminant Concentration Trends

Graphs for individual monitoring well changes over time for MTBE, TBA and TPH-GRO are shown in
Appendix F. Graphs are presented for only those monitoring wells that contained significant impact
prior to ISCO system operation. The table below shows a comparison of concentrations prior to and at
the completion of ISCO system operation for both MTBE and TPH-GRO, while also showing the
reduction in concentration as a percentage of the baseline concentration value.

MTBE TPH-GRO
well Baseli_ne Reduction Current_ Baseli_ne Reduction Current_
Sampling Concentration Sampling Concentration
MW-17 7,750 56% 3,380 1,530 >93% <100
MW-18S 4,740 85% 731 1,270 >92% <100
MW-7 2,530 99% 18 951 >89% <100
MW-14D 2,060 -15% 2,360 844 >88% <100
MW-13 1,680 97% 52 731 >86% <100
MW-10 1,540 >99% 7 644 >84% <100
MW-14S 703 97% 22 432 >T77% <100
MW-15D 450 >99% <2 374 >73% <100
MW-18D 49 -967% 525 <100 - <100

*Note: For non-detect values, the reporting limit was used for the reduction percentage calculation, so the
minimum possible reduction is shown.

Overall, the graphs and table show significant contaminant reduction at a number of wells near and
downgradient of the ISCO system injection locations. Nearest to the injection area, concentrations in
monitoring well MW-13 reduced quickly following system startup and have remained at or near reporting
limits for both MTBE and TPH-GRO. At monitoring well MW-18S, which had the second highest
baseline concentration, steadily declining concentrations have resulted in an overall MTBE reduction of
85% and a TPH-GRO reduction of at least 92%. At monitoring well MW-18D, which is screened from
120 to 130 feet bgs, an overall MTBE reduction has not been observed. At monitoring well MW-15D,
contaminant concentrations trended downward during the first operation period of the ISCO system, but
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significant rebound was observed following system shutdown and into the second operation period
(MTBE reached 4,240 pg/L on April 3, 2012). However, concentrations have since significantly
decreased and are now at reporting limits for MTBE and TPH-GRO. Farther downgradient at monitoring

well MW-7, no contaminant reduction was observed until following the installation of injection well 1W-
4, but since that time, contaminant concentrations have decreased to levels at or near reporting limits.

On the back side of the Green Valley Plaza, at monitoring MW-17, which contained the highest baseline
concentrations onsite, contaminant reductions were not observed until the second operation period of the
ISCO system, but overall reductions in MTBE of 56% and TPH-GRO of at least 93% have been
observed. Monitoring well MW-14S has shown significant reductions in contaminant concentrations over
time, with current reductions at 97% for MTBE and at least 77% for TPH-GRO. At monitoring well
MW-14D, which is screened from 201 to 221 feet bgs, a decreasing trend has been observed for TPH-
GRO (88% reduction), but contaminant reduction has not been observed for MTBE. At monitoring well
MW-10, a significant contaminant reduction was observed during and after the first operation period of
the 1ISCO system. While TPH-GRO remained at the reporting limit during the second operation of the
ISCO system, MTBE fluctuated somewhat (as high as 153 ug/L) but is currently at 7 pg/L, which is
nearly a 100% reduction from the baseline concentration.

7.2 Dissolved Oxygen (DO) Monitoring

Graphs for individual monitoring well changes in DO and oxidation-reduction potential (ORP) over time
are shown in Appendix F. A DO contour map comparing baseline DO readings to the maximum DO
reading observed at each well during ISCO system operation is shown as Figure 9. A historical summary
of field readings is presented as Table 5. On the front side of the Green Valley Plaza, monitoring wells
MW-7, MW-8, MW-13, MW-15D, and MW-18S all show a strong influence from the ISCO system in
terms of increases in DO levels. At all of these wells, with the exception of monitoring well MW-7, DO
readings have been observed at significantly elevated levels (commonly above 10 mg/L). Monitoring
well MW-18D is the only well in this area that has not shown strong DO influence.

On the back side of the Green Valley Plaza, monitoring wells MW-10, MW-14S, MW-14D, MW-16, and
MW-17 exhibit some increases, particularly toward the end of the first ISCO system operation period,
that are likely attributed to ISCO system operation. Following the conclusion of the first operation period
(where elevated DO levels are observed), through the start of the second operation period, the DO levels
at these monitoring wells appear to show oxygen being consumed, with DO levels gradually declining
toward baseline levels. The decline in DO levels coincides with the decline in contaminant
concentrations (aside from monitoring well MW-16 where contaminant concentrations were already at
low levels). Currently, the DO levels behind the Green Valley Plaza are not significantly elevated.

Dissolved oxygen readings in seven (7) monitoring wells outside of the ISCO system’s area of observed
influence (MW-1, MW-2, MW-4, MW-5, MW-6, MW-9, and MW-11) also show elevated DO levels
prior to and throughout 1ISCO system operation. The average DO readings in these wells range from 5.8
t0 9.1 mg/L.

Figure 9 is a DO Contour map that compares baseline DO readings with the maximum DO reading in
each well during ISCO system operation. The baseline contours depict an area somewhat depleted of
oxygen extending from monitoring well locations MW-13 to MW-17, with higher DO levels in the
monitoring wells farthest away from this zone. This zone of reduced DO conditions corresponds with
areas of highest MTBE concentration and transport. The contours of maximum DO readings show DO
readings significantly elevated compared to baseline levels, and demonstrated the secondary effects of
ISCO system operation. Eight (8) monitoring wells have demonstrated DO levels greater than 14 mg/L.
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The most recent data, since the ISCO system has been shut down, suggest that the area of low DO levels
present (as shown in the recent DO contour) has been reduced to a much smaller area on the back side of
the Green Valley Plaza, with DO levels now higher than surrounding wells in the vicinity of monitoring
wells MW-13 and MW-18S.

7.3 Oxidation-Reduction Potential (ORP) Monitoring

Prior to the start of ISCO system operation, ORP values were positive throughout the site with the
exception of monitoring well MW-18S (and MW-14D on one occasion). Positive ORP indicates
oxidizing conditions exist in the subsurface and the potential for aerobic hydrocarbon biodegradation also
exists. Since the start of the ISCO system operation, seven (7) monitoring wells that were not located
within the expected area of ISCO system influence (MW-1, MW-2, MW-4, MW-5, MW-6, MW-9, and
MW-11) have continued to show ORP values consistent with historical results. The average of the
historical ORP readings in each of these surrounding monitoring wells has been between 218 and 262
mV.

At eleven (11) monitoring wells where additional ORP monitoring was conducted throughout operation
of the ISCO system (MW-7, MW-8, MW-10, MW-13, MW-14S, MW-14D, MW-15D, MW-16, MW-17,
MW-18S, and MW-18D), ORP values have been positive at each of these monitoring wells with the
exception of monitoring wells MW-18S and MW-18D. Monitoring well MW-13 (the well closest to
injection wells IW-1S, IW-1D, and IW-2S) shows clear evidence that ISCO system operation caused an
increase in ORP with significant increases in ORP values (as high as 945 mV) and a return to values
consistent with historical levels during the period between the two system operation periods.

During the second ISCO system operation period, six (6) monitoring wells (MW-10, MW-13, MW-14S,
MW-14D, MW-16, and MW-17) show increasing ORP trends until the end of May 2012 when the ORP
values decline toward baseline levels even as the system continued to operate. In these monitoring well
locations, the ORP appears to have somewhat of an inverse relationship with DO, where the ORP is lower
when the DO is elevated, and vice versa. Increased microbial activity when the DO is elevated can cause
the ORP to shift downward, and could be a factor in this relationship.

7.4 Headspace VOC Monitoring

Low headspace VOC readings were observed at monitoring wells MW-7, MW-8, MW-10, MW-13, MW-
15D, MW-18S, MW-18D, and soil vapor points SV-1 and SV-2. The presence of VOCs in the headspace
is likely a result of sparged air volatilizing or stripping VOCs present in the groundwater.

75 Headspace Oxygen Monitoring

Air injected via the ISCO system contains levels of oxygen greater than atmospheric levels. Headspace
oxygen readings were recorded above atmospheric levels in monitoring wells MW-7, MW-8, MW-13,
MW-15D, MW-18S, and soil vapor points SV-1 and SV-2. This is strong evidence of influence from the
ISCO system either through the groundwater or through air movement in the unsaturated zone.

7.6 Pressure Influence

Pressure influence was observed at a number of monitoring wells throughout the ISCO system at limited
points, but only measured with some consistency at monitoring wells MW-8, MW-13, MW-15D, MW-
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18S, and MW-18D, which is evidence that connections exist in the subsurface between these five (5)
monitoring wells and one or more of the injection wells.

7.7 MW-18S Anomalies

Monitoring well MW-18S has shown anomalous results for a number of monitoring parameters.
Compared with other monitoring wells, MW-18S has particularly high levels of total dissolved solids
(TDS), high pH, high conductivity, and low ORP. Among the high level of TDS is hexavalent chromium,
which is discussed in detail in the Supplemental Chromium and Lead Investigation Summary. The
monitoring well does demonstrate a connection to the injection wells, as exhibited through contaminant
reductions, changes in DO, pressure and headspace VOC concentrations during system operation, but the
system’s oxidizing capacity has thus far not overcome the reducing environment around MW-18S to
cause a positive ORP. Hydraulic (slug) testing at monitoring well MW-18S also demonstrate low
hydraulic conductivity relative to other site wells suggesting poor hydraulic connection to the aquifer.

7.8 Potable Well, POET System, and Supply Well Monitoring Results

Six (6) residences have consistently shown detections but declining levels of MTBE (3923 Rosewood Dr
and 3990, 3992, 3994, 3996, and 3997 Farm Lane), and each has a POET system. The Residential and
Supply Well Monitoring Graphs presented in Appendix G show the influent concentrations of MTBE
and TBA over time. These data do not demonstrate the significant MTBE concentration reductions
brought about by ISCO operation as is noted for many of the site monitoring wells. However, some
MTBE reductions have been observed and no overall increases in MTBE levels have occurred. It is
unlikely that chemical oxidants could migrate the distances required to reach the residences, especially
since these agents are short-lived in the environment, but secondary effects from 1SCO operation that
stimulates microorganism activity has clearly occurred.

At the two (2) residences closest to the injection area, MTBE concentrations were significantly lower than
the other four residences prior to ISCO system startup, and MTBE concentrations were consistently
below 10 pg/L following the ISCO system startup. At 3923 Rosewood Drive, the MTBE concentration
was 11.3 and 20.2 pg/L in July and August, respectively. The MTBE concentration has ranged from non-
detect (less than 0.5 pg/L) to 2.81 pg/L since ISCO system operation began. At 3997 Farm Lane, MTBE
concentrations were 34.3 and 83.5 pg/L in the two months prior to ISCO system startup and have ranged
from non-detect to 7.68 pg/L since operation began.

At 3996 Farm Lane, the MTBE concentration was 246 ug/L two days following system startup and was
18 pg/L the prior month. Contaminant reductions have since been observed, with the most recent MTBE
concentration being 103 pg/L, however concentrations are still not as low as the multiple readings from
the months prior to system startup.

At 3994 Farm Lane, MTBE concentrations were 745 and 607 pg/L in the two months prior to ISCO
system startup, but had previously reached a low of 346 pg/L. Samples collected during the first system
operation period were 303 and 328 ug/L. During the downtime between the first and second system
operational periods, the two samples collected exhibited MTBE concentrations of 709 and 664 pg/L.
During the second system operation period, MTBE concentrations decreased to 174 and 284 ug/L.

At 3992 Farm Lane, MTBE concentrations have generally been lower since the 1ISCO system started,
however the concentrations have varied significantly, ranging from 285 to 962 upg/L. The MTBE
concentrations were 778 and 649 ug/L during the two months prior to ISCO system startup. No clear
cause and effect relationship can be demonstrated here relative to ISCO system operation.

18



ISCO System Comprehensive Summary Report & Update to the CSM m.
Monrovia BP/Former Green Valley Citgo . - | : ’.‘
11791 Fingerboard Road, Monrovia, Frederick County, MD

At 3990 Farm Lane, MTBE concentrations since ISCO system startup have been significantly lower than
historical concentrations, but no clear downward trend has been observed. Concentrations in two of the
three months prior to system startup were similar to current MTBE concentrations. Throughout the ISCO
operation period, MTBE concentrations ranged from 430 to 749 pg/L, while being measured at 1,920 and
588 ug/L during the prior two months.

Of the GVP wells, only one (FR941281) consistently showed detections of MTBE prior to ISCO system
startup, but detections have never exceeded 17 pg/L and the MTBE concentration had reached non-detect
(less than 0.5 pg/L) prior to ISCO system startup. Since ISCO system startup, readings have consistently
stayed low with the maximum reading at 1.96 pg/L.

As discussed previously, additional monitoring for parameters other than VOCs was undertaken at the six
residences with POETSs and two of the GVP wells prior to and during the ISCO system operation. The
chromium and lead sampling results are discussed in detail in the Supplemental Chromium and Lead
Investigation Summary.

8 CONCLUSIONS AND RECOMMENDATIONS

Overall, the ISCO system at the Site demonstrated success through the documented significant reductions
in contaminant concentrations (MTBE and TPH-GRO), as well as increases in DO throughout the
targeted area. In addition, another benefit of the injection process was the stimulation of microorganisms
from increased levels of DO, which was observed downgradient of the injection location. GES believes
that this ISCO system has the ability to progress the Site toward long-term remedial goals and
recommends the restart of the ISCO system. However considering the significant quantity of information
being provided at this time in addition to further sampling data currently being collected, GES proposes
deferring the restart of the of ISCO system until the MDE has reviewed all information being provided.
A work plan will be provided to the MDE under separate cover subsequent to completion of additional
data analysis, evaluation and review. The work plan will include the details for future proposed remedial
efforts as well as a supplemental groundwater monitoring program to be submitted to the MDE for
approval.
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INSF = Insufficient water to sample

MTBE = Methyl Tert-Butyl Ether
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QK = Data was out of the calibration range; therefore, it is an estimated value.
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Well ID Dissolved Oxygen Date
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TABLES




Table 1

MONITORING WELL CONSTRUCTION DETAILS

Carroll - Monrovia MD - Green Valley Citgo
11791 Fingerboard Road
Monrovia, MD

. TOS from | BOS from
Well 1.D. | Well Permit # Date_ 