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EXECUTIVE SUMMARY
WSP USA Inc. (WSP) has prepared this Operations, Maintenance, and Monitoring (OM&M) Report to evaluate the
performance of the groundwater corrective measures implemented at the Former Kop-Flex property located at 7555 Harmans
Road in Hanover, Maryland (the Site). This report describes the operation (including maintenance activities) and
effectiveness of the hydraulic containment and treatment system (the System) in mitigating groundwater quality impacts to
the aquifer system for the reporting period of January 1, 2022, through December 31, 2022. WSP is submitting this report on
behalf of EMERSUB 16, LLC, a subsidiary of Emerson Electric Co. The Site is currently owned by Catalent Harmans Road,
LLC, a subsidiary of Catalent Cell & Gene Therapy (Catalent).

The following Response Action Objectives (RAOs) with respect to groundwater were previously developed for the Site and
continue to be used to gauge progress towards cleanup goals (WSP 2015a):

— controlling migration of groundwater with constituents of concern (COCs) exceeding applicable human health criteria
beyond the Former Kop-Flex property boundary

— reducing concentrations of COCs in the aquifer system
— restricting groundwater use on the Site to prevent potential exposure to COCs present at concentrations above applicable

human health criteria

The System runtime was approximately 63% during the 2022 calendar year. Periods of downtime included scheduled and
unscheduled shutdown events, routine maintenance, and replacement of System equipment.   There was an extended
shutdown of the System starting April 29, 2022, due to consistently elevated pH measurements of the System’s boiler
blowdown water discharging to the sanitary sewer under an Anne Arundel County (County) Pre-treatment Program discharge
permit (Wastewater Discharge Permit). The System remained nonoperational until August 8, when modifications were made
to the System for interim management of the boiler blowdown discharge. These modifications involved rerouting the
blowdown water to an onsite frac tank for subsequent pH adjustment and discharge to the sanitary sewer system in
accordance with the County Wastewater Discharge Permit. The long-term approach for management of the boiler blowdown
discharge will be the addition of this water to the extracted groundwater flow for treatment through the System.

Iron fouling in recovery well RW-1S caused failure of the submersible pump installed in the well. In response, WSP
developed a plan to assess all groundwater recovery wells for possible iron fouling or other impacts that could affect recovery
well performance. Yield testing of each of the System recovery wells to assess recovery well performance during June
suggested a significant reduction in yield, or specific capacity (well discharge per foot of drawdown), of each of the shallow
recovery wells. The camera surveys completed as part of the assessment also revealed the presence of degrading remnants of
galvanized steel cable in some of the wells. The cables had been used to secure the submersible pumps during initial System
installation. Chemical rehabilitation of the shallow recovery wells to address the biofouling impacts and redevelopment of all
recovery wells was completed during July. Redevelopment of the recovery wells allowed for the removal of the corroded
security cable from recovery wells RW-3S and RW-1D; some remnants of the security cable remain in RW-2D. Yield testing
conducted at each shallow recovery well following rehabilitation indicated a significant increase in well yield at RW-1S and
RW-2S, with values consistent with data from the baseline tests conducted following the installation of the wells in the fall of
2016. Yield testing at RW-3S did not show any noticeable improvement in the post-rehabilitation well performance. WSP’s
belief is that the reduced performance of RW-3S is due to clogging of the sand filter pack and/or borehole wall by clayey
sediments and is developing a plan to further evaluate possible rehabilitation measures.

Based on the 2022 operational data, the System processed approximately 21.8 million gallons of groundwater extracted from
the five recovery wells. Since System start up in March 2017 through the end of December 2022, the System has treated
approximately 165.5 million gallons of water. Approximately 52.6 pounds (lbs.) of Site-related volatile organic compounds
(VOCs) and 20.4 lbs. of 1,4-dioxane were recovered from the aquifer during 2022. The removal efficiency of the resin media
was 100% for VOCs and approximately 98.6% for 1,4-dioxane. A total of approximately 650 lbs. of Site-related VOCs and
1,4-dioxane have been removed since initiation of corrective measures through the end of the 2022 calendar year.

Analysis of the treated water (i.e., effluent) samples during 2022 indicated non-detect concentrations of VOCs and non-detect
to low levels of 1,4-dioxane, with detected concentrations ranging from 1.0 micrograms per liter (µg/L) to 6.6 µg/L. There
were no exceedances of the National Pollutant Discharge Elimination System (NPDES) discharge permit limits or the Site-
specific 1,4-dioxane cleanup level during the reporting period. The 1,4-dioxane concentrations in the samples reflected a
decrease in the treatment, or adsorptive, capacity of the resin, a condition that was initially identified during sampling
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conducted in December 2018 and was further investigated during 2019. The reduction in the resin’s 1,4-dioxane adsorptive
capacity is caused by a buildup of organic constituents that are not removed during steam regeneration of the resin.  A
regeneration reset, which involves temporarily shutting down the System to allow for the steam regeneration of both resin
vessels to remove VOCs and 1,4-dioxane, was completed to maintain System treatment capacity. Cleaning of the resin using
a heated caustic solution to remove the buildup of organic foulants was determined to be unnecessary during 2022 due to
reduced System runtime.

Since the System was shut down during the spring (May) 2022 sampling event, the groundwater elevations provided data
under non-pumping conditions for the aquifer system at the Site. The groundwater contour maps indicate that groundwater
flows to the west and northwest in the shallow zone of the Lower Patapsco Aquifer (LPA). The overall hydraulic gradient
indicates that groundwater flow is generally from areas of highly impacted groundwater towards the shallow pumping wells
west of the southern building. The May groundwater contour map for the deep (leaky confined) zone of the LPA flows
generally south towards the location of the deep pumping wells at the property boundary.

When the System was operational in November 2022, two well developed areas of drawdown located in the shallow zone and
the deep zone of the LPA were observed in response to pumping. These drawdown cones are evidence of an effective capture
zone surrounding the pumping wells downgradient of the source areas. Along the same lines, groundwater quality data
gathered in 2022 exhibits generally decreasing trends in VOCs and 1,4-dioxane concentrations. The decrease in
concentrations is most noticeable in monitoring wells near the limits of the plume areas, suggesting that the System is
reducing the extent of contaminant impacts within the aquifer system.

Overall, the 2022 groundwater monitoring data indicates that the RAOs are being achieved for the Site. The operation of the
System is deemed necessary during 2023 due to concentrations of VOCs and 1,4-dioxane remaining above the Cleanup
Standards.  The long-term groundwater monitoring program will continue to evaluate achievement of the groundwater RAOs.
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1 INTRODUCTION

1.1 PURPOSE OF THIS REPORT
On behalf of EMERSUB 16, LLC, a subsidiary of Emerson Electric Co., WSP USA Inc. (WSP) is submitting this Annual
Operations, Maintenance, and Monitoring (OM&M) Report describing the activities conducted during the 2022 reporting
period (January 1, 2022, through December 31, 2022) as part of the corrective measures at the Former Kop-Flex property
located at 7555 Harmans Road in Hanover, Maryland (the Site). The Site is identical to the area described as the “Facility” in
the U.S. Environmental Protection Agency (EPA) Administrative Order on Consent (Consent Order), Docket No. RCRA-03-
2016-0170 CA, Section IV.C.3. This report is being submitted in accordance with Section 14.2 of the October 2015 Response
Action Plan (RAP), Revision 2 (WSP 2015a), which requires the submission of OM&M reports to the Maryland Department
of the Environment (MDE) and EPA on an annual basis1. The Corrective Measures Implementation (CMI) Five-Year
Assessment Report, which included OM&M reporting information for calendar year 2021, was submitted to the EPA and
MDE in February 2023 (WSP 2023).

1.2 SUMMARY OF CURRENT GROUNDWATER CONDITIONS
The aquifer at the Site is comprised of the Lower Patapsco Aquifer (LPA) of the Atlantic Coastal Plain aquifer system. The
primary water-bearing zones in the LPA consist of a shallow (unconfined to semi-confined) zone and deep (confined) zone
which are separated by a leaky confining unit of variable thickness. The direction of groundwater movement in the shallow
zone mimics the general surface topography and is largely influenced by local surface water features, with flow to the north
and west toward Stony Run. Groundwater flow in the deep zone is to the south and east, consistent with the regional
groundwater flow in the LPA in this portion of the coastal plain aquifer system. Additional details regarding the Site’s
hydrogeologic setting are provided in the October 2015 RAP, Revision 2 (WSP 2015a) and subsequent amendments to this
document.

Groundwater sampling results confirm the existence of Site-related contaminants in both the shallow and deep portions of the
LPA beneath the former Kop-Flex property. The Site-related volatile organic compounds (VOCs) in groundwater consist of
1,1,1-trichloroethane (TCA) and its degradation products 1,1-dichloroethane (DCA) and 1,1-dichloroethene (DCE); and other
chlorinated ethenes including cis-1,2-DCE, trichloroethene (TCE), and tetrachloroethene (PCE). Additionally, 1,4-dioxane,
an additive historically used in commercial formulations of 1,1,1-TCA solvents, is present in groundwater.

The installation of the hydraulic containment and treatment system (the System) discussed in this report was completed in
February 2017 to contain the groundwater plumes in both zones of the LPA. The contaminant plume in the deep confined
portion of the LPA extends offsite to the south-southeast from the former Kop-Flex property. Groundwater conditions in the
off-property area are described in a separate offsite groundwater monitoring report.

1.3 SYSTEM DESCRIPTION
Pursuant to the requirements under the EPA Consent Order (Section VI.B.1.a.) and RAP, a System has been installed at the
Site to control the migration of chlorinated VOCs (CVOCs) and 1,4-dioxane in groundwater. The System involves the
continuous extraction and treatment of affected groundwater at the Site. Groundwater is extracted from a network of three
shallow recovery wells (RW-1S through RW-3S), screened within the shallow zone of the LPA, and two deep recovery wells
(RW-1D and RW-2D), screened in the deep zone of the LPA (Figure 1). The extracted groundwater is routed via
underground piping to the System building. Treatment equipment is comprised of a flow equalization (EQ) tank to regulate

1 Addenda to the approved RAP included the following: Addendum #1 (dated February 24, 2016) involving the deep groundwater
extraction wells and treatment system; Addendum #2 (dated April 15, 2016) regarding the management of stormwater with excavation
areas created as part of the property re-development; and Addendum #3 (dated June 23, 2016) involving the sub-grade water conveyance
piping from the extraction wells to the treatment building.
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flow of water through the treatment components, bag filters for suspended solids removal, synthetic resin (AMBERSORBTM

560) for the removal of CVOCs and 1,4-dioxane, a metering pump for the addition of caustic soda for pH adjustment of the
water, and two parallel in-line aerators to increase dissolved oxygen levels in the water. The treated water is discharged to the
nearby stream, Stony Run, in accordance with the requirements specified in State Discharge Permit Number 15-DP-3442,
which corresponds with National Pollutant Discharge Elimination System (NPDES) Permit MD 0069094, (the Permit) issued
by the MDE. Samples of the treated effluent are collected monthly for the analysis of VOCs and other parameters (including
1,4-dioxane), in accordance with the Permit and RAP. The installation of the System was completed in February 2017, with
continuous, full-scale operation beginning on March 10, 2017.

There are two synthetic resin vessels, identified as T-1100 and T-1200, which are arranged in series. They operate in a lead-
lag configuration until the lead vessel reaches its adsorption capacity for the contaminants, which is based on the volume of
water processed by the vessel. When the lead vessel has processed the pre-determined volume of water, the lag vessel is
switched into the lead position, and the contaminant-loaded, former lead vessel is temporarily taken out of operation for
regeneration. The loaded vessel is regenerated onsite using steam process equipment, including a boiler and steam
superheater, to remove the adsorbed constituents from the resin. The steam containing the desorbed constituents is discharged
to the atmosphere through the steam reheater. Once the regeneration process is completed, the regenerated vessel is returned
to operation as the lag vessel, and the cycle is repeated. Condensate produced during the regeneration process combines with
influent groundwater in the flow EQ tank for treatment through the System. Softened water used to quench (cool) and rinse
the regenerated resin is also routed to the flow EQ tank to combine with groundwater for treatment.

1.4 RESPONSE ACTION OBJECTIVES
Since impacted groundwater poses the most significant risk to potential receptors, the goals for the corrective measures are
focused on the affected groundwater in the LPA. The following Response Action Objectives (RAOs) with respect to
groundwater were previously developed for the Site and continue to be used to gauge the performance and effectiveness of
the corrective measures (WSP 2015a):

— controlling migration of groundwater with constituents of concern (COCs) exceeding applicable human health criteria
beyond the Former Kop-Flex property boundary

— reducing concentrations of COCs in the aquifer system
— restricting groundwater use on the Site to prevent potential exposure to COCs present at concentrations above applicable

human health criteria.

1.5 CLEANUP STANDARDS
The groundwater cleanup levels for the COCs detected in the groundwater are based on the MDE Cleanup Standards
(Cleanup Standards) for Type I/II Aquifers, except as noted for 1,4-dioxane, and are listed in the table below.  The cleanup
criterion for 1,4-dioxane, which is not included in the MDE Cleanup Standards, was determined from an evaluation of
calculated risk-based concentrations in groundwater. Based on this evaluation, a property-specific cleanup criterion of 15
micrograms per liter (µg/L) was established for 1,4-dioxane at the Site, whereas the action level for 1,4-dioxane in the offsite
area is 4.6 µg/L.
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2 The standard for 1,1-DCA reflects the current numerical criterion promulgated by MDE, which was updated in October 2018.

3 The standard for chloroethane reflects the current numerical criterion promulgated by MDE, which was updated in October 2018.

Compound Cleanup Standard (µg/L)

1,1,1-TCA 200

1,1-DCA 2.82

1,1-DCE 7

1,2-DCA 5

Chloroethane 2,1003

TCE 5

cis-1,2-DCE 70

1,4-Dioxane 15
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2 SYSTEM OPERATION AND
PERFORMANCE MONITORING

2.1 SYSTEM RUNTIME AND DOWNTIME
During the reporting period from January 1, 2022, through December 31, 2022, the System operated approximately 63% of
the time. Some downtime was related to the completion of routine maintenance activities, such as changing bag filters,
cleaning strainers, testing the high-sump alarm, or the replacement of System components, in accordance with WSP’s
OM&M Manual (WSP 2018). Additional non-routine System shutdowns associated with unexpected events and System
maintenance occurred as described below.

— On February 21, 2022, the System was shut down to conduct a reset of the regeneration sequencing for the resin vessels.
A regeneration reset is currently completed at least semi-annually to address early loading, or “pre-loading”, of the lag
vessel’s resin due to an exceedance of resin adsorption capacity of the lead vessel. System flow was suspended to allow
for the steam regeneration of both resin vessels to remove any Site-related VOCs and 1,4-dioxane from the media. The
steam regeneration process for each vessel takes approximately 24 hours to complete and is routinely done with one
vessel continuing to process contaminated water. “Resetting” the System by removing all COCs from the media in both
vessels returns the System to the most optimal treatment capacity. The System was restarted on February 23, 2022,
following completion of the regeneration reset.

— The System was manually shut down on March 14, 2022, to allow for replacement of the conductivity-based boiler
blowdown assembly to ensure adequate blowdown for optimal boiler operation (Section 2.5.2). The System was restarted
on March 16, 2022, following completion of the replacement installation.

— On April 29, 2022, the System was manually shut down following measured exceedances of the permitted pH range for
the System’s boiler blowdown water discharging to the sanitary sewer under the Wastewater Discharge Permit issued by
the Anne Arundel County (County) Pre-treatment Program. The System was restarted on August 8, 2022, following the
completion of System modifications to containerize and manage the boiler blowdown water (Section 2.3). The System
experienced additional short (1- to 5-day) shutdowns during August to implement the System modifications for the
boiler blowdown water management.

— On September 16, 2022, the System was manually shut down after the operator noted malfunctioning of the System in-
line pH probe that controls operation of the caustic pump for pH adjustment. The System was restarted on September 21,
2022, following replacement of the pH probe and transmitter (Section 2.5.2). A spare pH probe sensor for the new pH
probe model is now kept onsite to reduce potential future downtime.

— On December 7, 2022, the System was shut down to conduct a reset of the regeneration sequencing for the resin vessels,
as described above. The System was restarted on December 9, 2022, following completion of the regeneration reset.

The prolonged (3+ month) shut-down period to determine an alternate method for managing the boiler blowdown water was
the primary cause for the reduced System run-time efficiency during the 2022 calendar year.
Non-routine partial shutdown of the recovery wells occurred on several occasions during 2022.  For the shallow recovery
wells, the submersible pump installed in RW-1S ceased operation on March 5, 2022, due to significant iron build-up within
the pump (Section 2.4). Groundwater pumping from RW-1S resumed on April 14, 2022, following replacement of the
submersible pump and cleaning of the water line running from the pump to the well-head vault.  In addition, the water level
pressure transducer deployed in well RW-3S, which controls the operation of the variable frequency drive (VFD) for the
submersible pump, experienced failure on September 1, 2022. (For each recovery well, the transducer needs to be functioning
or the submersible pump will not operate.) Before initiating any repairs to the transducer, WSP will evaluate (1) the hydraulic
response due to pumping from the remaining shallow recovery wells – RW-1S and RW-2S – and (2) the contaminant mass
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recovery from RW-3S to assess this well’s contribution on the overall performance of the shallow recovery well system.4
There has been no operation of the submersible pump in RW-3S since failure of the pressure transducer.
Since 2020 there has been a recurring problem associated with the operation of deep recovery well RW-1D that does not
affect the operation of the other recovery wells or function of the other System components; the System continues to extract
and treat groundwater from the shallow recovery wells and RW-2D while RW-1D is non-operational. The VFD that controls
the submersible pump installed in RW-1D occasionally experiences a fault following the completion of a System
regeneration, causing the RW-1D pump to cease operation temporarily, requiring manual reset of the VFD by an operator
onsite. Initially, the problem occurred a few times during 2020 and 2021, but had ceased following a hard reset of the
electrical panel on which the RW-1D VFD is mounted in early September 2021. The RW-1D VFD fault recurred at various
times during 2022, particularly from late August through early December; however, there have been no significant
recurrences since the VFD was serviced in January 2023.

When fully operational, the groundwater withdrawal rate for the System ranged from approximately 65 gallons per minute
(GPM) to 72 GPM, with an average rate of 68 GPM during the reporting period. The design flow rate for the System was
approximately 80 GPM (WSP 2015a). Based on the System effluent totalizer, approximately 21.8 million gallons of
groundwater was treated and discharged to Stony Run from January 1, 2022, through December 31, 2022. Additional
information on the groundwater extraction rates for the shallow and deep recovery wells is provided in Section 2.2.4.

2.2 OPERATIONAL AND PROCESS MONITORING DATA

2.2.1 OVERVIEW OF TREATMENT SYSTEM OPERATION

During System operation, water samples were regularly collected for chemical analysis to monitor and evaluate VOC and
1,4-dioxane concentrations in the System influent (Table 1) and effluent (Tables 2 and 3). Total COC concentrations (VOCs
+ 1,4-dioxane) for the System influent were generally consistent during the reporting period, with the highest System influent
concentration (480 µg/L) detected in the sample collected during September 2022, and the lowest concentration (279 µg/L)
detected in the sample collected during June 2022 (Figure 2). The low June 2022 influent concentrations are potentially the
result of short-term reduced capture of COCs while the System was non-operational between April 29 and August 8 (Section
2.3), allowing diffusion of COCs from low permeability to high permeability zones. This would also result in higher influent
concentrations in the September and November 2022 samples once continuous System operation and groundwater capture
was restored.

Analysis of the treated water (i.e., effluent) indicated non-detect concentrations of VOCs and non-detect to low levels of 1,4-
dioxane. The detectable concentrations of 1,4-dioxane ranged from 1.0 µg/L to 6.6 µg/L (Table 3). There were no
exceedances of the Site-specific 1,4-dioxane cleanup level of 15 µg/L in the treated effluent.

In addition to VOCs and 1,4-dioxane, effluent samples were collected for the analysis of other parameters, in accordance with
the Permit. The analytical results for all samples indicate compliance with the effluent limitations specified in the Permit
(Table 2).

Based on the findings from an inspection completed by MDE in February 2022 (Section 2.2.3), MDE recommended
conducting periodic analysis of the effluent for total residual chlorine (TRC), with immediate notification to MDE if a
concentration of > 0.1 milligrams per liter (mg/L) is detected in the discharge. WSP began regularly monitoring TRC
concentrations in the System effluent discharge during February 2022 (Table 4). TRC is measured in the field with a digital

4 WSP completed the evaluation of well RW-3S in April 2023.  The results of this assessment indicated the temporary cessation of
groundwater pumping from RW-3S would not negatively affect the continued hydraulic containment of the shallow contaminant plume or
result in a significant decrease in the contaminant mass recovery from the shallow LPA zone. In the Quarterly Corrective Measures
Progress Report No. 26 (dated June 2, 2023), EMERSUB 16 and WSP proposed to temporarily shut-down pumping from RW-3S to allow
for further assessment and rehabilitation of this recovery well.  In conjunction with the well assessment and rehabilitation, the water level
transducer would be repaired or replaced in the event well RW-3S is brought back on-line.
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colorimeter at the time of sample collection. TRC monitoring results are provided to MDE in the monthly Discharge
Monitoring Reports. All TRC monitoring results during 2022 were equal to or less than the 0.1 mg/L notification level.

2.2.2 TREATMENT SYSTEM MONITORING AND PERFORMANCE

The System treatment equipment performance was monitored by collecting and analyzing influent and effluent water samples
from in-line sample ports located at the treatment building. The System effluent samples also fulfilled the monitoring
requirements specified in the Permit. The samples were analyzed for VOCs using either EPA SW-846 Test Method 8260D
(influent samples) or EPA Method 624.1 (effluent samples) and 1,4-dioxane using modified EPA SW-846 Test Method
8260B with Selected Ion Monitoring (SIM). Lab analysis was conducted by the Phase Separation Science, Inc. laboratory
located in Catonsville, Maryland.

The historical VOC and 1,4-dioxane results for the System influent and effluent samples are summarized in Tables 1, 2, and
3. Certified laboratory analytical reports for the January 2022 through December 2022 influent and effluent samples are
included in Appendix A. Influent VOC and 1,4-dioxane results were compared to the Cleanup Standards, as stated in Section
1.4 of this document. Based on the analytical results, 1,1-DCA, 1,1-DCE, and 1,4-dioxane were the only constituents
detected above their respective Cleanup Standard in the influent samples. Other CVOCs detected in the System influent,
albeit not above the Cleanup Standards, included 1,1,1-TCA, 1,2-DCA, chloroethane, TCE, and cis-1,2-DCE. For the non-
exceeding COCs, 1,1,1-TCA and chloroethane, which is another degradation product of 1,1,1-TCA, were detected at the
highest concentrations in the influent samples, with the chlorinated ethenes TCE and cis-1,2-DCE, and 1,2-DCA present at
very low concentrations (< 2 µg/L). The total VOC concentrations in the influent ranged from 193 µg/L (June 2022) to
330 µg/L (September 2022). The 1,4-dioxane concentrations in the influent ranged from 86 µg/L (June 2022) to 150 µg/L
(September 2022).

Figure 2 plots the historical concentrations of total VOCs and 1,4-dioxane in the System influent from start-up (March 2017)
through the end of 2022. This plot shows a generally decreasing trend for influent concentrations during the initial 6 months
of operation, followed by a slight increase in concentrations from late 2017 through the first half of 2018. Total VOC
concentrations have gradually decreased since the fourth quarter of 2018, but the rate of change generally slows each year
(i.e., concentrations appear to be reaching relatively stable levels). Based on the System supplier’s modeling of measured
influent concentrations, the corresponding resin loading rate should require two regenerations per week. However, the
regeneration frequency was increased to three times per week in April 2019 based on increasing detections of 1,4-dioxane in
the System effluent and has remained at that rate through this reporting period.

No VOCs were detected above the method reporting limits in the effluent samples collected during 2022. Based on these
sampling results, the VOC removal efficiency during the reporting period was 100%. The 1,4-dioxane concentrations in the
effluent water samples ranged from below the method reporting limit of 1.0 µg/L (four samples) to 6.6 µg/L (December
2022). Based on the sampling results, the removal efficiency for 1,4-dioxane was approximately 98.6% during 2022, which
approaches values for the initial years of System operation.5  Based on sampling results for the previous years, removal
efficiencies for 1,4-dioxane during 2017, 2018, 2019, 2020, and 2021 were calculated at 100%, 99.5%, 93.3%, 95.8%, and
98.1% respectively.

During the 2022 reporting period, the System removed an estimated 52.6 pounds (lbs.) of the primary CVOCs: 1,1-DCE, 1,1-
DCA, and 1,1,1-TCA, and 20.4 lbs. of 1,4-dioxane (Table 5). Figure 3 plots the historical mass removal of the primary
CVOCs and 1,4-dioxane by the System from start-up (March 2017) through December 2022. As shown in this plot, total (i.e.,
cumulative) mass removal of the primary COCs has exhibited a consistent increasing trend since System start-up, as
expected. While annual COC mass removal has decreased each year from a historical high of 152.4 lbs. in 2018, the removal
during 2022 (73.0 lbs.) was slightly higher than during 2021 (65.5 lbs.) (Table 5). Lower System runtimes in 2020, 2021, and
2022 (77%, 62%, and 63%, respectively) as compared to previous years (greater than 90%) are a major contributing factor to
this reduction in contaminant removal. This reduction may also reflect a decrease in the mass present within the aquifer; as
stated previously, historical concentrations of total CVOCs and 1,4-dioxane in the System influent have gradually decreased
since System start-up (Figure 2).

5 Based on the characteristics of the 1,4-dioxane breakthrough curve, the effluent concentration represents a maximum concentration for
that sampling period and not the average concentration for the monitoring period. As a result, actual removal efficiency is presumed to be
greater than 98.6%.



2022 Operations, Maintenance, and Monitoring Report – Hydraulic Containment and Treatment System
Project No.  31405608.010
EMERSUB 16, LLC

WSP
July 2023

Page 9

2.2.3 MDE COMPLIANCE INSPECTION

The MDE Water and Science Administration conducted an inspection of the System on February 9, 2022, which focused on
evaluating compliance with the requirements in the NPDES Permit for the System. The inspection findings were
communicated to WSP in an inspection report dated February 18, 2022. The inspection report noted a few violations related
to the reporting of information in a small number of monthly Discharge Monitoring Reports. In addition, the report
documented a few other findings, the most significant of which was the omission of information regarding the inclusion of
very small, intermittent amounts of potable water with the extracted groundwater in the application for the existing NPDES
Permit. The potable water consists of (1) condensate from the steam regeneration process and (2) softened water used to
quench (cool) and rinse the treatment resin following regeneration. Both potable water streams are added to the flow EQ tank
with the influent groundwater for treatment through the System, as described in Section 1.3.

WSP addressed the reporting violations and provided responses to all findings in a letter to MDE dated March 11, 2022.
Information concerning the generation and chemistry of the regeneration-related potable process waters was also provided in
this response letter.

Based on follow-up discussions, MDE determined the combined groundwater + potable water discharge from the System
could be handled under the existing Permit. MDE indicated that information regarding the inclusion of the regeneration-
related potable water to the extracted groundwater will be included in the renewal Permit and supporting documentation, and
that TRC may be included in the effluent monitoring parameters moving forward. In addition, MDE recommended
conducting periodic analysis of the effluent for TRC; WSP began regularly monitoring TRC concentrations in the System
effluent discharge during February 2022 (Section 2.2.1).

2.2.4 RECOVERY WELL GROUNDWATER EXTRACTION AND MASS REMOVAL

GROUNDWATER PUMPING RATES

The monthly average extraction rates and total volume withdrawn for each recovery well are provided in Table 6 and Table 7,
respectively. Data for each recovery well is collected weekly by the certified System operator from a flowmeter located at
each wellhead. Higher extraction rates, averaging around 30 GPM, were set at each of the deep recovery wells compared to
the shallow recovery wells, which averaged around 2 to 5 GPM, to ensure capture of the southward migrating plume in the
deep zone of the aquifer. For the shallow recovery wells, a higher extraction rate was set at RW-1S (as compared to RW-2S
and RW-3S) for much of 2022 because of the historically higher COC levels in the extracted groundwater at this location
(Figure 4). Following rehabilitation of the recovery wells in late June, which significantly improved the specific capacity of
wells RW-1S and RW-2S (Section 2.4), a higher extraction rate was able to be established in RW-2S. RW-2S has exhibited
an increasing trend in COC concentrations over the last few years, with 2022 concentrations similar to those at RW-1S
(Figure 4). The average combined flow rate determined from the summation of the individual recovery well extraction rates
(Table 6) include data from nonoperational and partially operational days. Given this method of determination, most of the
recovery wells saw a significant decrease in average annual extraction rate during 2022 due to the multiple shutdowns of the
System described in Section 2.1, most notably the extended shutdown from April 29 through August 8 (Section 2.3).

MASS REMOVAL AT GROUNDWATER EXTRACTION POINTS

WELL DISCHARGE SAMPLING

In accordance with the Groundwater Monitoring Plan (WSP 2015b), water samples were collected from the shallow and deep
recovery wells during the weeks of June 26, 2022, and November 20, 2022. As the System was non-operational at the time of
the June 2022 sampling event, the System was temporarily restarted, and all extraction wells were operated for approximately
3 hours prior to recovery well sample collection on June 26. The sampling data is used to assess contaminant mass recovery
at the individual groundwater extraction points in the shallow and deep portions of the aquifer. Groundwater discharge from
each recovery well was collected via sampling ports located in the well head piping. The valve for the sampling port was
opened to deliver a low flow stream of water to fill the sample bottles. Initially, a small amount of water was purged from the
sampling port and collected in a 5-gallon bucket. A groundwater sample was then collected for laboratory analysis of VOCs
by EPA SW-846 Test Method 8260D and 1,4-dioxane using modified EPA SW-846 Test Method 8270E SIM by the ALS
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Environmental laboratory in Middletown, Pennsylvania. The purge water generated from the recovery well sampling was
processed through the System.

SAMPLE RESULTS

The June and November 2022 recovery well analytical results are presented in Table 8, and historical sampling data is
presented in Table 9. Results for the 2022 recovery well samples are included in Figure 5. Figure 4 shows the trends in total
VOC and 1,4-dioxane concentrations for each well and its average pumping rate. During 2022, the total VOC concentrations
have remained generally consistent in most wells except for an elevated June 2022 concentration at RW-2S and a slightly
increasing concentration trend at RW-3S. Levels of 1,4-dioxane consistently decreased in the discharge of RW-1S, RW-3S,
RW-1D, and RW-2D during the 2022 reporting period. Since startup, VOC and 1,4-dioxane concentrations at RW-1S, RW-
2S and RW-2D have decreased, although concentrations at all recovery wells have remained relatively stable since 2018.  As
mentioned above, RW-1S and RW-2S have similar total VOC and 1,4-dioxane concentrations, and therefore similar pumping
rates; RW-3S has significantly lower concentrations of COCs, and therefore a lower pumping rate when operational.
Concentrations of VOCs and 1,4-dioxane between RW-1D and RW-2D are also fairly similar, and therefore the well pumps
are set at similar pumping rates.

2.3 BOILER BLOWDOWN WATER MANAGEMENT
The System includes a small boiler, which is used to generate steam for the onsite regeneration of the treatment resin.
Blowdown water from the boiler is primarily generated during the regeneration of the treatment resin, which occurs three (3)
days per week during normal System operation. Following a measured pH of 10.76 standard units (SU) for the blowdown on
November 3, 2021, exceeding the upper limit (10 SU) in the County Wastewater Discharge Permit, WSP completed a small-
scale pH study of the boiler blowdown water at the request of the County Pre-treatment Program. (The automatic
conductivity-based surface blowdown assembly for the boiler was replaced prior to initiation of the pH study (see Section
2.5.2 below). The boiler blowdown pH study was initiated on March 21, 2022, and completed on April 8, 2022. The study
involved conducting field pH measurements of blowdown water from both the surface (automated) and bottom (manual)
discharge locations using a calibrated field instrument during each regeneration event.

The pH of the blowdown water from the boiler during the study ranged from 10.41 SU to 11.11 SU, with an average pH of
10.81 SU. Based on the study results, the County Pre-treatment Program denied EMERSUB 16’s request for a variance to the
upper pH limit in the Wastewater Discharge Permit in a May 23, 2022, email to WSP. Based on this regulatory
determination, WSP temporarily shut down the operation of the System on April 29, 2022, until implementation of an
alternate method for managing the boiler blowdown water. The System remained nonoperational until August 8, 2022, when
modifications to the System for interim management of the boiler blowdown discharge were completed. These modifications
involved rerouting the blowdown water to an onsite frac tank for subsequent pH adjustment with hydrochloric acid and
discharge of the neutralized water to the sanitary sewer system in accordance with the County Wastewater Discharge Permit.
There were a few short-term (1 to 5-day) shutdowns in August during the start-up of the System modifications for managing
the boiler blowdown water.

The long-term approach for management of the boiler blowdown discharge will involve the routing of this water to the flow
EQ tank and treatment through the System. For implementation of this permanent solution, Addendum #2 to the NPDES
Permit renewal application was submitted to MDE on August 5, 2022. This addendum and additional supporting
documentation provide information for the planned addition of the boiler blowdown to the process water flow and routing of
the combined water through the System with eventual discharge to Stony Run.

2.4 RECOVERY WELL ASSESSMENT AND REHABILITATION
On March 7, 2022, the System OM&M operator discovered there was no water discharge from shallow recovery well RW-1S
even though the System controls indicated the submersible pump was running. When the pump and water conveyance line
were removed from the well on March 16th, reddish-colored deposits indicative of iron-containing minerals/precipitates were
noted at the water intake screen and other parts of the pump housing. The observed condition of the pump suggested the
possible occurrence of iron fouling within this recovery well, which can occur during the normal operation of wells used for
groundwater extraction. Due to significant iron build-up within the pump internals, the submersible pump was replaced on
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April 14, 2022. Additionally, WSP developed a plan to assess all groundwater recovery wells for possible iron fouling or
other impacts that could affect their performance.

WSP retained Parratt-Wolff, Inc. to assist with the recovery well assessment and rehabilitation. Yield testing of each of the
System recovery wells was conducted June 28-29, 2022, to gather updated information on the specific capacity, or well
discharge per foot of drawdown. Based on comparison to their initial (2016) condition, the testing indicated a significant
(greater than 50%) reduction in specific capacity of each of the shallow recovery wells (Table 10). There was no reduction in
the specific capacity of the deep recovery wells. After completing the yield testing activities, the submersible pumps and
connected water conveyance hoses and pressure transducers were removed from each of the recovery wells in advance of
further assessment and rehabilitation activities.

A down-well camera survey was conducted at each recovery well to assess the condition of the well casing and screen. Real-
time camera output for the shallow recovery wells indicated the existence of biological build-up on the well screens and
apparent iron-containing solids at the bottom of each well. The presence of similar deposits was much less severe in the deep
recovery wells, with some minor biological build-up on the screens. The camera surveys also revealed the remnants of
galvanized steel cable in some of the wells, which appeared to be undergoing chemical degradation inside the well casing.
Galvanized steel cable was used to secure the submersible pump in each recovery well during the System installation
activities in early 2017. The corroded cables in shallow recovery wells RW-1S and RW-2S were removed prior to conducting
well rehabilitation activities.

Chemical rehabilitation of the shallow recovery wells to address the biofouling impacts and redevelopment of all recovery
wells was completed during early July 2022. First, air lifting, which involves injecting compressed air to ‘lift” water out of a
well, was used to remove the solids from the well casing and sand pack at each recovery well. Following air lifting, chemical
treatment to break down the biofouling deposits in the well casing and screen was applied at each of the three shallow
recovery wells. The chemical products selected for the rehabilitation consisted of a bio-dispersant (Nu-Well 310 Dispersant)
combined with a liquid acid (Nu-Well 120 Descale Safe), both of which are manufactured by Johnson Screens and suitable
for use on potable water wells. Based on the length of the water column determined from the well construction information
and water level measurements during the recent yield testing, approximately 2 gallons of the Nu-Well 120 Descale Safe and 1
gallon of the Nu-Well 310 Dispersant were carefully added to each shallow recovery well and allowed to remain in each well
overnight. After the treatment period, each of the shallow wells was redeveloped by surging for a minimum of 1 hour using a
suitably sized surge block attached to drill rig tooling. A surge block was selected for the shallow recovery wells as they
required additional development and removal of solids around the well screen and surrounding sand filter pack to improve
yield.  The deep recovery wells showed minimal fouling; thus, a wire brush was selected for removal of the solid material
from the screen.  While a wire brush attached to the drill rig tooling was used for surging the screen in RW-1D, a surge block
was used instead of a wire brush for RW-2D because the brush was getting caught in the well casing. A second round of air
lifting was completed at each recovery well following the surging or wire-brushing activities. During this round of air lifting,
the pH of the shallow recovery well purge water was monitored to ensure the removal of all water containing the acid-based
treatment chemicals. The surging and brushing activities also allowed for the removal of the corroded security cable from
recovery wells RW-3S and RW-1D. However, the removal of all remnants of the security cable from RW-2D was not
feasible due to the same down-well obstruction that prevented use of the wire brush during the surging phase.

During the inspection and rehabilitation activities, the OM&M contractor performed cleaning of the pumps and associated
water conveyance lines and pressure transducers in all recovery wells to remove accumulated iron and biological deposits.
The cleaning procedure involved scrubbing the outside of the components with cleaning solution followed by a potable/tap
water rinse prior to redeployment in the recovery wells.

After completing the rehabilitation activities, another round of yield tests was conducted for the shallow recovery wells to
determine the degree of improvement. The test results indicated a significant increase in specific capacity at wells RW-1S
and RW-2S, with values consistent with data from the baseline tests conducted following the installation of the wells in the
fall of 2016 (Table 10). Yield test results for RW-3S did not show any noticeable improvement in the post-rehabilitation
specific capacity.  WSP’s belief is that the reduced performance of RW-3S is due to clogging of the sand filter pack and/or
borehole wall by clayey sediments. WSP plans to conduct further testing and evaluation of this well to identify and attempt to
ameliorate the cause of the reduced specific capacity.
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2.5 SYSTEM MAINTENANCE

2.5.1 ROUTINE MAINTENANCE ACTIVITIES

During the 2022 reporting period, WSP subcontracted the weekly OM&M of the System to a local contractor, S&S
Technologies, Inc. of Elkton, Maryland. Subcontractor oversight was provided by WSP engineer Ms. Shannon Burke,
working under the direction of Mr. Steve Kretschman, P.E., the engineer of record for the System. OM&M activities were
conducted in accordance with the current version of the OM&M Manual, dated May 2018.

Routine OM&M activities performed during the reporting period included the following weekly tasks:

— regeneration of the resin
— replacement of bag filters
— cleaning of the resin vessel wye strainers
— cleaning and recalibration of the inline pH probe
— recording instrumentation readings (flow, pressure, temperature)
— system-wide leak inspections
— steam boiler system inspections and testing
Several System components require routine replacement every few years. The following routine replacements were
completed during 2022:
— replacement of the air compressor on March 9, 2022 (previously replaced March 2019)
— replacement of the compressed air filter/regulator on October 21, 2022 (previously replaced June 2021)
In conjunction with the inspection and testing of the boiler system, a local water treatment contractor (Chem-Aqua, Inc.)
completed monthly checks of the boiler water chemistry. Quarterly mechanical inspections and maintenance of the steam
boiler components were also performed by another local contractor (Tate Engineering Systems, Inc.).
In addition to the routine tasks, annual OM&M activities were performed on May 25, 2022, and included the following:
— cleaning and inspection of well vaults and piping tee-boxes
— system-wide manual exercising of ball valves
— system-wide wye strainer removal and cleaning

Based on the annual inspection findings, it was determined there are no leaks for any of the System components and cleaning
of the inside of the flow EQ tank was not necessary. The EQ tank will be opened for inspection during 2023.

2.5.2 NON-ROUTINE MAINTENANCE ACTIVITIES

CAUSTIC PUMP MOTOR

On February 2, 2022, the System operator discovered lubricant leaking from the caustic pump motor shaft seal. The operator
temporarily shut down System flow to enable replacement of the damaged caustic pump motor with the motor from the spare
sequestrant pump, which had been used for only a few months during the initial System start-up in 2017. The sequestrant
pump is the same model as the caustic pump, so the parts are interchangeable. The damaged caustic pump motor will either
be serviced, or a replacement motor will be ordered to be kept onsite as a spare to prevent potential future downtime.

CONDUCTIVITY-BASED BOILER BLOWDOWN ASSEMBLY

Historical conductivity measurements of water sampled from the boiler were consistently above the recommended
conductivity operating range. It was determined that the reason for the elevated conductivity was a poorly placed
conductivity sensor and inadequately sized blowdown piping. Based on these observations, it was determined that
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replacement of the conductivity-based automatic surface blowdown assembly for the boiler was necessary to ensure optimal
boiler function. As there is some correlation between the boiler blowdown conductivity and pH, replacement of the assembly
was completed prior to initiation of the blowdown pH study described in Section 2.3. The installation, testing, and start-up of
the new blowdown assembly was completed on March 18, 2022.

PH ADJUSTMENT SYSTEM

On September 16, 2022, the System operator noted malfunctioning of the System in-line pH probe that controls operation of
the caustic pump for pH adjustment, with the probe transmitting erratic pH readings (Section 2.1). The lead time for a new
unit of the original probe was estimated at 12-14 months. Based on this unusually long lead time, an alternate model pH
probe used by WSP at a similar site was identified as a replacement. Installation of the new pH probe model also necessitated
installation of a new corresponding transmitter. The new pH probe and transmitter were installed on September 21, 2022. The
new model represents a significantly improved design with quick-connect fittings for ease of probe sensor maintenance and
replacement.

2.6 WASTE MANAGEMENT

2.6.1 ROUTINE MAINTENANCE ACTIVITIES

Bag filters for the removal of suspended solids from the System influent were regularly changed out with new bag filters. The
frequency of bag filter replacement increased from monthly to weekly in late 2020. Following rehabilitation of the recovery
wells during summer 2022, the frequency of bag filter replacement has decreased to monthly or semimonthly. Spent bag
filters were managed offsite as non-hazardous waste (general trash). Disposable materials from the groundwater and System
sampling activities (e.g., gloves) were also managed offsite as non-hazardous waste. Remedial activities at the Site are
conducted by EMERSUB 16 as a very small quantity generator (VSQG) of hazardous waste, per EPA classification, and a
small quantity generator (SQG) of hazardous waste, per MDE classification.  No hazardous waste was generated at the Site
during 2022.

2.6.2 RECOVERY WELL REHABILITATION

Water generated from the initial air lifting of the shallow and deep recovery wells during the rehabilitation activities was
pumped through a bag filter and into the flow EQ tank for treatment through the System. Redevelopment water generated
from air lifting the shallow wells after the chemical addition and surging was neutralized using soda ash and placed in twelve
(12) 55-gallon steel drums for subsequent characterization and management at an offsite disposal facility. A representative
sample of this wastewater was collected and submitted to the ALS Environmental laboratory in Middletown, Pennsylvania
for analysis of Total Resource Conservation and Recovery Act (RCRA) metals using EPA SW-846 Test Method 6010D for
arsenic, barium, cadmium, chromium. lead, selenium, and silver, and Method 7470A for mercury. In addition, WSP
measured the pH of the wastewater using a calibrated field meter at the time of sample collection. The wastewater was
profiled and disposed offsite as non-hazardous waste in accordance with applicable state and federal regulations. (Documents
pertaining to the offsite disposal of the recovery well rehabilitation purge water are provided in Appendix B.)
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3 GROUNDWATER MONITORING

3.1 GROUNDWATER MONITORING ACTIVITIES
A total of 21 monitoring wells have been installed to collect groundwater levels and groundwater quality samples at the Site
(Figure 6). Details regarding well construction are provided in Table 11. All monitoring wells, along with the co-located
piezometers for the recovery wells, were utilized in the groundwater level monitoring program. Groundwater samples were
collected from select monitoring wells as part of the monitoring program for the corrective measures.

3.1.1 REPLACEMENT OF MONITORING WELL MW-04

INSTALLATION OF REPLACEMENT WELL MW-04R

Site owner Catalent has prepared a design for a multi-level parking garage to be constructed in the eastern portion of the Site.
Consequently, shallow monitoring well MW-04 would no longer be usable for future monitoring activities. An agreement
was reached between EMERSUB 16 and Catalent to install a new monitoring well to replace the MW-04 well. This
replacement well, designated MW-04R, would be installed approximately 70 feet northeast of existing well MW-04, and east
of the small stormwater management area, as approved by MDE on August 26, 2022.

Replacement well MW-04R was installed at the approved location during the week of September 12, 2022. The well
borehole was completed at a depth of approximately 40 feet below ground surface using the hollow stem auger drilling
method. Given the difference in elevation, the borehole depth is slightly deeper than the bottom of well MW-04. During
borehole advancement, descriptive information for the aquifer material recovered in the soil core samples, along with
photoionization detector readings and moisture conditions for the material, were recorded by the WSP onsite hydrogeologist.
A boring log of the material descriptions and other field information is provided in Appendix C.

The replacement well was constructed with 10 feet of 2-inch inner diameter, Schedule 40 polyvinyl chloride (PVC) 0.020-
inch machine slotted screen with the appropriate length of PVC riser. A clean sand filter pack was placed in the annular space
from the bottom of the well to 2 feet above the top of the screen. A 2.5-foot-thick bentonite chip seal was then placed above
the sand filter pack. The remaining annular space was backfilled to approximately 1-foot below grade with a bentonite and
cement grout slurry mixture. The top of the well was completed just below the surrounding ground surface and set within a
flush-grade protective steel cover set in a concrete pad. The top of the monitoring well was fitted with a lockable watertight
cap. Well construction information was recorded in the field logbook. An as-built diagram was prepared after completion of
the field activities and is included with the boring log in Appendix C.

The replacement well was developed to remove sediments from the sand pack and aquifer material immediately surrounding
the borehole and ensure effective hydraulic communication between the screened interval and saturated zone. The
development process involved the combined surging of the well screen and pumping of groundwater from the well using a
small, electric submersible pump. Well development documentation, including the development method, time spent on
development, and hydrogeochemical parameters (turbidity, pH, conductivity, and temperature) of the discharge water, were
recorded in the field book. The water level in the well was also periodically checked during pumping to assess changes in the
well condition. Upon completion of the development activities, the well water was generally clear with low turbidity
readings, and the pH and conductivity had stabilized at values similar to groundwater from other onsite wells indicating fresh
groundwater was entering the well.

After completing the well installation activities, the location and elevation of the replacement well were determined by a
Maryland-licensed surveyor. The surveyed elevation for the top of well MW-04R is provided in Table 11.

ABANDONMENT OF WELL MW-04

In conjunction with the replacement well installation, existing well MW-04 was abandoned in accordance with the methods
and procedures specified in the Maryland well construction regulations. Since this well is part of the groundwater monitoring
network for the shallow zone, the previous deployed HydraSleeve sampler was first removed from the well, and then the
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depth to water and well depth were gauged using an electronic water level indicator. After checking the well, the concrete
pad and flush-grade protective cover were removed, and the well casing was cut to approximately 0.5 feet below existing
grade. The well casing was then backfilled using a bentonite-cement grout, emplaced from the bottom to the surface using a
tremie pipe. After plugging the well, the area was backfilled with clean soil and a layer of asphalt patch to match the existing
grade. A completed Water Well Abandonment Sealing Report was prepared for the well and submitted to the MDE in
accordance with the well regulations.

3.1.2 GROUNDWATER LEVELS

In June 2022, groundwater level measurements were collected from all monitoring wells except MW-42, and MW-16D,
which were inaccessible. No groundwater level measurements were collected from the recovery well piezometers because the
System was down during this gauging event.

Synoptic rounds of water level data were collected at two different times during the month of November. Water level
measurements from most of the shallow monitoring wells and recovery well piezometers were collected on November 7,
2022, to assess the water level response to remedial pumping with recovery well RW-3S off-line (see Section 2.1). Later that
month, water level data was collected from all monitoring wells and recovery well piezometers, except MW-16D, which was
inaccessible, on November 20, 2022, as part of the semi-annual groundwater monitoring event at the Site.

The depth to groundwater (to the nearest 0.01 foot) was measured from the reference point on the monitoring well or
piezometer casing using an electronic water level meter. The water level data gathered during the 2022 gauging events are
provided in Table 12.

3.1.3 GROUNDWATER SAMPLES

SAMPLING PLAN

In accordance with the Groundwater Monitoring Plan (WSP 2015b), groundwater quality samples were collected from the
onsite monitoring wells during the week of June 26, and July 15, 2022, for the annual sampling event. The selected
monitoring wells included 13 shallow zone monitoring wells (MW-01, MW-03, MW-04, MW-05R, MW-09, MW-16, MW-
18, MW-20, MW-38R, MW-39, MW-42, MW-43, and MW-44) and 8 deep zone wells (MW-1D, MW-16D, MW-21D, MW-
22D, MW-23D, MW-27D, MW-40D, and MW-41D).

The semiannual groundwater sampling event was conducted on November 20, 2022. The semiannual event included the same
wells as the annual event with the exception that the newly installed replacement monitoring well MW-04R took the place of
MW-04, which was abandoned.

MONITORING WELL SAMPLING PROCEDURE

Groundwater samples were collected from the monitoring wells using HydraSleeve samplers. A single, 2-foot long
HydraSleeve sampler was attached to a weighted nylon line and set in each well to collect a sample in the middle of each well
screen. The nylon line was secured at the well head to ensure the sampler remained at the selected deployment depth. During
the sampling activities, the pre-deployed and equilibrated HydraSleeve sampler was removed from the well, and the collected
water transferred to the appropriate containers for laboratory analysis. After sample collection, any remaining water was used
to measure field parameters (pH, conductivity, turbidity, and temperature) via a multi-parameter water quality meter. Field
parameter data was not obtained if there was insufficient water following sample collection. After collecting the sample from
the well, a new HydraSleeve sampler was then deployed for the next sampling event.  Excess water generated from the
monitoring well sampling activities was containerized and processed through the System. The collected monitoring well
samples were analyzed for VOCs using EPA SW-846 Test Method 8260D 1,4-dioxane using EPA SW-846 Test Method
8270E SIM by the ALS Environmental laboratory in Middletown, Pennsylvania.
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3.2 GROUNDWATER MONITORING RESULTS AND EVALUATION

3.2.1 GROUNDWATER LEVELS

Groundwater level monitoring is conducted to gather data to evaluate the groundwater flow direction and the hydraulic
response to remedial pumping in both the shallow and deeper zones of the LPA. Current and historical monitoring well and
piezometer depth to water measurements and calculated groundwater elevations are provided in Table 12. Water level
contour maps depicting the water table and hydraulic head conditions in the sandy deposits in the shallow zone of the LPA
and the deep zone of the LPA are provided in Figures 6, 7, and 8 for the June 2022 monitoring event, and Figures 9, 10, and
11 for November 2022. As discussed in Section 2.1, the System was manually shut down between April 29 and August 8,
2022, to develop and implement modifications for the management of the high pH boiler blowdown water discharge. This
shut-down period encompasses the June 2022 measurement event where the data are indicative of non-pumping conditions.

GROUNDWATER SURFACE

The water table contour maps (Figures 6 and 9) indicate a generally west-northwest groundwater flow direction in the upper-
most portion of the shallow zone of the LPA during both monitoring events in 2022. The November 2022 contour map
depicts a localized depression in the groundwater surface around well MW-38R related to groundwater pumping from
recovery wells RW-1S and RW-2S immediately to the east. This hydraulic sink is not present in the June 2022 data when the
System was not operating for most of late spring and summer. A slight mounding effect is observed in both sets of data
around MW-04 and MW-09, most likely reflecting enhanced recharge to the groundwater system associated with the
stormwater management area in the east-central portion of the Site.

LOWER PORTION OF SHALLOW ZONE

In June 2022, higher groundwater elevations were limited to the pumping wells as compared to levels under remedial
pumping conditions in November 2022 due to the lack of groundwater withdrawals from the aquifer.  However, water levels
in wells outside of the cone of depression were higher in November, indicating an increase in the overall static water table
between the two monitoring events. The cessation of remedial pumping in late April through early August 2022 resulted in
the disappearance of the pronounced head changes, or cone of depression, typically observed within the permeable sand
deposits comprising the lower portion of the shallow zone in the eastern portion of the Site (Figure 7). In the absence of
remedial pumping, groundwater flowed in a generally northwestward direction toward Stony Run. However, a slightly higher
water level elevation at well MW-16 suggested the movement of groundwater in a more northerly direction in the southeast
portion of the Site. This flow direction may have reflected a transient condition within the shallow zone of the aquifer
associated with recent construction activities in this area of the Site.

In contrast to the June 2022 results, pronounced drawdown was observed in the vicinity of the shallow recovery wells during
the November 2022 monitoring event (Figure 10). In this area, a well-developed cone of depression exists near RW-2S and
extends to the north toward wells MW-39 and MW-43, and south towards MW-44. Based on the spatial head variations,
groundwater in the upper portion of the shallow zone will tend to migrate downward through the clayey deposits in the
western portion of the Site and serve as inflow to the shallow recovery well system.

DEEPER ZONE

The potentiometric surface contour maps for the deep zone of the LPA generated from the June and November 2022 water
level data are provided in Figures 8 and 11, respectively.

Figure 8 depicts the potentiometric surface based on the June 2022 water level measurements at the onsite deep wells and
offsite wells MW-24D on the William-Scotsman property to the south and MW-46D on the Verizon property to the north.
As with the shallow zone, the June 2022 data reflect the recovery of the hydraulic heads to a non-pumping condition
following shutdown of the System at the end of April 2022. The hydraulic head contours generated from the data demonstrate
south to south-southeast flow pathways for groundwater in this deep zone. The southward groundwater flow direction is
consistent with other potentiometric surface contour maps developed from water level data collected under non-remedial
pumping conditions.
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The head distribution from November 2022 indicates the southward movement of groundwater across the Site, with the
development of an elongated depression in the potentiometric surface along the entire southern property boundary in
response to groundwater withdrawals from the deep recovery wells (Figure 11). The eastern-most portion of this hydraulic
sink, as depicted by the head contours, indicates greater drawdown in the area around recovery well RW-2D, which is
consistent with potentiometric surface maps from previous monitoring rounds. Evaluation of the head distribution indicates
drawdown of the potentiometric surface extending south onto the adjoining Williams Scotsman property towards monitoring
well MW-24D. Additionally, comparison of the groundwater elevations in monitoring wells MW-01D, MW-21D, and MW-
41D indicate an upward component of flow from the lower-most portion of the sand deposits comprising this zone toward the
depth interval screened by the recovery wells. Monitoring well MW-41D, which is screened in the lower-most portion of the
deep zone, has a higher groundwater elevation compared to wells MW-01D and MW-21D. This indicates an upward
component of groundwater flow from the lower portion of the confined sand unit to MW-01D and MW-21D, which are
located next to recovery wells RW-2D and RW-1D, respectively.

TEMPORAL CHANGES IN GROUNDWATER LEVELS

Figures 12 and 13 depict hydrographs of select monitoring wells located outside of the interpolated cone of depression in the
shallow unconfined zone and the deeper confined zone of the LPA, respectively. Hydrographs from the shallow zone
distinguish themselves as several distinct hydrostatic levels: a shallow grouping comprised of upgradient wells MW-01, MW-
09, and MW-20, with average heads ranging between approximately 113 and 116 feet above mean sea level (amsl); an
intermediate grouping of wells closer to the center of the Site (MW-16 and MW-44) with heads between approximately 110
and 112 feet amsl; and a deeper grouping located downgradient (MW-03 and MW-42) with water levels ranging between
approximately 106 and 108 feet amsl. The water level collected from MW-20 on June 26, 2022, is an outlier and potential
transcription error and was omitted from the June 2022 elevation contouring (Figure 6).

The highest heads are primarily measured in upgradient wells screened in the shallowest portion of the LPA, such as MW-01,
MW-04/04R, MW-09 and upgradient wells in the lower shallow portion of the LPA such as MW-16 and MW-20. The
hydrographs from these wells do not show signs of a pumping influence as would be evidenced by rapid drawdown at the
onset of System startup, or significant recovery during System downtime.

Hydrographs from the deep confined portion of the LPA show groundwater elevations distributed between a minimum of
approximately 82 feet amsl and maximum of approximately 90 feet amsl (Figure 13). Generally, the average elevation of
each hydrograph declines with distance from north to south along the direction of the interpreted hydraulic gradient. MW-
27D and MW-23D, both upgradient, consistently show the highest groundwater elevations in the deep portion of the LPA,
while progressively lower elevations are observed downgradient at MW-16D (mid-Site), MW-40D (southwest corner of the
Site), and MW-22D (southeast corner of the Site).

3.2.2 GROUNDWATER QUALITY

OVERVIEW

Groundwater sample collection from the monitoring wells is conducted to monitor the VOC and 1,4-dioxane concentrations
in the LPA underlying the Site. The analytical results for the 2022 monitoring events are presented in Table 13. The certified
laboratory analytical reports for the 2022 samples are included in Appendix D. Historical analytical results for selected Site-
specific constituents are presented in Table 14.

Concentrations for the primary COCs detected in samples from the shallow and deep monitoring wells are provided in
Figures 14 and 15, respectively. Iso-concentration maps for select VOCs and 1,4-dioxane were prepared using the analytical
data from the November 2022 monitoring event and are presented in Figures 16, 17, and 18 (shallow zone of the LPA) and
Figures 19 and 20 (deep zone of the LPA). Contours were generated using the Kriging algorithm to interpolate the
logarithmic transform of the VOC sampling results and adjusted by hand to correct boundary effects.  The shallow zone iso-
concentrations maps were developed using data from monitoring wells screened at depths of less than 45 feet because this is
the primary interval for contaminant transport in the shallow zone at the Site. Therefore, data from monitoring wells MW-18,
MW-20, and MW-39 were not included in the shallow zone iso-concentration maps based on their well screen depths.
Monitoring wells MW-5R and MW-38R were also not included in the shallow zone iso-concentration maps because these
wells are screened in a clay unit that is not representative of the primary interval of contaminant transport. In addition to the
onsite wells, results from offsite monitoring wells MW-24D, MW-45, and MW-46D are presented on the iso-concentration
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maps to help provide context with regards to the extent of the affected groundwater6. The lowest iso-concentration contour
values were based on the applicable Cleanup Standards. For 1,4-dioxane the lowest contour is 4.8 µg/L, which corresponds to
the MDE risk-based action level. The onsite Cleanup Standard of 15 µg/L, as set forth in the RAP, is shown as an
intermediate (dashed in the drawing) contour. Although the recovery well data was not directly used to create the iso-
concentration contours, these results were used to check and, if deemed appropriate, adjust the contour lines based on the
zone of inflow for each recovery well.

SHALLOW ZONE OF LOWER PATAPSCO AQUIFER

As described in Section 3.2.1, groundwater flows in a generally northwestward direction in the shallow zone of the LPA
beneath the former Kop-Flex property. For this portion of the aquifer, the highest concentrations of VOCs and 1,4-dioxane
were detected in monitoring well MW-16 situated hydraulically upgradient of the shallow recovery wells (Figures 16, 17, and
18). Additional exceedances of the Cleanup Standards were found in eastern (upgradient) monitoring wells MW-04R (1,1-
DCE, 1,1-DCA, and 1,4-dioxane) and MW-09 (1,1-DCE). Data for the western (downgradient) monitoring wells indicate
1,1-DCE at a level above the Cleanup Standard in samples from well MW-43.

The concentrations of 1,1-DCA, 1,1-DCE, and 1,4-dioxane exhibit generally similar distributions within the shallow water-
bearing zone, with the respective plumes extending from east to west underneath the loading dock area and buildings toward
the recovery wells (Figure 16, 17, and 18). Based on the interpolation method used to develop the iso-concentration contours,
the inferred plume areas underlie most of the footprint of Catalent Building 2. In comparison, the computer-aid contours
indicate the 1,1-DCE and 1,4-dioxane plumes only occur below the southern portion of Catalent Building 1, with the
boundary for the 1,1-DCA plume extending along the south wall of the building. The upgradient portion of the plume extends
a short distance onto the Williams-Scotsman property. Historically, concentrations below the Cleanup Standards have been
found to the east of the Site (MW-45), and along the southern (MW-01), and western (MW-03 and MW-42) Site boundaries,
thereby largely defining the extent of the affected groundwater.

DEEP ZONE OF LOWER PATAPSCO AQUIFER

Groundwater in the deep zone of the LPA flows in a southward direction across the former Kop-Flex property (see Section
3.1.2). Given the general flow paths in this portion of the aquifer, monitoring wells located upgradient of the deep recovery
wells (i.e., MW-16D and MW-23D) had the highest VOC and 1,4-dioxane concentrations above the Cleanup Standards
(Table 13, Figure 15). However, it should be noted that the concentrations of these constituents in samples from MW-24D on
the adjoining Williams-Scotsman property had noticeably higher levels than those detected in any of the onsite wells.

Additional exceedances above the Cleanup Standards were detected in samples from monitoring wells MW-01D for 1,1-DCE
and 1,1-DCA and MW-21D for 1,1-DCE during both 2022 sampling events (Table 13, Figure 15). For well MW-22D located
in the southeastern portion of the Site, the concentration of 1,1-DCE exceeded the Cleanup Standard in the June 2022 sample.
However, this well did not have any contaminants exceeding the Cleanup Standards during the November 2022 sampling
event. The MW-22D results are consistent with an overall decreasing trend that has become near-asymptotic during the past
four years, where concentrations of 1,4-dioxane have reached levels below the onsite Cleanup Standard of 15 µg/L and 1,1-
DCE concentrations are near the Cleanup Standard of 7 µg/L. Monitoring well MW-41D is the deepest well in the deep zone
of the LPA onsite and helps define the lower boundary of the onsite plumes. During the 2022 sampling events, the sample
from MW-41D had no detections of CVOCs and only trace to very low concentrations of 1,4-dioxane were present in the
samples.

Figures 19 and 20 provide the November 2022 iso-concentration maps for 1,1-DCE and 1,4-dioxane in the deep zone of the
LPA. The iso-concentration maps show groundwater concentrations above the Cleanup Standards across the entire eastern
portion of the Site and eventually offsite. The width of the COC-affected groundwater is defined by the sample results below
their respective standards at well MW-22D to the east and wells MW-27D and MW-40D to the west. Evaluation of the
sampling data indicates the highest concentrations of these COCs occur within localized, elongated areas underneath Catalent
Building 1.

6 The results from these offsite wells are described in more detail in Quarterly Status Report No. 25 to MDE and EPA, dated March 8,
2023.
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HISTORICAL TRENDS IN COC CONCENTRATIONS

Figures 21 and 22 include plots of 1,1-DCA, 1,1-DCE, and 1,4-dioxane concentrations from late 2016 (pre-System start-up)
through 2022 for wells screened in the shallow zone and the deep zone of the LPA, respectively. Plots were only generated
for wells where concentrations of one or more of these compounds regularly exceed the Cleanup Standards.

In the shallow zone, several trends are apparent. At upgradient wells MW-04, MW-16, and to a lesser extent MW-09, a steep
decline in 1,1-DCE concentrations occurred following System startup (Figure 21). Similar declines in 1,4-dioxane are
apparent in the MW-04 and MW-09 samples, and 1,1-DCA also decreased during the initial months of System operation at
MW-04. Rapid initial declines were followed by relatively steady concentrations of all three compounds throughout the
remaining sampling history. At MW-43 located north of the recovery wells, this same initial decline is present followed by a
protracted period of decreasing concentrations along a less steep trend through to the present reporting period. The early
declines in VOC concentrations are possibly indicative of the influence of initial groundwater withdrawals removing
groundwater in equilibrium with the porous matrix. After removal of this early slug of highly affected groundwater, the
current concentrations are limited by the rate of diffusion of VOCs as they desorb from the soil matrix (i.e., as unaffected
groundwater enters the System its concentrations increase at the rate of diffusion).

In contrast, a rapid increase in the concentrations of 1,4-dioxane occurred at MW-38R after System startup, perhaps as a
result of advection of this highly soluble compound into the radius of influence. This assessment is further evidenced by
relatively steady concentrations of this compound through time after System startup, which should only be possible with a
constant source. Concentrations of 1,1-DCA at this well have also remained stable following System startup. The sampling
history of MW-20 indicates relatively steady concentrations of 1,4-dioxane until 2022 when they declined significantly,
whereas 1,1-DCA and 1,1-DCE have remained steady or gradually increased through time. Both wells are predominantly
affected by 1,4-dioxane with lesser concentrations of other COCs.  Neither well exhibits a long-term trend in concentrations
of any of the Site-related compounds.

Three wells screened in the deep zone and positioned closest to the extraction wells, MW-1D, MW-21D, and MW-22D, show
steep declines in concentrations that resemble those in most of the wells in the shallow zone (Figure 22). Concentrations of
1,1-DCA and 1,1-DCE decreased rapidly in these three wells after System startup as did 1,4-dioxane at the MW-1D location
(1,4-dioxane is not present at MW-21D and MW-22D). Thereafter, concentrations of these compounds have remained
relatively constant. Similar to the shallow zone, the concentration trends may be the result of the System removing an initial
slug of groundwater in equilibrium with the aquifer matrix, followed by a period of time where VOC concentrations in
groundwater are limited by the rate of diffusion. Correspondingly, rebound was observed due to System shutdown during the
first half of 2022, when the concentrations of 1,1-DCE increased slightly in MW-21D and MW-22D.

Farther upgradient, MW-16D has shown a consistent and steady decline in 1,1-DCA and 1,1-DCE concentrations throughout
its sampling history, whereas 1,4-dioxane concentrations in this well have remained stable. Well MW-23D, which is the
farthest deep zone monitoring well from the extraction wells, does not exhibit appreciable trends in any of these three
compounds, except a possible gradual decline in 1,4-dioxane.

Overall, the concentration vs. time plots indicate that System operation has resulted in a decline in the CVOCs and 1,4-
dioxane levels in both the shallow and deep zones of the LPA at the Site. Concentration declines in monitoring well locations
near the perimeter of the affected groundwater plume (i.e., MW-04/04R, MW-09, and MW-16D) suggest that the extent of
inflow or capture has increased through time as pumping progressed. This interpretation of the concentration vs. time plots
supports other existing lines of evidence that the System imparts an effective area of hydraulic capture within the areas of
VOC-affected groundwater at the Site (see Figures 10 and 11 for the estimated capture areas).
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4 CONCLUSIONS

4.1 ASSESSMENT OF SYSTEM OPERATION AND CLEANUP
PROGRESS

Analysis of treated effluent samples during 2022 indicate the System is completely removing VOCs and approximately
98.6% of the 1,4-dioxane from the extracted groundwater. All System effluent samples collected in accordance with the
NPDES Permit since System start-up in 2017 have been non-detect for VOCs, except for a single event in June 2019 (1,1,1-
TCA at 3.4 µg/L). The June 2019 effluent sample was also one of only two effluent samples since System start-up that have
contained a 1,4-dioxane concentration above the Site-specific cleanup level of 15 µg/L (37 µg/L in June 2019 and 43 µg/L in
November 2020). There were no exceedances of the effluent limits specified in the NPDES Permit or the Site-specific 1,4-
dioxane cleanup level during the 2022 operational period. Samples of the treated water will continue to be collected and
analyzed pursuant to the monitoring requirements specified in the Permit.

System runtime during 2020-2022 (62-77%) has been significantly reduced as compared to 2017-2019 (91-94%). Runtime in
recent years reflects multiple extended System shutdowns, both scheduled and unplanned. There have been several
shutdowns related to the malfunctioning and later replacement of aging System equipment and instruments. During both
2020 and 2021, there was an extended, planned shutdown to perform onsite ex-situ cleaning of the resin to maintain System
treatment capacity. During 2022, there was an extended System shutdown related to implementation of an alternate method
for managing the boiler blowdown water. Spare parts for regularly replaced System components are kept onsite to prevent
unanticipated extended downtime of the System in the future.

During 2023, WSP will complete an evaluation of the impact of RW-3S operation on the overall performance of the shallow
recovery well system. This will involve evaluating the hydraulic response due to pumping from wells RW-1S and RW-2S
and assessing the contaminant mass recovery from RW-3S.

Since the start-up of the hydraulic containment system in March 2017, the observed declines in the concentrations of 1,1-
DCA, 1,1-DCE, and 1,4-dioxane in shallow monitoring wells, specifically MW-04/04R, MW-16, and MW-43, indicate that
the shallow recovery wells are capturing the contaminant plume within the shallow zone of the LPA both within and
downgradient of the source areas (see Figures 21 and 22). The effective containment of the plume is also indicated by the
well-developed cone of depression centered around the shallow recovery wells in the western portion of the Site (see Figures
10 and 11) and groundwater quality results at or below the Cleanup Standards at wells located near the Site boundary (see
Figures 17 and 18). The shallow zone groundwater beneath Catalent Building 2 still contains 1,1-DCE, 1,1-DCA, and 1,4-
dioxane concentrations above their respective Cleanup Standards, although the concentrations have decreased for these
constituents since the initiation of remedial pumping. The following changes in COC concentrations at monitoring well MW-
16 indicate this trend in the groundwater quality:

— 1,1-DCE – decrease from 26,200 µg/L (December 2016) to 4,290 µg/L (November 2022);
— 1,1-DCA – decrease from 6,420 µg/L (December 2016) to 3,290 µg/L (November 2022); and
— 1,4-dioxane – decrease from 1,450 µg/L (December 2016) to 143 µg/L (November 2022)

The exceptions to the temporal changes noted above include monitoring well MW-20 in the eastern portion of the Site, and
wells MW-38R, and MW-44, which lie within the area of influence for the shallow recovery wells. At these well locations,
concentrations have increased for certain COCs after the initiation of remedial pumping, although all three wells show
declines during 2022. The initial increase of COC concentrations at these wells was most likely related to facilitated transport
of dissolved mass in response to pumping from the recovery wells. The COCs present at these well locations are eventually
captured by the hydraulic containment system.

The groundwater inflow area for the deep recovery wells appears to encompass the inferred width of the VOC plume in the
deep zone of the LPA at the Site. This determination is based on the flow paths in response to the hydraulic gradients created
during pumping. The groundwater beneath the eastern portion of the Site contains 1,1-DCE and 1,4-dioxane concentrations
above their respective Cleanup Standards, although the concentrations have decreased for these constituents since the
initiation of remedial pumping. The COC concentrations at monitoring well MW-16D indicate this trend, where between
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December 2016 (baseline sampling event) and November 2022, 1,1-DCE decreased from 254 µg/L to 80 µg/L and 1,4-
dioxane decreased from 202 µg/L to 30 µg/L.

Overall, concentrations of Site contaminants still exceed the Cleanup Standards in some wells in both the shallow and deep
zones of the LPA. However, the data also indicates that remedial pumping has been successful in removing contaminant mass
from the aquifer, thereby making progress toward improving the groundwater quality of the aquifer.

4.2 PLANNED ACTIVITIES FOR 2023
The groundwater monitoring data indicate that the Site is progressing towards attainment of the RAOs and conditions for
issuance of a Certificate of Completion for the groundwater response action, as specified in Section 16.2 of the October 2015
RAP. Groundwater pumping at the recovery wells is achieving effective onsite capture of the plumes in the impacted portions
of the aquifer system, thereby preventing further offsite migration of Site-related contaminants. Based on evaluation of the
groundwater monitoring data, the hydraulic containment system is functioning as designed and in accordance with the
engineering design requirements. Given that concentrations of CVOCs and 1,4-dioxane remain above the Cleanup Standards
in the onsite area, the continued operation of the System is deemed necessary during 2023.

During 2023, WSP plans to complete ex-situ cleaning of the treatment resin with a heated caustic solution as was
implemented in early 2020 and late 2021. Recirculation Technologies, LLC, a vendor specializing in the cleaning and
maintenance of regenerable resins used for water treatment, previously completed the work during 2020 and 2021 and will be
retained for the 2023 cleaning event.

In addition to the monitoring requirements specified in the Permit, samples of the treated effluent water from the System will
continue to be collected and analyzed for TRC as requested by MDE. WSP will continue voluntary testing for TRC until
issuance of the new NPDES permit. Groundwater monitoring will continue to be performed semi-annually to further assess
the hydraulic response to remedial pumping and changes in COC concentrations in the impacted aquifer. As part of the CMI
Five-Year Assessment Report (WSP 2023), WSP recommended reducing the monitoring frequency from semi-annually to
annually for three monitoring wells (MW-05R, MW-18, and MW-40D). The EPA and MDE approved the proposed
modifications to the Site groundwater monitoring program in a May 23, 2023, email communication to EMERSUB 16 and
WSP. The changes to the sampling frequency from these wells will be incorporated into the monitoring activities specified in
the 2015 Groundwater Monitoring Plan (WSP 2015b).
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ACRONYMS
µg/L micrograms per liter

amsl above mean sea level

CMI Corrective Measures Implementation

COC constituent of concern

CVOC chlorinated volatile organic compound

DCA dichloroethane

DCE dichloroethene
EPA United States Environmental Protection Agency

EQ equalization

GPM gallons per minute

lbs. pounds

LPA Lower Patapsco Aquifer

MDE Maryland Department of the Environment

mg/L milligrams per liter

NPDES National Pollutant Discharge Elimination System
OM&M operations, maintenance, and monitoring

PCE tetrachloroethene

PVC polyvinyl chloride

RAO Response Action Objective

RAP Response Action Plan

RCRA Resource Conservation and Recovery Act

SIM Selected Ion Monitoring

SQG small quantity generator
SU standard units

TCA trichloroethane

TCE trichloroethene

TRC total residual chlorine

VFD variable frequency drive
VOC volatile organic compound
VSQG very small quantity generator
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