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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, 2023, through December 31, 2023. 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 property boundary of the Site

— reducing concentrations of COCs in the aquifer system at the Site

— 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 50% during the 2023 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 March 30, 2023, due to the inoperability and subsequent replacement of multiple major System
components. The System remained nonoperational until it was restarted on August 15, 2023, following replacement of
multiple boiler components and the internet router that enables remote System monitoring and control.

Based on the 2023 operational data, the System processed approximately 16.5 million gallons of groundwater extracted from
the four active recovery wells. Since System start up in March 2017 through the end of December 2023, the System has
treated approximately 182 million gallons of water. An estimated 40.6 pounds (Ibs.) of the primary Site-related volatile
organic compounds (VOCs) — 1,1,1-trichloroethane (1,1,1-TCA), 1,1-dichloroethane (1,1-DCA), and 1,1-dichloroethene
(1,1-DCE) and 13.9 Ibs. of 1,4-dioxane were recovered from the aquifer during 2023. The removal efficiency of the resin
media was 99.9% for VOCs and approximately 96.8% for 1,4-dioxane. An estimated total of approximately 705 Ibs. of Site-
related VOCs and 1,4-dioxane have been removed since initiation of corrective measures through the end of the 2023
calendar year.

Analysis of the treated water (i.e., effluent) samples during 2023 indicated non-detect concentrations of VOCs, except for a
single sample collected in October 2023 that contained a low concentration of 1,1-DCE at 1.7 micrograms per liter (ug/L).
1,4-dioxane was present in 2023 effluent samples at non-detect to low levels, with detected concentrations ranging from 2.1
Mg/L to 14.0 pg/L. There were no exceedances of the National Pollutant Discharge Elimination System discharge permit
limits or the Site-specific 1,4-dioxane cleanup level during the reporting period.

The 1,4-dioxane concentrations in the samples collected during 2023 reflected a decrease in the treatment, or adsorptive,
capacity of the resin, a condition that was initially identified in December 2018. The reduction in the resin’s 1,4-dioxane
adsorptive capacity is caused by a buildup of natural organic carbon constituents that are not removed during steam
regeneration of the resin. Ex-situ chemical cleaning of the resin using a heated caustic solution, which is conducted annually
or biennially, was completed during November 2023 to remove the buildup of organic foulants. Effluent System samples
collected after the resin cleaning (November and December 2023) contained 1,4-dioxane at non-detectable levels,
demonstrating the success of cleaning to maintain resin treatment capacity.

Since the System was shut down during the spring (May) 2023 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 in
the shallow zone of the Lower Patapsco Aquifer (LPA) flows to the west and northwest. 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 onsite. 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.

2023 Operations, Maintenance, and Monitoring Report — Hydraulic Containment and Treatment System WSP
Project No. 31405608.010 August 15, 2024
EMERSUB 16, LLC Page 1



When the System was operational in December 2023, 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 over a localized area downgradient of the identified contaminant sources. Along the
same lines, groundwater quality data gathered in 2023 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 2023 groundwater monitoring data indicates that the RAOs listed above are being achieved. The operation of the
System is deemed necessary during 2024 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 2023 reporting
period (January 1, 2023, through December 31, 2023) as part of the groundwater 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 basis®. The annual OM&M Report for calendar
year 2022 was submitted to the EPA and MDE in July 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 beneath the facility 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-TCA and its degradation products 1,1-DCA and (1,1-DCE; and other chlorinated ethenes including cis-1,2-
dichloroethene (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 V1.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 (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 flow of water through
the treatment components, bag filters for suspended solids removal, synthetic resin (AMBERSORB™ 560) for the removal

! 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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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 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 continuous, full-scale operation
of the System began 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. Steam condensate produced during the regeneration process and
boiler blowdown water are routed to the flow EQ tank and combined with influent groundwater for treatment through the
System. Softened water used to quench (cool) and rinse the regenerated resin is also pumped 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 human health and the environment, the goals for the corrective
measures are focused on controlling and mitigating the groundwater contaminants 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) — 1,1,1-TCA, 1,1-DCA, 1,1 -DCE,
chloroethane TCE, cis-1,2-DCE, and 1,4-dioxance - exceeding applicable human health criteria beyond the property
boundary of the Site

— reducing concentrations of COCs in the aquifer system at the Site

— 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/11 Aquifers, except as noted for 1,4-dioxane, and are listed in the table on the following page.
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 (pug/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 pg/L.
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Groundwater Cleanup Standards
Compound Cleanup Standard (pg/L)
1,1,1-TCA 200
1,1-DCA 2.8
1,1-DCE 7
1,2-DCA 5
Chloroethane 2,100°
TCE 5
cis-1,2-DCE 70
1,4-Dioxane 15

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.
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2 SYSTEM OPERATION AND

PERFORMANCE MONITORING

2.1 SYSTEM RUNTIME AND DOWNTIME

During the reporting period from January 1, 2023, through December 31, 2023, the System operated approximately 50% 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 unplanned events and System
maintenance occurred as described below.

Between January 21 and January 23, 2023, the recorded System effluent flow was significantly reduced. Multiple
uncommon System alarms, which were believed to be caused by electrical outages, were activated during the evening of
January 20-21, causing disruptions in System operation. The System automatically shut down on January 22, 2023, due
to an effluent pH alarm. On Monday, January 23, 2023, the System operator resumed regeneration of the System resin,
which had been interrupted by a steam superheater fault on January 20™. The System was restarted later in the day on
January 23", following completion of the regeneration.

On March 30, 2023, the System was shut down due to a steam boiler maintenance event. A water leak was detected on
the boiler and an inspection by WSP’s boiler mechanical maintenance subcontractor, Tate Engineering Systems, Inc.
(Tate), identified the source of the leak as a ruptured boiler fire tube. Replacement of the boiler fire tube was completed
by Tate in mid-April 2023. Around the time the boiler maintenance activities were being completed, it was discovered
the internet router provided by WSP’s internet services provider (ISP) — VVerizon — was not functioning. Since the
internet router allows for remote access to the System programming and operation, WSP, in consultation with
EMERSUB 16, decided the System should remain shut down until a new internet router could be installed. WSP retained
Emerging Compound Treatment Technologies, Inc. (ECT2), the environmental engineering firm that designed the resin
treatment process being used at the Site, to identify, obtain, and program a suitable replacement router. The selected
device replaced both the ISP router as well as the virtual private network (VPN) router, which allowed for the remote
download of System operational data. (The VPN router stopped working in 2022.) In late July 2023, while
troubleshooting the new ISP/VVPN device, it became apparent that there were other issues with the operation of the steam
boiler. Specifically, the blower motor for the boiler had sustained water damage following the fire tube rupture and
needed replacement; and the steam header valve was also damaged and required replacement. Both boiler components
were replaced by Tate in early August 2023. After completing the additional boiler repairs, the ISP/VVPN device was
successfully installed, and set-up and the System was restarted on August 15, 2023.

During the latter part of August and September 2023, there were multiple System shutdowns due to recurrences of the
building sump high level alarm. During most of 2023, the boiler blowdown water was discharged to the building sump
and then pumped to an onsite frac tank for subsequent management. The boiler blowdown rate was elevated for a few
weeks following System restart on August 15, 2023, due to the prolonged idle period. The higher-than-normal blowdown
generation rate exceeded the rate of the sump pump to transfer the water to the frac tank, thereby causing the high-level
alarm shutdown. The blowdown generation rate decreased after this initial period to below the sump pump’s rate of
transfer.

On October 7, 2023, the System automatically shut down due to the inoperability of the air compressor that supplies
compressed air to pneumatically operate (open and close) the automated System process valves. The air compressor was
replaced, and the System was restarted on October 13, 2023.

From November 1 through November 10, 2023, there was a scheduled System shutdown to clean the specialty resin used
to treat extracted groundwater, as described in Section 2.4 below.

The prolonged (4.5+ month) shut-down period to replace various major System components between the end of March 2023
and mid-August 2023 was the primary cause for the reduced System run-time efficiency during the 2023 calendar year.

During 2022, temporary modifications were made to the System to allow for the management of the boiler blowdown
discharge in accordance with the operational permits for the System. These modifications involved routing the blowdown
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water to an onsite frac tank for pH adjustment and discharge of the neutralized water to the sanitary sewer system. During
2023, there were a few brief (<24 hours) System shutdown periods to allow for the discharge of the boiler blowdown water
from the frac tank to the sewer. Under the renewed NPDES Permit, effective November 1, 2023, the boiler blowdown water
is now routed to the System EQ tank for treatment with extracted groundwater.

On September 1, 2023, the water level pressure transducer deployed in well RW-1D, which controls the operation of the
variable frequency drive (VFD) for the RW-1D submersible pump, started to unexpectedly cause the RW-1D pump to cycle
off and on. (For each recovery well, the transducer needs to be functioning to enable the submersible pump to operate.) The
RW-2D transducer stopped working entirely on September 9, 2023, causing the RW-2D pump to cease operation. The RW-
2D transducer was replaced on September 29, 2023, which enabled the resumption of pumping from well RW-2D. The RW-
1D transducer was replaced on November 24, 2023, to ensure normal, continuous pumping from well RW-1D. Spare
pressure transducers for both the shallow and deep recovery wells are kept onsite to limit potential future downtime of the
recovery well pumps.

When fully operational, the groundwater withdrawal rate for the System ranged from approximately 61 gallons per minute
(GPM) to 69 GPM, with an average rate of 64 GPM during the reporting period.* (Detailed information on the groundwater
extraction rates for the shallow and deep recovery wells is provided in Section 2.2.3.) The design flow rate for the System
was approximately 80 GPM (WSP 2015a). Based on the System effluent totalizer, approximately 16.5 million gallons of
groundwater was treated and discharged to Stony Run from January 1, 2023, through December 31, 2023.

There has been no groundwater extraction from RW-3S since September 2022 due to a noticeable reduction in this well’s
performance and decrease in the well’s specific capacity or yield per foot of drawdown. During 2023, WSP completed onsite
investigation activities to evaluate (1) the hydraulic response due to pumping from the remaining shallow recovery wells —
RW-1S and RW-2S — and (2) the contaminant mass recovery from RW-3S to assess this well’s contribution to the overall
performance of the shallow recovery well system (Section 2.3). During 2024, WSP will complete the evaluation of the data
from the recently conducted testing activities on RW-3S to assess next steps regarding the well status and possible
completion of additional rehabilitation activities to improve well performance.

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). The quarterly total COC
concentrations (total VOCs + 1,4-dioxane) for the System influent were generally consistent during the reporting period, with
the highest System influent concentration (427 pg/L) detected in the sample collected during October 2023, and the lowest
concentration (392 pg/L) detected in the sample collected during January 2023 (Figure 2). Since 2021, the concentrations of
total COCs appear to have generally stabilized in the System influent. The stabilized total VOC and 1,4-dioxane
concentrations are anticipated into the future with continued operation of the System. Analysis of the treated water (i.e.,
effluent) indicated non-detect concentrations of VOCs, except for a single sample collected in October 2023 that contained a
very low concentration of 1,1-DCE at 1.7 ug/L (Table 2). The data for 1,4-dioxane in the 2023 effluent samples indicated
non-detect to low levels for this compound, with detected concentrations ranging from 2.1 pg/L to 14.0 pg/L (Table 3). There
were no exceedances of the Site-specific 1,4-dioxane cleanup level of 15 pg/L in any of the treated effluent samples.

For most of 2023, the System operated under the expired NPDES Permit regarding the discharge of the treated water to Stony
Run, while MDE completed the preparation and issuance of the new Permit. The renewed NPDES permit was finalized by
MDE the week of October 2, 2023, and became effective on November 1, 2023. Effluent samples were collected for the

4 The average groundwater withdrawal rate listed in the test (64 GPM) is based on data for January through March and September through
December. For these months, the System was in operation during all days within that monthly period. The average rate provided in Table
5 (58.8 GPM) includes the flow values for September (53.2 GPM) and September (31.4 GPM). However, the System was not operational
during all days for those months.
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analysis of VOCs, 1,4-dioxane, and other parameters, in accordance with the effective Permit. The analytical results for all
samples indicate compliance with the effluent limitations specified in the Permit (Table 2).

In 2022, MDE requested the performance of periodic analysis of the effluent for total residual chlorine (TRC) prior to the
issuance of the renewed Permit, with immediate notification to MDE if a concentration of >0.1 milligrams per liter (mg/L)
was detected in the discharge. WSP began regularly monitoring TRC concentrations in the System effluent discharge during
February 2022, and the results were voluntarily provided to MDE in the monthly Discharge Monitoring Reports. Table 4
provides a compilation of the TRC results for discharge samples collected and analyzed during 2022 and 2023. During the
period preceding the renewed Permit, only the January 2023 effluent sample had a TRC detection that exceeded the 0.1 mg/L
notification level (0.16 mg/L). Verbal and written (email) notification of the TRC level in the January 2023 sample was
provided to MDE the week of January 30, 2023. The renewed NPDES Permit includes discharge limits for TRC of 0.011
mg/L for the monthly average and 0.019 mg/L for the daily maximum. However, given the minimum practical quantification
level for TRC is 0.10 mg/L, MDE only considers measured TRC values (.10 mg/L to be an exceedance of the new Permit
limitations. Field analysis of both 2023 samples collected under the new Permit (November and December 2023) indicated
non-detect concentrations of TRC.

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). Analysis of 1,4-dioxane was performed using modified EPA
SW-846 Test Method 8260B with Selected lon Monitoring (SIM) for samples collected from January through October 2023
and, in accordance with the renewed Permit, using EPA Method 624.1 for samples collected during November and December
2023. 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 2023 through December 2023 influent and effluent samples are
included in Appendix A. The total VOC concentrations in the influent ranged from 290 pg/L (August 2023) to 317 pg/L
(October 2023). The 1,4-dioxane concentrations in the influent ranged from 94 pg/L (January 2023) to 120 pg/L (August
2023). 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 pglL).

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 2023. This plot shows a noticeable decrease in the influent concentrations during the initial 6 months of
operation. After this period, there is a slight increase in VOC concentrations from late 2017 through the first half of 2018,
while the 1,4-dioxane levels exhibited a gradual decreasing trend. Total VOC concentrations have gradually decreased since
the fourth quarter of 2018, with the rate of change getting smaller 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 this
schedule through 2023.

No VOCs were detected above the method reporting limits in 7 of the 8 effluent samples collected during 2023 when the
System was operational. The outlier sample was collected in October 2023 and contained 1.7 pg/L of 1,1-DCE. Based on
these sampling results, the System VOC removal efficiency during the reporting period was 99.9%. The 1,4-dioxane
concentrations in the effluent water samples ranged from below the method reporting limit of 1.0 pg/L (four samples) to

14.0 pg/L (October 2023). Based on these sampling results, the removal efficiency for 1,4-dioxane was approximately 96.8%

2023 Operations, Maintenance, and Monitoring Report — Hydraulic Containment and Treatment System WSP
Project No. 31405608.010 August 15, 2024
EMERSUB 16, LLC Page 8



during 2023, which approaches values for the initial years of System operation.® Based on sampling results for the previous
years, removal efficiencies for 1,4-dioxane have ranged from 93.3% (2019) to 100% (2017), with an average value of 97.4%.

During the 2023 reporting period, the System removed an estimated 40.6 pounds (Ibs.) of the primary CVOCs: 1,1-DCE, 1,1-
DCA, and 1,1,1-TCA, and 13.8 Ibs. 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 2023. Annual COC mass removal has
generally decreased each year from a historical high of 152.4 Ibs. in 2018 (Table 5). System runtimes were shortened by
maintenance issues in 2020, 2021, 2022, and 2023 (77%, 62%, 63%, and 50% respectively) as compared to previous years
(greater than 90%) and are a major contributing factor to this reduction in contaminant mass 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 generally decreased since System start-up (Figure 2).

2.2.3 RECOVERY WELL GROUNDWATER EXTRACTION AND CONTAMINANT 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 25 to 30 GPM, were set at each of the deep recovery wells
compared to the shallow recovery wells, which averaged around 2 to 4 GPM, to ensure the development of a sufficient
capture zone along the southern Site boundary in the deep zone of the aquifer (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 2023 due to the System shutdowns described in Section 2.1, most notably the extended
shutdown from March 30 through August 15. Using data for months when the wells were operational for the majority of the
time — January through March and December — the average combined flow rates are greater than 55 GPM with maximum
combined flow rate of 74 GPM, approaching the design value of 80 GPM.

CONTAMINANT RECOVERY 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 fall semi-annual sampling event conducted the week of December 3, 2023. The System recovery
wells were not sampled during the Site semi-annual groundwater monitoring event completed in the spring (May) of 2023
due to the System being non-operational (Section 2.1). The sampling data is used to assess contaminant 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 Environmental laboratory in Middletown, Pennsylvania. The contained purge water
generated from the recovery well sampling was processed through the System.

SAMPLE RESULTS

The December 2023 recovery well analytical results are summarized in Table 8 and Figure 4. Historical sampling data for
the primary Site COCs —1,1-DCE, 1,1-DCA and 1,4-dioxane - is provided in Table 9. Figure 5 shows the trends in total
CVOC and 1,4-dioxane concentrations for each well and its average pumping rate.

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 96.8%.
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During 2023, the total VOC concentrations have remained generally consistent in most wells except for increased CVOCs in
the groundwater from RW-1D. Recent concentrations of 1,4-dioxane continued to show either stable (RW-1S and RW-1D) or
decreasing (RW-2S and RW-2D) trends in the discharge through the 2023 reporting period. The presence of similar total
VOC and 1,4-dioxane concentrations in the extracted groundwater from RW-1S and RW-2S supports the setting of similar
pumping rates for these wells. Concentrations of VOCs and 1,4-dioxane in the RW-1D and RW-2D discharge are also
comparable, with the pumps being set at similar extraction rates for these wells.

An updated Mann-Kendall statistical trend evaluation was conducted on the historical (2016 through 2023) recovery well
sampling results for 1,1-DCA, 1,1-DCE, and 1,4-dioxane. The Mann-Kendall trend analysis was based on the GSI Mann-
Kendall Toolkit for Consistent Trend Analysis, which is a spreadsheet system for analyzing time-series groundwater data to
quantitatively determine if the measured concentrations of a chemical are increasing, decreasing, or stable over time. The
analysis relies on the following three statistical metrics (GSI Environmental Inc. 2012).

“S” Statistic, which indicates whether the concentration trend versus time is generally decreasing (i.e., negative “S”
value) or increasing (positive “S” value).

— Confidence Factor (CF), which modifies the “S” Statistic calculation to indicate the degree of confidence in the trend
result. In addition, if the CF is low (i.e., less than 95%) due to either considerable variability in concentrations versus
time or little change in concentrations versus time, the CF is used to apply a preliminary “No Trend” classification,
pending the Coefficient of Variation.

— Coefficient of Variation (COV), which is used to distinguish between a “No Trend” result (significant scatter in

concentration trend versus time) and a “Stable” result (limited variability in concentration versus time) for datasets with
no significant increasing or decreasing trend (e.g., less than 95% CF).

By using these three metrics, the concentration trend at each sample location can be matched to one of four trend categories -
increasing, decreasing, stable, or no trend — which are defined below.

S Statistic Confidence in Trend Trend
S>0 CF>95% Increasing
S>0 CF <95% No Trend
S<0 CF<95%and COV>1 No Trend
S<0 CF<95%and COV <1 Stable
S<0 CF>95% Decreasing

If the CF for the S statistic was >90% but <95%, the trend was still designated as either no trend or stable. However, this
classification was qualified as “possibly increasing” in cases where the S statistic was greater than zero or “possibly
decreasing” if the S statistic was less than zero.

The 1,1-DCA, 1,1-DCE, and 1,4-dioxane concentrations detected in the recovery well discharge were used in the Mann
Kendall analysis. These constituents were selected for statistical analysis because there were consistent exceedances of the
Site-specific Groundwater Cleanup Standards in groundwater samples collected from the recovery wells. The recovery wells,
which are sampled semi-annually, were sampled only once in 2023 due to the system being down during the May 2023
sampling event. For the trend analyses of the recovery wells, the November 2022 results were used as a surrogate to represent
the spring 2023 sampling results.

Table 10 provides the results for the updated Mann-Kendall statistical trend analysis on the recovery well data. Based on this
evaluation, shallow recovery wells RW-1S and RW-2S are characterized by stable/no trends with regards to 1,1-DCE and
1,1-DCA, and a decreasing trend for 1,4-dioxane. Recovery well RW-3S, which has the lowest COC concentrations of the
shallow recovery wells, exhibits no trends for the 3 primary COCs. The presence of generally “stable’ concentration trends in
the well discharge is believed to reflect the recovery of residual constituents from the heterogeneous sequence of fine and
coarse-grained deposits present in AOC 1, which underlies the western portion of Catalent Building 2 and within the inflow
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area for the shallow recovery well system. The decreasing trends for 1,4-dioxane are believed to reflect the high mobility of
this constituent in groundwater systems.

For the deep recovery well, the trend analysis indicated increasing trends for the chlorinated VOCs in the groundwater
collected by RW-1D but no trend for 1,4-dioxane. In contrast, the results for well RW-2D identified decreasing trends for all
of the primary COCs. The differences in the COC concentration trends for the deep recovery wells may reflect spatial
variations in the contaminant mass flux from the overlying portion of the LPA. The pumping-induced decline in the
potentiometric surface in the deep LPA zone would allow for the development of an enhanced vertical (downward)
component of flow across the aquitard from the overlying shallow zone. The thinning of the clayey aquitard from east to
west could facilitate greater transport of dissolved COCs in the portion of the Site within the capture area for well RW-1D
compared to area for RW-2D.

2.3 RESIN CLEANING

WSP retained Recirculation Technologies, LLC (RTI) during 2023 to perform the onsite ex-situ chemical cleaning of the
resin media. Periodic resin cleaning is necessary to remove natural organic carbon constituents that accumulate on the resin
and are not removed during resin steam regeneration. The buildup of these organic constituents over time reduces the resin’s
adsorptive capacity, resulting in increased detections VOCs and 1,4-dioxane in the System effluent samples. RTI previously
completed the onsite resin cleaning activities during the winter of 2020 and fall of 2021. In preparation for the resin cleaning,
the System was shut down on November 1, 2023, to allow for the steam regeneration of both resin vessels to remove any
Site-related VOCs and 1,4-dioxane from the media.

The resin cleaning was completed over the weekend of November 3 through November 4, 2023. RTI arrived onsite and
staged their equipment trailer on November 3. On November 4™, the resin was removed from the vessels and transferred to
separate tanks on RTI’s mobile cleaning trailer. The resin was cleaned by adding heated caustic solution to the tanks,
agitating the mixture for approximately one hour using compressed air, and then transferring the “spent” caustic solution to a
double-walled frac tank for subsequent management. This process was repeated a total of four times for the resin from each
vessel. Following caustic cleaning, a hydrochloric acid solution was briefly added to each tank to neutralize the residual
caustic remaining on the resin; the hydrochloric acid neutralization solution was then transferred to the double-walled frac
tank containing the spent caustic solution. Following pH neutralization, the cleaned resin was returned to its original System
vessel.

Between November 4™ and November 9", the cleaned resin in each vessel was regenerated twice to desorb additional organic
carbon foulants and remove residual caustic soda from the media. The condensate and rinse water generated during these
regeneration events was transferred to the double-walled frac tank because of the elevated pH and brownish color of the
water, which indicated the continued removal of natural organic carbon from the resin at relatively high concentrations.
Following the completion of the back-to-back regenerations for each vessel, normal operation of the System resumed on
November 10", 2023. Unlike the two previous cleaning events, manual addition of hydrochloric acid for pH adjustment of
the treated effluent following System restart was not necessary. The hydrochloric acid wash step, which was added during the
2023 event to neutralize residual caustic following cleaning, negated the need to manually add hydrochloric acid to the
effluent during resumption of System operation. Reports prepared by RTI of the ex-situ resin cleaning activities and results
are included in Appendix B.

Comparison of samples of the pre- and post-cleaned resin suggests that the cleaning process was again successful at
removing adsorbed organic compounds and sediment from the resin. The results for System effluent samples collected during
November and December 2023, which were non-detect for 1,4-dioxane and VOCs, also suggest that the cleaning process was
successful at restoring the treatment capacity of the System resin.

2.4 |IRON FOULING

Iron fouling continues to affect the extraction of groundwater at shallow recovery wells RW-1S and RW-2S. For both wells,
regular maintenance has been conducted to clean iron oxide/hydroxide deposits from the submersible pumps, the
groundwater discharge line running from each pump to the well-head vault, and the in-vault discharge piping. Care is taken
while cleaning each pump to avoid inadvertently forcing the iron deposits into the pump intake.
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The RW-1S submersible pump was replaced in April 2022 due to problems caused by iron fouling. During 2023, the flow
rates from well RW-1S gradually decreased from an average of about 4 GPM during January 2023 to just under 2 GPM by
the end of December 2023. Recent cleaning of the submersible pump and attached down-well groundwater discharge line
resulted in a marginally increased flow rate from this well. However, it is anticipated that replacement of the RW-1S pump
will be required during the spring or summer of 2024. Similar reductions in discharge have also been noted for well RW-2S.
Between October 2022 and January 2023, the flow rate from RW-2S decreased from an average of around 4 GPM to less
than 0.5 GPM. Troubleshooting determined that the low flow rate was caused by significant iron build-up within the internal
components of the submersible pump and these deposits could not be removed by cleaning. Groundwater flow from RW-2S
was returned to normal (around 3.5 GPM) following the first replacement of the submersible pump and cleaning of the down-
well groundwater discharge line and associated fittings in mid-January 2023. Iron fouling at RW-2S continued during 2023
causing the flow rate to gradually decline over the course of the year, and another submersible pump replacement was
required at RW-2S in January 2024.

Spare submersible pumps are being kept onsite to limit potential downtime in the event replacement of one of the shallow
well pumps becomes necessary. Regular maintenance of the in-well pumping components, to include cleaning of the
submersible pumps, down-well groundwater discharge lines, and in-vault discharge piping, will continue to be conducted at
least semi-annually.

2.5 SYSTEM MAINTENANCE

2.5.1 ROUTINE MAINTENANCE ACTIVITIES

During the 2023 reporting period, WSP subcontracted the weekly O&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. O&M activities were
conducted in accordance with the current version of the OM&M Manual, dated May 2018.

Weekly O&M activities performed during 2023 included the following:

— 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

In conjunction with the weekly 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).

In addition to the routine tasks, annual O&M activities were performed that included the following:

— visual inspection of all electrical control panels

— cleaning and inspection of all steam traps

— removal and cleaning of all wye strainers

— cleaning and inspection of well vaults and piping tee-boxes

Based on the annual inspection findings, it was determined there are no leaks from any of the System components and
cleaning of the inside of the flow EQ tank was not necessary. The inside of the EQ tank will be inspected again during 2024.

Several System components require routine replacement every few years. The following routine replacements were
completed during 2023:
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— in-line pH probe electrode — January 2023 and November 2023 (previously replaced September 2022)
— steam superheater fuse — September 2023 (previously replaced September 2022)
— air compressor — October 2023 (previously replaced March 2022)

2.5.2 NON-ROUTINE MAINTENANCE ACTIVITIES

REPLACEMENT OF BOILER COMPONENTS
FIRE TUBE

The System was shut down on March 30, 2023, following identification of a potential problem with the boiler used to
produce steam for the onsite regeneration of the treatment resin. A subsequent inspection by the boiler O&M subcontractor
(Tate) determined that one of the boiler fire tubes had ruptured and needed replacement. Replacement of the ruptured fire
tube was completed in mid-April 2023.

BLOWER MOTOR AND STEAM HEADER VALVE

In late July 2023, it became apparent there were lingering issues with operation of the steam boiler following replacement of
the damaged fire tube in April 2023. Further inspection of the boiler by Tate determined that the blower motor had sustained
water damage following the earlier fire tube rupture and needed replacement. In addition, Tate determined the steam header
valve needed replacement. Both damaged boiler components were replaced in early August 2023.

ISP/VPN ROUTER REPLACEMENT

Around the time the boiler fire tube maintenance activities were being completed (mid-April 2023), it was discovered the ISP
router provided by Verizon was not functioning. Since the ISP router allows for remote access to the System programming
and operation, it was decided the System would remain shut down until procurement and installation of a new router. A
replacement device was chosen that would replace both ISP router and the VPN router that stopped working in 2022.5 The
ISP/VPN device was successfully installed and set-up onsite, and the System restarted on August 15, 2023.

RECOVERY WELLS
REPLACEMENT OF DEEP WELL PRESSURE TRANSDUCERS

The pressure transducer installed in well RW-1D started to work only intermittently on September 1, 2023, resulting in
intermittent extraction of groundwater from this well. About one week later (September 9"), the pressure transducer installed
in RW-2D became inoperable, stopping the extraction of groundwater from this well. The pressure transducer for well RW-
2D was replaced and pumping resumed on September 29, 2023. Following replacement of the RW-2D transducer, the
functioning of the RW-1D transducer improved, suggesting an electrical link between the two deep well pressure transducers.
WSP decided to replace the RW-1D transducer on November 24, 2023, to ensure continuous operation of the submersible
pump in this well. Spare pressure transducers for both the shallow and deep recovery wells are being kept onsite to limit
future downtime of the recovery well pumps.

RW-1S FLOW METER REPLACEMENT

As a result of iron fouling impacts (Section 2.4), the flow meter inside the vault for shallow recovery well RW-1S ceased
functioning properly and had to be replaced on November 24, 2023. This flow meter was previously replaced in November
2022 due to problems caused by iron fouling.

RW-1D VARIABLE FREQUENCY DRIVE PROGRAMMING

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 functioning of the other System components. The VFD that controls the

6 The VPN router allows for the remote downloading of System operational data. Since the router stopped functioning in 2022, the data
was downloaded locally during Site visits.
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operation of the submersible pump installed in RW-1D occasionally experiences problems following the completion of a
resin regeneration, causing the pump to cease operation and the need to manually reset the VFD onsite to resume pump
operation. WSP retained Doddridge Controls Company, Inc. (Doddridge), a system controls specialist, to inspect and service
the RW-1D VFD in January 2023. There have been only three brief recurrences of the VVFD fault since servicing of this
component.

AUTOMATED PROCESS VALVES
STAINLESS STEEL BALL VALVE REPLACEMENT

One of the automated process stainless steel ball valves on the resin vessel skid developed a leak necessitating replacement of
this component. The valve was replaced on January 16, 2023. This is the second of these valves to require replacement.

REPLACEMENT OF REGEN DRAIN/RINSE VALVE ACTUATOR AND SWITCH WITH
SOLENOID VALVE

One of the automated process valve actuators developed a minor air leak shortly before the extended System shutdown that
began at the end of March 2023. This actuator became inoperable shortly after the System was restarted in mid-August. The
actuator, as well as the associated switch with solenoid valve, were replaced on August 25, 2023. The actuator seal is
expected to wear down with repeated use. Since 2021, three (3) of the nineteen (19) System actuators have been replaced or
repaired for this reason.

COMPRESSED AIR FILTER/REGULATOR

The compressed air filter/regulator that regulates the air supply from the compressor to all the automated process valve
actuators developed a leak requiring maintenance. The leak stopped after replacing the polycarbonate bowl piece for this part
on November 4, 2023.

TRANSFER PUMP VARIABLE FREQUENCY DRIVE

On September 13, 2023, the System briefly shut down due VVFD inoperability for one of the two System transfer pumps. The
System was restarted by a System operator later that day after switching the System to the redundant transfer pump. It was
later determined that the transfer pump VFD required replacement. Replacement of the pump VFD was completed in
February 2024 and programming of the VFD will be completed by Doddridge in the spring of 2024.

2.6 RW-3S INSPECTION AND TESTING

RW-3S has remained offline since September 2022 due to diminishing yield. Based on well yield testing conducted in June
2022, it was determined that shallow recovery well RW-3S had a significant reduction in performance since its installation in
2016. After completing physical and chemical rehabilitation activities in July 2022, RW-3S did not show any noticeable
improvement in performance as measured by the pumping rate per foot of drawdown or specific capacity (SC). The baseline
SC value for the well determined in 2016 was 0.65 GPM per foot (GPM/ft). In 2022, the compromised well had an SC of
0.20 GPM/At, and post-rehabilitation value of 0.25 GPM/ft. The inspection and testing activities described below were
designed to determine the causes of the reduced performance.

2.6.1 DOWHOLE VIDEO LOGGING

Downhole video logging of RW-3S was conducted on October 24, 2023, to determine the condition of the well and its
structural integrity. The findings of the borehole video are provided in Appendix C, which includes both the geophysical
contractor’s report and basic descriptions of the findings added to the boring log diagram for RW-3S. Two thin discrete
zones of iron-oxide staining were observed along the screened interval. No apparent clogging of the slotted screened interval
was observed. The iron oxide staining was minimal over most of the interval where water is likely to flow into the well (i.e.,
in the sandy interval between 46 to 62 feet btoc).
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2.6.2 SLUG TESTING

Slug testing was performed at RW-3S on November 6, 2023, to estimate the horizontal hydraulic conductivity (Kr) and
storativity (S) of the formation immediately surrounding the well and to determine if there was evidence of damage to the
filter pack or screened interval of the well.

Response data from each slug test were evaluated using AQTESOLV® Professional, a hydrogeologic software analysis tool
developed by Glenn Duffield of HydroSOLVE, Inc. Output from the AQTESOLV® solutions is presented in Appendix D.
Using the Cooper et al. (1967) solution, the calculated transmissivity (T) values ranged from 17.87 to 30.03 square feet per
day (ft?/day), corresponding to Kr values of 1.12 to 1.88 feet per day (ft/day). The storativity values (S) ranged from 4.42E-
05 to 7.14E-03, which correspond to specific storage (Ss) values of 2.76E-06 per foot (ft) to 4.46E-04 ft*. These Kr and Ss
values fall within a range of published values consistent with a fine sand aquifer material and are indicative of confined
conditions.

2.6.3 STEP DRAWDOWN TEST

A step-drawdown test was conducted on November 8, 2023, to determine aquifer properties surrounding RW-3S, assess
conditions related to the movement of water between the aquifer and well, and gather updated information on the sustainable
pumping rate for the well. Water levels in the recovery well, the co-located piezometer (PZ-3S), and an observation well
(MW-44) were monitored using pressure transducers during pumping. Pumping well RW-3S and observation well M\W-44
are screened in the deeper portion of the shallow zone of the LPA, with locally confined conditions present in the sand and
sand + clay layers due to an overlying clay unit at each well location. Confined conditions were confirmed by the slug test
results.

Six pumping steps were conducted on well RW-3S, starting with a pumping rate of 0.5 GPM and continuing with
successively higher rates of 1.0, 1.5, 2.0, 3.0, and 4.9 GPM. Each step was held at a constant rate, and the pumping well was
monitored until drawdown became relatively stable (i.e., the decline in the water level was close to asymptotic) before
increasing the pumping rate for the next step.

Total drawdown in RW-3S was 38.7 feet at the end of the last pumping step. The drawdown response in the piezometer
screened within the filter pack of RW-3S mimicked the response in the pumping well throughout the test. The total
drawdown in the piezometer at the end of the test was identical to the drawdown in the well.

The step test results for both the recovery well, RW-3S, and the observation well MW-44 were analyzed simultaneously
using the Hantush-Jacob (1955)/Hantush (1961a and b) solution in AQTESOLV®. The data were analyzed by matching a
theoretical “type curve” generated by the computer model to the response data collected from the wells. Output from the
AQTESOLV® solution is presented in Appendix D. The calculated value for T of 13.4 ft?/day is within the same order of
magnitude as those calculated from the slug test data and corresponds to a Kr of 0.84 ft/day. The calculated Ss of 2.32E-06
ft is within the same order of magnitude as that calculated for the rising head tests.

The Hantush-Jacob solution was also used to estimate the well losses independent of the aquifer response. Well losses can be
visualized as excess drawdown in a pumping well relative to the drawdown in the aquifer caused by impediments to flow
through a well screen, such as the screen slot size and design, any clogging that may be present in the screen or filter pack,
and potential damage to the filter pack such as permeability reduction (e.g., borehole skin). Well losses consist of two parts —
a linear component related to frictional losses within the filter pack and screen, and a non-linear component related to
turbulent flow at high pumping rates. The key parameters calculated in the Hantush-Jacob solution are Sw, which comprises
the linear well losses, and C, or the non-linear well loss-coefficient.

Curve matching in AQTESOLVE® produced a negative Sw, which indicates that the hydraulic conductivity of the formation
is greater than the filter pack surrounding the screen of well RW-3S. The estimated non-linear well loss coefficient, C, of
15.33 min?/ft> was used to calculate non-linear well losses, or excess drawdown in the well relative to the surrounding
formation. The excess drawdown ranged from 0.6 to 6.6 feet per step, with higher well losses occurring at higher pumping
rates. A well loss coefficient of greater than 10 is indicative of severe clogging within a filter pack or screen (Walton 1962).
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2.6.4 CONCLUSIONS ON CONDITION OF WELL RW-3S

The results of the additional inspection and testing activities on shallow recovery well RW-3S indicate the following.

— The well screen does not exhibit visual evidence of fouling or clogging. Staining by iron-related minerals is present
along various intervals of the screen that roughly correspond to various fine-grained stratigraphic layers in the aquifer
where flow is unlikely to occur.

— The SC for RW-3S was calculated from the slope of a regression line of drawdown plotted vs pumping rate for all of the
step tests. The calculated SC of 0.12 GPM/ft is lower than the values observed post-redevelopment in 2022.

— The drawdown measured in the piezometer screened within the filter pack was the same as the drawdown inside the
casing of RW-3S, indicating that the calculated well losses occur within the filter pack and not the screen perforations.
Thus, the filter pack material of RW-3S has been compromised by the ingress of fine-grained material from the
formation, fouling by iron oxide mineralization, or both, and explains why the previous (2022) redevelopment activities
were not entirely successful in restoring the SC to the initial pre-remediation/baseline value.

— Further evidence of fouling of the sand filter pack is indicated by the negative skin effect calculated during type-curve
matching of the step drawdown test data. This indicates that the hydraulic conductivity of the filter pack is less than the
formation also indicating clogging of the filter pack.

2.7 WASTE MANAGEMENT

2.7.1 ROUTINE SYSTEM 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 the summer of 2022, the frequency of bag filter replacement has decreased to a minimum of every two weeks.
Spent bag filters were managed offsite as non-hazardous waste (general trash). Disposable materials from the System
OM&M activities (e.g., nitrile 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 of hazardous waste under
the EPA classification scheme, and small quantity generator of hazardous waste under the MDE designations. No hazardous
waste was generated at the Site during 2023.

2.7.2 RESIN CLEANING WASTEWATER

The spent caustic solution containing desorbed organics from the resin cleaning (Section 2.3) was containerized in a double-
walled frac tank and neutralized using hydrochloric acid. In addition, the high pH, organic-rich water produced during the
post-cleaning regenerations of each resin vessel was handled in the same manner. After verifying the neutralized wastewater
had a pH of <10 standard units and approval from the County, the wastewater was discharged to the sanitary sewer system
under EMERSUB 16’s wastewater discharge permit #210020. A copy of the chemical characterization results for the resin
cleaning water, which are included in a permit modification request to allow for the annual discharge of this wastewater, and
the County discharge approval for the wastewater generated during the November resin cleaning event are provided in
Appendix E.

The solids and wastewater generated from power washing of the emptied frac tank were containerized and removed by a
vacuum truck, respectively, for offsite disposal as non-hazardous waste.
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2.7.3 RW-3S TESTING PURGE WATER

Well discharge from the RW-3S step drawdown test was temporarily stored in a secondary-containment tank at the well
head. The purge water was periodically transferred to a temporary polyethylene tank near the treatment building where it

was eventually processed through the treatment system.
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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 1). 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 GROUNDWATER LEVELS

Groundwater level measurements were collected from all onsite monitoring wells on May 21, 2023, during the semi-annual
groundwater monitoring event, and again on December 3, 2023, during the annual groundwater sampling event. Additionally,
data from two monitoring wells located on the Williams-Scotsman, Inc. property, MW-24D and MW-45, and one on the
Verizon property, MW-46D, were used to aid in producing groundwater elevation contours for 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 2023 gauging events are
provided in Table 12.

3.1.2 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 semi-annual sampling event on May 21, 2023, and annual sampling event on December 3,
2023. The annual event involved the sampling of all 13 shallow zone monitoring wells (MW-01, MW-03, MW-04R, MW-
05R, MW-09, MW-16, MW-18, MW-20, MW-38R, MW-39, MW-42, MW-43, and MW-44) and all 8 deep zone wells
(MW-1D, MW-16D, MW-21D, MW-22D, MW-23D, MW-27D, MW-40D, and MW-41D). The semi-annual event excluded
the collection of samples from two shallow wells, MW-01 and MW-03, and two deep wells, MW-27D and MW-41D.

During the annual event, the sampler deployed in well MW-39 detached from its tether during retrieval and was ultimately
removed from the well without collecting a sample. A new sampler was immediately deployed, and the sample from MW-39
was later collected on December 21, 2023, following the stabilization period.

MONITORING WELL SAMPLING PROCEDURE

The HydraSleeve™ sampler was used to collect groundwater samples from the onsite monitoring wells in 2023. The
HydraSleeve™ is a passive/no-purge sampling device capable of collecting representative groundwater samples for analysis
of a range of dissolved groundwater constituents, including VOCs and 1,4-dioxane.

Since initiation of onsite groundwater monitoring in 2016, the groundwater samples were collected using standard-size
HydraSleeve™ samplers that were 30-inches (2.5 feet) in length. The samplers were installed in the wells by attaching the
HydraSleeve™ to a weighted, nylon suspension tether and setting the sampler at the pre-determined depth within the
screened interval. The suspension line was secured at the wellhead to ensure the sampler remained at the designated depth
during the stabilization period, which corresponded to the time between sampling events. The groundwater sample was
collected by continuously pulling upward on the suspension line until the HydraSleeve™ was full. The HydraSleeve™ was
removed from the well, and the water immediately transferred to the appropriate sample containers to minimize any diffusive
loss of VOCs through the polyethylene wall of the sampler.

In 2022, WSP changed the analytical method used to analyze the groundwater samples for 1,4-dioxane from modified EPA
SW-846 Method 8260D with selected ion monitoring (SIM) to the more accurate EPA SW-846 Method 8270E with SIM.
Given the larger sample volume necessary for the 8270E test method, the standard HydraSleeve™ was not able to retrieve
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enough water for the 1,4-dioxane laboratory analysis and measurement of field hydrogeochemical parameters. Consequently,
in December 2023, WSP switched to using longer (38-inch or 3.2-foot) HydraSleeve™ samplers, which provide sufficient
volume for all required laboratory and field analyses. In addition, monitoring well MW-16D was fitted with a SuperSleeve
sampling device, which has an even longer length of 5 feet, to provide the necessary volume to collect the matrix
spike/matrix spike duplicate (MS/MSD) samples. The top of the new HydraSleeves™ were suspended at the midpoint of the
screen in each well such that retrieval would collect water from the overlying interval equal to the sampler length. The new
deployment depths differ from those for the previous (standard-size) HydraSleeve™ samplers, which were positioned at a
depth slightly below the screen midpoint. Given the modified deployment depth and slightly greater sampler length, the
newly deployed HydraSleeves™ samplers target a longer sampling interval within the upper portion of the well screen. The
depth intervals for deployment of the HydraSleeve™ samplers in the offsite wells are provided in Table 13.

After obtaining the requisite sample volume for chemical analysis, a representative amount of the remaining water was
analyzed in the field for hydrogeochemical parameters using a multi-parameter water quality meter. Field hydrogeochemical
parameter measurements were not made in May 2023 because the size of the standard Hydrasleeve™ samplers deployed for
that sampling event did not yield sufficient water. Field parameters were collected in December 2023 from the larger
Hydrasleeves™, except at MW-16 and MW-16D, where duplicate and MS/MSD samples were collected, and sufficient water
was not available to make the field measurements. The water was placed into the sample cup of a Horiba U-52 multi-
parameter field meter for measurement of the following hydrogeochemical parameters:

— Temperature

— pH

— Specific conductivity
— Turbidity

The field parameter measurements for each sample were documented in a field notebook. Specific conductance
measurements were not collected from several of the wells due to a field transposition error involving the collection of
information from the incorrect probe. Table 14 includes the field parameter measurements for the December 2023 sampling
event. Following sample collection, a new HydraSleeve™ sampler was deployed in the well for the next sampling event.
Any excess water generated from the monitoring well sampling activities was contained in 5-gallon buckets and processed
through the System.

The monitoring well samples were analyzed for VOCs using EPA SW-846 Test Method 8260D and 1,4-dioxane using EPA
SW-846 Test Method 8270E SIM by the ALS Environmental laboratory in Middletown, Pennsylvania.

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 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, hydraulic head conditions in the lower portion of the shallow zone of the LPA and the deep zone of
the LPA are provided in Figures 6, 7, and 8 for the May 2023 monitoring event, and Figures 9, 10, and 11 for December
2023. As discussed in Section 2.1, the System was shut down between March 30, 2023, and August 15, 2023, due to issues
with the steam boiler and remote connectivity to the System controls. This shut-down period coincided with the May 2023
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. The December 2023 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 contours for the May 2023 data when
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the System was not operational. A slight mounding effect is observed in both measurement events around MW-04R 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 LOWER PATAPSCO AQUIFER SHALLOW ZONE

The cessation of remedial pumping from March 30 through August 15, 2023, 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.

In contrast to the May 2023 contours, pronounced drawdown was observed in the vicinity of the shallow recovery wells
during the December 2023 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, south towards MW-44, and west towards Stony Run. 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.

LOWER PATAPSCO AQUIFER DEEP ZONE

Figure 8 depicts the potentiometric surface based on the May 2023 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 May 2023 data reflect the recovery of the hydraulic heads to a non-pumping condition
following shutdown of the System at the end of March 2023. 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.

The head distribution in December 2023 indicates the southward movement of groundwater across the Site, with the
development of an elongated depression in the potentiometric surface along the 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 the deep zone toward the depth
interval screened by the recovery wells. Monitoring well MW-41D, which is screened in the lower-most portion of this zone,
has a higher groundwater elevation compared to wells MW-01D and MW-21D (Table 12). This indicates an upward
component of groundwater flow from the lower portion of this hydrostratigraphic unit to MW-01D and MW-21D, which are
in close proximity to recovery wells RW-2D and RW-1D, respectively.

In general, groundwater levels were higher in May 2023 than in December 2023, which reflects both the absence of head
changes during pumping and a decrease in the site-wide water table in December. This decrease is likely due to a region-
wide lowering of the potentiometric surface in the deep zone of the LPA caused by decreased recharge within the outcrop
area to the north and west of the site during a drier than normal year, which saw approximately 10 inches of rainfall deficit in
the Baltimore area.”

TEMPORAL CHANGES IN GROUNDWATER LEVELS

Figures 12 and 13 include hydrographs of select wells screened in the shallow zone and the deep zone of the LPA,
respectively, that are located outside the area of pumping influence imparted by the shallow and deep recovery wells. The
results indicate fluctuations in water levels during the reporting period that are consistent with historical changes. As
discussed above, the hydrograph for the deep zone (Figure 13) depicts the declines in water levels observed throughout the
site between May and December in the deep zone of the LPA.

" Ruiz-Barradas, A., Maryland Climate Bulletin Annual 2023, University of Maryland Department of Atmospheric & Oceanic Science
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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 2023 monitoring events are presented in Table 15. The certified
laboratory analytical reports for the 2023 samples are included in Appendix F. Historical analytical results for selected Site-
specific constituents are presented in Table 16.

Concentrations for COCs detected in samples from the shallow and deep monitoring wells are provided in Figures 14 and 15,
respectively. Iso-concentration maps for the primary VOCs — 1,1-DCE and 1,1-DCA - and 1,4-dioxane were prepared using
the analytical data from the annual (December 2023) 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 concentrations using the randomly spaced sampling points. When appropriate, the iso-concentration contours
were adjusted by hand to correct for 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 were included in the data sets for the iso-concentration maps to help provide context
with regards to the extent of the affected groundwater®. The lowest iso-concentration contour values were based on the
applicable Cleanup Standards. For 1,4-dioxane the lowest contour is 4.6 pg/L, which corresponds to the MDE risk-based
action level. The onsite Cleanup Standard of 15 pg/L, as set forth in the RAP, is shown as a dashed contour line. 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). The 2023 results from MW-04R indicate lower concentrations
than those that were historically observed in MW-04. Data for the western 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 the southern building on the property (Catalent Building 2). In
comparison, the contours indicate the plumes only occur below the southern portion of Catalent Building 1, with the inferred
boundary for the 1,1-DCA plume extending along the south wall of this building. The computer-generated contours show the
upgradient portion of the plume extending a short distance onto the adjoining Williams-Scotsman property. Historically,
these COCs have been found at concentrations below the Cleanup Standards 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. Overall, the shallow zone plume maps generated from the December 2023 data are similar in shape and aerial
extent to those generated from the November 2022 data.

8 The results from these offsite wells are described in more detail in Quarterly Status Report No. 29 to MDE and EPA, dated March 3,
2024,
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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 (Table 15, Figure 15). However, it
should be noted that the concentrations of these constituents in samples from well MW-24D located downgradient on the
adjoining Williams-Scotsman property were noticeably higher than levels detected in any of the onsite wells.

Additional exceedances of the Cleanup Standards were detected in samples from monitoring wells MW-01D, MW-21D and
MW-22D for 1,1-DCE during both 2023 sampling events (Table 15, Figure 15). The concentration of 1,1-DCA (3.8 pg/l)
also exceeded the Cleanup Standard in the December 2023 sample from MW-01D but not in the May sample (1.8 pg/l),
although both concentrations are low. Monitoring well MW-41D is the deepest onsite well in this zone of the LPA onsite and
helps define the lower boundary of the onsite plumes. In December 2023, the sample from MW-41D had no detections of the
Site-related COCs.

Figures 19 and 20 provide the December 2023 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 portion of the
Site occupied by the Catalent buildings and extending offsite. Evaluation of the sampling data indicates the highest
concentrations of these COCs occur within an elongated area underneath the central part of both buildings that continues
southward onto the Williams-Scotsman property. The lateral boundaries of the COC-affected groundwater are 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.
Overall, the deep zone plume maps generated from the December 2023 data are similar in width to those generated from the
November 2022 data and indicate that the plume extents have not expanded.

MANN-KENDALL TREND ANALYSIS OF PRIMARY CONSTITUENTS OF CONCERN
OVERVIEW OF ANALYSIS APPROACH

An updated Mann-Kendall analysis was conducted to analyze the trend of 1,1-dichloroethane (DCA), 1,1-dichloroethene
(DCE), and 1,4-dioxane concentrations detected in groundwater samples collected between December 2016 and December
2023 from applicable onsite monitoring and recovery wells® at the former Kop-Flex facility in Hanover, Maryland. General
information on this trend analysis method is provided in the discussion of the recovery well discharge data (Section 2.2.3).
As with the evaluation of the recovery well data, the designation of a stable or no trend was qualified in cases where the CF
was between 90% and 95%.

The 1,1-DCA, 1,1-DCE and 1,4-dioxane concentrations detected in applicable monitoring wells that were used in the Mann-
Kendall analysis are provided in Table 16. The following assumptions were made for the trend analysis:

— The results of groundwater samples collected between December 2016 through December 2023 were assumed for each
well’s dataset.

— Depending on the well, the results of groundwater samples that were collected annually or semi-annually were used in
the analysis to have a consistent sampling frequency per year. If applicable, the results of additional samples collected
outside designated annual or semi-annual sampling periods were excluded from a well’s dataset. Well MW-5R, which is
sampled semi-annually, was sampled only once in 2021. MW-5R was inaccessible during the spring 2021 sampling
event due to some minor damage to the protective well cover. For the trend analysis of MW-5R, the November 2020
results were used as a surrogate to represent the spring 2021 sampling results.

— For samples with non-detect results, a common value was assumed for a given compound that was less than or equal to
the detections in the dataset (EPA 2009). The value assumed for non-detect results was the method detection limit for the
sample with the lowest detected concentration of a given compound.

— If aduplicate sample was collected for a sampling event, the higher of the two sample concentrations was used in the
dataset.

9 The applicable wells are those 20 wells where 1,1-DCA, 1,1-DCE, and/or 1,4-dioxane were detected in at least 50% of the samples
collected from the well.
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— Beginning in June 2022, groundwater samples were analyzed for 1,4-dioxane using EPA Method 8270 SIM; the
previous analytical method for this COC was modified EPA Method 8260 SIM. All 1,4-dioxane results were considered
in each dataset despite the change in analytical method.

— According to GSI Environmental Inc. (2012), “For wells in which all or a large majority of the results are non-detect for
a chemical, the true concentration trend for this chemical is considered stable at a concentration below the detection
limit. In this case, the Mann-Kendall analysis will not be very informative of the true concentration trend, as the method
will simply indicate the trend of the non-detect values vs. time.” Therefore, for this analysis, a Mann-Kendall statistic
was not calculated if more than 50% of the samples had non-detect concentrations of a specific compound in a well (The
Interstate Technology & Regulatory Council 2013).

— Atrend analysis was performed if a well had at least four sampling events (GSI Environmental Inc. 2012). Therefore, no
trend analysis was conducted on the data for shallow well MW-04R because it was sampled only three times.

Table 17 provides the results for the updated Mann-Kendall statistical trend analysis on the recovery well data. Discussion of
the trend analysis at sampling points in the shallow and deep zones are provided in the following section.

DISCUSSION OF PRIMARY COC CONCENTRATION TRENDS

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 2023 for wells screened in the shallow zone and the deep zone of the LPA, respectively. Presented are plots for wells
where concentrations of one or more of these compounds regularly exceed the Cleanup Standards. Since the 2022 change in
the 1,4-dioxane analytical method could influence the detected concentrations for this constituent, evaluation of temporal
changes in COCs focuses on the chlorinated VOCs.

SHALLOW ZONE

At upgradient well MW-04, the results of the Mann-Kendall analysis, which was conducted using the data between
December 2016 and June 2022, indicate a no/possibly increasing trend for 1,1-DCA and stable trend for 1,1-DCE (Table 17).
Despite this evidence of stability, VOC concentrations increased by more than 100 percent between November 2020 and May
2021, and remained elevated throughout the first half of 2022, before the well was abandoned and replaced with MW-04R
(Figure 21; Table 16). These increases possibly relate to mobilization of VOCs in the vadose zone caused by localized
recharge within the adjacent stormwater management area (SWMA\). Reduced 1,1-DCA and 1,1-DCE concentrations in
groundwater sampling have been measured in the three semiannual monitoring events at MW-04R (November 2022, May
2023, and December 2023). Mann-Kendall trend analysis will be performed for MW-04R once sufficient results are
collected.

At MW-09, also upgradient, concentrations of 1,1-DCE and 1,1-DCA show decreasing trends that were statistically
significant in the Mann-Kendall analysis (Table 17). These decreases in VOC concentrations could also be related to the
long-term influence of groundwater recharge within the SWMA, which potentially displaces VOC mass downwards (Figure
21).

Contrary to the statistical analysis of MW-04 and MW-09, the historical sampling data for adjacent upgradient well MW-20
indicate statistically increasing trends in concentrations of 1,1-DCA and 1,1-DCE (Table 17). These changes at MW-20,
which is screened deeper than MW-04/MW-04R, could also be due to the influence of the SWMA as recharge displaces
VOCs downwards into the aquifer.

In the MW-16 location in the central portion of the COC plumes, the Mann-Kendall analysis indicates a “decreasing” trend
for 1,1-DCE and stable trend for 1,1-DCA throughout the sampling history of the well (Table 17). More recent increases in
the concentrations of 1,1-DCA and 1,1-DCE have been observed since May 2021, perhaps as source material from
upgradient travels towards the recovery wells (Figure 21).

In the western portion of the Site where the recovery wells are located, sampling data for MW-43 exhibit statistically
“decreasing” concentrations for 1,1-DCA, 1,1-DCE and 1,4-dioxane. Declining concentrations are visible in the data through
to the present reporting period. Recovery Well RW-1S is screened in the same zone as MW-43, and these changes are
possibly due to the long-term groundwater withdrawals.

Also, in the western portion of the Site at MW-38R, the Mann-Kendall analysis indicated “no trend” is evident in the
concentrations of 1,1-DCA. Likewise, the concentrations of 1,4-dioxane in this well are statistically “stable”. The boring log
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from MW-38R indicates a thick sequence of clay above the screened interval that may act as a continuing diffusive source of
VOC:s at this location.

Farther south at MW-44, the Mann-Kendall analysis indicates “no trend” in the concentrations for 1,1-DCE and “stable”
concentrations of 1,1-DCA and 1,4-dioxane (Table 17). However, semi-annual sampling at this well only began in June
2021, and the preceding annual data were omitted from the analysis. A broader view of the data indicates declines in
concentrations of all three compounds since June 2019 that may be related to reduced contaminant migration from VOC-
affected clay zones (Figure 21).

DEEP ZONE

Two wells - MW-01D and MW-22D - positioned in the vicinity of extraction well RW-2D show statistically “decreasing”
trends for 1,4-dioxane and 1,1-DCE (Table 17). A closer examination of the plots in Figure 22 shows noticeable decreases in
the COC concentrations in these wells during the first 2 years of System operation. Thereafter, concentrations of these
compounds have remained relatively constant through much of the sampling history. These 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
where VOC concentrations in groundwater are limited by the rate of diffusion from low permeability and low flow portions
of the aquifer.

Conversely, analysis of the MW-21D sampling data indicates no statistically significant trend in the 1,1-DCE concentrations
in response to pumping from well RW-1D (Table 17). Initially, this compound exhibited a decreasing trend for a 3 to 4-year
period following System startup. However, 1,1-DCE levels at this monitoring point have been gradually increasing since
2021 (Figure 22). This may be the result of downward migration of VOCs imparted by pumping at RW-1D, which has a
thick sequence of clays and silts overlying the screened interval.

The data for well MW-16D, which is located upgradient of recovery well RW-2D, shows statistically significant
“decreasing” trends for 1,1-DCE, 1,1-DCA, and 1,4-dioxane throughout its sampling history. The concentration vs. time plot
of the sampling data shows a consistent decline in the concentrations of these COCs. Further upgradient at well MW-23D,
the chlorinated VOC levels exhibit either “stable” or “no trend” based on the Mann-Kendall trend analysis. The
concentrations for all of these compounds have shown minimal fluctuation following the start of remedial pumping. Even
though this well is the farthest onsite monitoring point from the deep extraction wells, it is believed the zone of groundwater
in-flow for RW-1D and RW-2D has extended to and beyond this well location. The absence of any discernable reduction in
COCs concentrations may reflect the presence of pockets of residual contaminant mass in this portion of the deep zone.

SUMMARY

In summary, the concentration vs. time plots indicate that System operation has resulted in declines in the CVOCs and 1,4-
dioxane levels at some areas of the site, while little trend is evident in other locations. In general, in the shallow zone, stable
or decreasing concentrations are noted at monitoring wells located in the vicinity of the shallow recovery wells. Conversely,
concentration declines in upgradient monitoring well locations (i.e., MW-04/04R and MW-09) are probably the result of
surface water infiltration in the SWMA. In the deep zone, concentrations have generally decreased in the eastern portion of
the site, whereas they have shown no discernable trends in the western portion of the site, perhaps due to stratigraphic
variations across the site.
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4 CONCLUSIONS

4.1 ASSESSMENT OF SYSTEM OPERATION AND CLEANUP
PROGRESS

Overall, the System is operating as designed and is effective in the containment and recovery of contaminants present in the
LPA underlying the former Kop-Flex facility. System runtime during 2023 (50%) was relatively low compared to previous
years as a result of both scheduled and unanticipated System shutdowns. In particular, there was an extended, unplanned
shutdown during the spring and summer caused by the need to replace multiple pieces of System equipment. Spares for
regularly replaced System components are being kept onsite to prevent unanticipated extended downtime of the System in the
future. Also, one of the shallow recovery wells, RW-3S, did not operate in 2023. Even with the reduced runtime and reduced
extraction network, the System recovered a total of approximately 54 Ibs. of CVOCs and 1,4-dioxane from the aquifer during
the calendar year. Since start-up in early 2017, the cumulative contaminant mass removal by the System through 2023 has
been approximately 705 Ibs.

Analysis of treated effluent samples during 2023 indicate the System is removing VOCs and approximately 96.8% 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 two samples; one collected during June 2019 and the
other during October 2023 (1,1,1-TCA at 3.4 pg/L and 1,1-DCE at 1.7 pg/L, respectively). There were no exceedances of the
effluent limits specified in the NPDES Permit or the Site-specific 1,4-dioxane cleanup level during the 2023 operational
period.

The groundwater inflow area for the shallow recovery wells appears to encompass the inferred width and breadth of the VOC
plume in the shallow zone of the LPA at the Site (see Figures 16 through 18). Similarly, 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 (See
Figures 19 and 20). This determination is based on the flow paths in response to the hydraulic gradients created during
pumping.RW-3S has been offline since September 2022 as the groundwater extraction rate became negligible. In 2023,
inspection and testing activities were completed to evaluate the source of the diminished yield from the well. The activities
determined that lack of yield was the result of a clogged sand filter pack. Improving the sand filter pack and resuming
operations at RW-3S in 2024 will enhance the hydraulic gradients noted above for the shallow recovery wells. However,
even with RW-3S offline in 2023, hydraulic capture was maintained by the remaining shallow recovery wells RW-1S and
RW-2S.

Since the start-up of the hydraulic containment system in March 2017, the observed declines in COC concentrations in
shallow monitoring wells such as MW-09, MW-16, and MW-43, indicate the shallow recovery wells are effective in
removing contaminant mass from the shallow zone of the LPA (Figure 21 and Table 17). Effective containment of the plume
is indicated by the 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 the improvement in the groundwater quality:

— 1,1-DCE - decrease from 26,200 pg/L (December 2016) to 3,990 pg/L (December 2023);
— 1,1-DCA — decrease from 6,420 pg/L (December 2016) to 3,040 pg/L (December 2023); and
— 1,4-dioxane — decrease from 1,450 pg/L (December 2016) to 96 pg/L (December 2023)

The exceptions to the temporal changes noted above include 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 (MW-20) or show no/stable trends (MW-38R and MW-44) for the primary VOCs after the
initiation of remedial pumping. The temporal variations in COC concentrations are believed to be related to the spatial and
vertical heterogeneity inherent in the geologic materials comprising the LPA at the Site or processes related to the current
facility owner’s management of the property. The COCs present at these well locations are eventually captured by the System
as groundwater flows toward the recovery wells.
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The groundwater in the deep zone of the LPA at the Site contains 1,1-DCE and 1,4-dioxane concentrations above their
respective Cleanup Standards, although levels have generally decreased for these constituents since the initiation of remedial
pumping. The COC concentrations at monitoring well MW-16D indicate this trend, where between December 2016 (baseline
sampling event) and December 2023, 1,1-DCE decreased from 254 pg/L to 103 pg/L and 1,4-dioxane decreased from

202 pg/L to 35 pg/L. Concentrations have also decreased in the deep zone in the eastern portion of the site at MW-22D.
However, the concentration of COCs have shown little to no reduction in the deep zone in the western (MW-21D) or
northern/upgradient (MW-23D) portions of the Site.

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 2024

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/corrective measures. 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 CVOCs and 1,4-dioxane concentrations remain above the Cleanup Standards in the onsite area, the continued
operation of the System is deemed necessary during 2024.

During the spring of 2024, WSP plans to complete line jetting of the groundwater conveyance piping between the System
treatment building and shallow recovery wells RW-1S and RW-2S to remove the accumulated iron deposits from these lines.
The System O&M subcontractor will be retained to complete this work under WSP oversight. Line jetting of the water
conveyance piping will likely become a routine maintenance task to maintain the pumping rate from these wells and
performance of the submersible pumps.

WSP will perform redevelopment at RW-3S to attempt to remove the buildup of materials clogging the sand filter pack and
improve the yield so that groundwater recovery operations may be resumed. As hydraulic capture is being maintained with
two shallow recovery wells remaining in operation (RW-1S and RW-2S), WSP will also evaluate whether operation of RW-
3S is necessary.

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 for these wells will be incorporated into the monitoring program specified in the 2015 Groundwater Monitoring
Plan (WSP 2015b).
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United States Environmental Protection Agency
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operations, maintenance, and monitoring
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