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1.0 INTRODUCTION

On behalf of Wolverine World Wide, Inc. (Wolverine), Rose & Westra, a Division of GZA GeoEnvironmental, Inc.
(R&W/GZA), prepared this Final Response Activity Plan (RAP) for the Interceptor System at the former Wolverine
Tannery, 181 North Main Street, Rockford, Michigan (Site). Per Section 7.7(b)(i) of the Consent Decree (CD), the
objective of this RAP is to develop initial design parameters for a groundwater interceptor system that will be “...
appropriately sized to address and control perfluoroalkyl substances (PFAS) Compounds contamination in the
groundwater at the Tannery before it enters the Rogue River.”

To develop initial design parameters for the interceptor system, R&W/GZA utilized its comprehensive database of
Site-specific geologic and hydrogeologic conditions to model the groundwater flow regime and simulate the
effects of an active interceptor system at the Site. Previous Site investigation findings indicate that Site
groundwater under natural flow conditions will discharge to the Rogue River and Rum Creek. Therefore, the
purpose of the interceptor system is to effectively prevent the natural discharge of PFAS-impacted groundwater
to these surface water features. The interceptor system will consist of a network of pumping wells that when
pumping generates coalescing drawdown and inward hydraulic gradients to intercept groundwater flow
effectively preventing discharge. The groundwater pumped from the extraction wells will be treated on-Site
though proven granular activated carbon treatment. Based on our experience with other similar groundwater
pumping systemes, it is important to note that the performance of the interceptor system will not be measured by
an appreciable reduction in PFAS concentrations on-Site. Instead, we will measure the groundwater elevations to
document groundwater flow in multiple locations along the system to confirm groundwater flow away from the
Rogue River and Rum Creek. Refer to Exhibit 1 for a visual representation of the intended changes to groundwater
flow.

This RAP describes the development of a rigorous three-dimensional groundwater flow model that has been
refined following Michigan Department of Environment, Great Lakes, and Energy’s (EGLE’s) initial review and
comment. We believe the modeling effort has successfully resulted in the development of initial design
parameters for the Site interceptor and groundwater treatment systems. This final RAP responds to EGLE’s
August 17, 2021 comment letter on the February 2021 Draft RAP and EGLE’s February 10, 2022 approval with
conditions letter on the November 2021 revised RAP submission. The majority of EGLE’s August comments
(Comments 1 through 10) were focused on refinement of the groundwater model. In subsequent conversations
between R&W/GZA and EGLE, the technical comments were discussed and a path forward regarding each
comment was agreed upon. Appendix A provides Response Letters to EGLE’s August 2021 Comments and EGLE’s
February 2022 Comments. Where applicable, specific modeling comments are addressed in Section 5.0.

Based on the revised modeling effort and discussions with EGLE, the interceptor system design will include 14
shallow extraction wells and three deep extraction wells south of Rum Creek, and five shallow extraction wells
north of Rum Creek. Prior to the development of the groundwater model, R&W/GZA installed three extraction
wells and nine monitoring wells in 2019 and conducted pumping tests to obtain in situ hydraulic characteristics
for the model. These wells will be utilized along with the additional wells that will be installed following approval
of this RAP. Section 9.0 provides additional details on the system. As discussed in Section 12.0, the final
interceptor system and its pumping rate may be adjusted or modified based on feedback obtained from Site
performance monitoring in order to fulfill the stated requirements of the CD discussed above.
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2.0 SUMMARY OF CONCEPTUAL SITE MODEL

The Site consists of 14.5 acres encompassing the former Wolverine Tannery property between Main Street and
the Rogue River, north of Courtland Street, in Rockford, Michigan (Figure 1). Rum Creek flows from east to west
through the central portion of the Site and discharges into the Rogue River, which flows southerly along the
western Site boundary.
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Figure 2-1: Site Plan

Based on Kent County LiDAR data, the Site slopes from Main Street toward the Rogue River with elevations ranging
from approximately 707 feet mean sea level near the southeastern corner to 690 feet along the Rogue River. The
properties surrounding the Site are a mixture of commercial (predominately south of the Site) and residential land
use (east and north of the Site).

2.1 SITE HISTORY

This Site historically had a street address of 123 North Main Street, Rockford, Michigan and was developed in the
late 1800s with an icehouse, lumber yard and associated coal storage located north of Courtland Street and west
of Main Street. A shoe factory was constructed north of Rum Creek circa 1903, and the tannery was constructed
south of Rum Creek circa 1908. The tannery eventually extended to the south and west onto formerly residential
land and a lumber/coal yard, respectively. The tannery operated until 2009. In 2010 and 2011, once applicable
environmental permits were obtained, it was demolished. A retail outlet store and certain paved parking areas
remain on-Site.
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During the demolition in 2010 and 2011, Wolverine collected groundwater samples from monitoring wells and
piezometers under consultation with the U.S. Environmental Protection Agency (EPA) and the former
Michigan Department of Environmental Quality (MDEQ) - now EGLE. Wolverine and MDEQ collected additional
samples from the Site and the Rogue River during a Preliminary Assessment under CERCLA in late 2011 and early
2012.

Starting in August 2017, groundwater samples were collected from the Site monitoring wells for analysis of PFAS due
to the historical usage of Scotchgard™ in the Tannery process. Scotchgard™ was manufactured by 3M Company and
contained PFAS as active ingredients.

EGLE has only promulgated Part 201 GGCC for PFAS for the GSI and drinking water pathways. For the GSI pathway,
the main constituent is perfluoroalkyl sulfonic acid (PFOS), which has the most restrictive criterion at 12
nanograms/ liter or parts per trillion (ng/l). The groundwater data indicated PFOS and perfluorooctanoic acid
exceeded Part 201 Generic Groundwater Cleanup Criteria (GGCC) for the only applicable exposure pathway for
PFAS, i.e., the groundwater/surface water interface (GSI) pathway. Because Rockford residents are on municipal
drinking water and do not utilize the groundwater beneath the Tannery or the river water as a drinking water
source, the drinking water pathway has been evaluated and is not a relevant pathway. EGLE has not promulgated
other Part 201 GGCC for PFAS beyond the GSI and drinking water pathways.

Additional investigations were performed across the Site in 2018, 2019, and 2020. Although the EPA’s UAO and
AOC! did not specifically identify PFAS as target constituents, R& W/GZA analyzed 225 soil samples, 112 groundwater
samples, 14 surface water samples, and 100 sediment samples for PFAS in 2018. Refer to the “Final Implementation
of 2018 Work Plan Summary Report, Tannery 2018 Work, Rockford, Michigan,” dated January 11, 2019, prepared by
R&W/GZA (R&W/GZA, 2019) for details.

In late 2019 and 2020, as part of the AOC-related activities, 14,576 cubic yards of soil and sediment were removed
from nine excavation areas at the Site for disposal off-Site. These excavations were primarily backfilled with clean
sand. While PFAS was not the driver for these excavations, the removal of these PFAS-containing soils from the Site
reduced the source of PFAS to groundwater. Specifically, 10,748 cubic yards of material, including leather scraps
that may have been treated with Scotchgard™, were removed north of Rum Creek. Refer to the “Implementation
of 2019 Work Plan - Summary Report - Final, Wolverine World Wide Tannery 2019-2020 Work, Rockford, Michigan,”
dated July 21, 2021, prepared by R&W/GZA (R&W/GZA 2021) for additional information.

2.2 PRECIPITATION AND GROUNDWATER RECHARGE

The 2016 climate data report for Grand Rapids, Michigan, downloaded from National Oceanic and Atmospheric
Administration, indicates that the mean annual precipitation for the 80-year record period is approximately
36 inches. Precipitation that is not lost to surface run-off, evaporation, vegetation uptake and transpiration can
percolate to the groundwater table as groundwater recharge. Groundwater recharge at the Site was evaluated
based on published GIS data and streamflow records from the U.S. Geological Survey (USGS) Gauging Station
No. 04118500 located in the Rogue River.

2.2.1 Estimation of Groundwater Recharge from Published GIS Data

Stream baseflow estimates provide a means of estimating groundwater recharge because water entering a stream
basin discharges to the stream as baseflow. Baseflow estimates divided by the drainage areas are used as

! Unilateral Administrative Order for Removal Actions® (UAO) effective February 1, 2018, and U.S. EPA Administrative Settlement Agreement and Order on
Consent for Removal Actions (ASAOC) associated with the Former Wolverine Tannery and House Street Disposal site agreed upon by Wolverine and EPA on
October 28, 2019.



March 31, 2022

Final Tannery Interceptor System Response Activity Plan
Kent County, Michigan

File No. 16.0062961.01

Page 4 of 43

generalized groundwater recharge rate estimates. The Groundwater Inventory and Mapping Project, a
cooperative effort between the former MDEQ, USGS Michigan Water Science Center, and Michigan State
University, published estimated baseflow estimates and baseflow yields for Michigan stream segments using the
technical method documented in the USGS report entitled “Base Flow in the Ground Lakes Basin” (Neff, Day,
Piggott, & Fuller, 2005). Baseflow separations were performed on streamflow records for USGS stations in
Michigan with more than ten years of daily streamflow records as of the year 2000. A series of multivariate linear
regression models were developed to relate watershed characteristics to base flow estimates, such as land uses,
annual growing days, precipitation, winter precipitation, percentage of lacustrine deposits, percentage of till,
forest coverage, etc. Volumetric baseflow estimates were developed for stream segments. Based on the State-
wide Base Flow of Michigan Streams GIS data (Groundwater Inventory and Map Project, 2005), the total baseflow
for the entire Rogue River subbasin exiting to the Grand River is approximately 220 cubic feet per second (cfs),
and the baseflow vyield is approximately 0.86 feet per year (ft/yr). Baseflow yields were defined as baseflow
estimates divided by the drainage areas, which are approximately equal to groundwater recharge. As such, the
estimated groundwater recharge for the Rogue River drainage area is approximately 10.3 inches per year (in/yr).
The total base flow for Rum Creek drainage area, exiting to the Rogue River, is approximately 9.4 cfs, and the
baseflow yield is approximately 0.76 ft/yr. The estimated groundwater recharge for Rum Creek drainage area is
approximately 9 in/yr.

Base Flow of Michigan Streams GIS data indicates the annual groundwater recharge estimates for the Site and its
vicinity are 9 to 11 in/yr. These published baseflow and groundwater recharge estimates have their limitations
because the estimates were generalized over spatial variability and temporal variability, and the estimated values
are subject to uncertainties related to the baseflow separation technique used. However, the estimates provide
reference values for comparison and further evaluation.

2.2.2  Estimation of Groundwater Recharge from Streamflow Data

Daily stream flow records from the USGS Gauging Station No. 04118500, located in the Rogue River near
Packer Drive NE at Rockford, Michigan were evaluated. This gauging station is near the Rogue River confluence
to the Grand River. Using USGS’s Groundwater Toolbox software, baseflow separation using six different
methods? was performed on the daily streamflow records from 1988 to 2020. The average baseflow estimates in
cfs from the six methods were plotted below from 1988 to 2020. From 1988 to 2020, the average annual
streamflow rate measured at Gauging Station No. 04118500, located near Packer Drive NE at Rockford, Michigan,
was approximately 270 cfs (~170 million gallons per day [MGD]), and the average baseflow rate was approximately
210 cfs (~140 MGD).

2 Base-Flow Index (BFI) Standard, BFI Modified, Hydrograph separation program (HYSEP) Fixed Interval, HYSEP Sliding Interval, HYSEP
Local Minimum, and PART methods
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Figure 2-2: Annual Baseflow Estimates (USGS Gauge 04118500)

Based on the baseflow estimates and the drainage area, groundwater recharge for the drainage area represented
by the gauging station was estimated to range from 9 to 17 in/yr, with an average of 12 in/yr from 1988 to 2020.

The annual groundwater recharge estimates for the last five years, from 2016 to 2020, are summarized below.

Year Average Annual Groundwater Recharge Estimate, in/yr
2016 13
2017 12
2018 13
2019 17
2020 15

Table 2-1: 2016 to 2020 Annual Groundwater Recharge Estimates Based on Streamflow Records at USGS Gauge 04118500

As shown in the above table, the annual groundwater recharge estimate for 2019 is approximately 5 in/yr greater
than the historical average, and in 2020, the estimate is approximately 3 in/yr greater than the historical average.
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2.3 REGIONAL GEOLOGY

The unconsolidated geologic conditions in Kent County consist of a thick sequence of Pleistocene glacial deposits.
The glacial deposits in the county include till, outwash, and lacustrine deposits. Till occurs in end moraines and
ground moraines (till plains) interspersed on the surface throughout the County (Stramel, Wisler, & Laird, 1954).
For the area near the City of Rockford and Plainfield Township, the Michigan Glacial Land systems
(Groundwater Inventory and Mapping Project, 2015) indicate a proglacial outwash plain is present along the
Rogue River, and end moraines are present on either side of the Rogue River extending to the “wide” near the
Grand River. The ground moraine (till plain) and end moraine belong to the unstratified class of deposits,
composed of fine-to- coarse-grained material, including silt, sand, gravel, and boulders.

Bedrock consisting of the Mississippian-aged sandstone (Marshall formation), shale (Michigan formation), and the
Bayport limestone as well as the Pennsylvanian-aged Saginaw Formation underlay Kent County. Based on the
Hydrogeologic Atlas of Michigan (Western Michigan University, Department of Geology, 1981), the top of bedrock
elevation ranges from 500 to 550 feet near the City of Rockford; therefore, the overburden thickness ranges from
approximately 145 feet to approximately 205 feet.

2.4 SITE GEOLOGY

R&W/GZA's investigation activities indicated unconsolidated deposits include shallow fill and alluvial disturbed
soils overlying a relatively thick, unstratified sequence of sand and silt/clay which has been generally encountered
at depths of 10 to 20 feet below ground surface (bgs). The fill materials typically include sand and gravel containing
varying percentages of ash, brick, cinders, and other debris. Occasional peat was also encountered in borings
drilled at the Site. Bedrock has not been encountered in borings drilled to date with a maximum boring depth of
approximately 150 feet bgs.

Several geologic cross-sections were created based on the soil borings and well installation completed to date.
Sheet No. 1 includes the locations of the cross-sections and Sheet Nos. 2 through 5 for geologic cross sections I-I’
through VII-VII'. Groundwater monitoring well names are labeled on the cross-sections. PFOS concentrations in
micrograms per liter (ug/L), or parts per billion, are posted by the monitoring well screens for discussions in the
later sections. The posted PFOS concentrations were based on the groundwater quality data collected in 2018 or
earlier.

Underlying the surficial layer of fill material at the Site, the predominant geologic conditions across the Site are
characterized by sand and sand-and-gravel deposits with fine-grained soils, consisting of clay or silt. The thickness
and texture of the fine-grained deposits vary laterally and with depth. In some boreholes, fine-grained soils were
not observed, or the thickness of the fine-grained soil strata were less than those of coarse-grained soils, such as
sand or gravel. Thicker and more frequent encounters of fine-grained soils tend to occur on the northern portion
of the Site. In the area north of Rum Creek, fine-grained soils were encountered at approximately 5 to 8 feet bgs
in the majority of the soil borings. Generally, fine-grained soil appears to be unstratified, and the distributions
result in significant geologic heterogeneity throughout the unconsolidated deposits underlying the Site.

As noted in Section 2.1, excavations were conducted in nine areas at the Site in 2019 and 2020. Excavations were
backfilled with sand or sand and gravel. Excavation depths ranged from one foot in most areas east of the White
Pine Trail to 10 feet in one excavation located south of Rum Creek near Main Street (R&W/GZA 2021). Refer to
the “Implementation of 2019 Work Plan - Summary Report - Final, Wolverine World Wide Tannery 2019-2020
Work, Rockford, Michigan,” dated July 21, 2021, prepared by R&W/GZA (R&W/GZA 2021) for plan view and cross-
sectional view of the excavation areas and depths. Since the majority of the excavations were less than or equal
to 5 feet deep and located within the unsaturated zone; the relatively permeable and coarse-grained backfill
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materials are not expected to alter the groundwater flow pattern, and because of their limited areal coverage are
not expected to materially increase areal groundwater recharge.

2.5 REGIONAL HYDROGEOLOGY

The direction of regional groundwater flow is influenced by the primary surface water features of the Rogue River
and the Grand River drainage. Streamflow data from the USGS Gaging Station indicates that the Rogue River is a
gaining stream, a groundwater discharge zone. Therefore, the regional groundwater flow pattern within the
unconsolidated deposits in the vicinity of the Site is generally westerly, with discharge occurring to the river
immediately west of the Site.

2.6 SITE HYDROGEOLOGY

Groundwater monitoring wells were installed during previous investigation activities starting in 2011. Table No. 1
summarizes the groundwater monitoring well construction information. Currently, there are 81 groundwater
monitoring wells at the Site. See Sheet No. 6 for the monitoring well location plan.

Table 2 presents the water level data collected from Site monitoring wells in April 2019. Based on the April 2019
groundwater elevations and surface water stations, groundwater contours for the shallow aquifer were
interpreted. Sheet No. 7 depicts the interpreted groundwater contours. In addition, groundwater contours
interpreted from the recent September 2021 water level data are plotted in Sheet No. 8. As shown in
Sheet Nos. 7 and 8, the groundwater flow direction within the upper portion of the saturated zone is generally
from east-to-west, toward the Rogue River which is the primary groundwater discharge zone. Groundwater
proximate to Rum Creek appears to discharge to Rum Creek. The hydraulic gradient north of Rum Creek is flatter
than south of the Rum Creek. A groundwater mound is present in the central area of the Site south of Rum Creek.
The groundwater mound in April 2019 is more apparent than that of September 2021, likely due to greater
groundwater recharge in April 2019. The presence of the groundwater mound results in groundwater movement
toward Rum Creek to the north, the Rogue River to the west, and the southwest at the southern portion of the
Site. Groundwater flow patterns in the southwest corner of the Site in April 2019 appear to be less uniform than
those in September 2021, due to the relatively high groundwater elevation measured at TA-MW-313A. This
relatively high groundwater elevation is attributed to the fine-grained sediment observed within the well screen
interval combined with the effects of the relatively high precipitation recharge in April 2019. The September 2021
groundwater contours have been refined by the additional monitoring wells south of the Site. Except for the
localized variation near TA-MW-313A, the groundwater flow pattern is generally consistent from April 2019 to
September 2021, confirming that the 2019/2020 excavations and backfill did not materially affect the
groundwater flow at the Site.

Hydraulic conductivities measured via slug testing within monitoring wells screened above the low-permeability
unit range from less than 0.1 feet per day to greater than 10 feet per day. As shown in Sheet Nos. 7 and 8, the
average hydraulic gradient is approximately 0.006. Based on the average hydraulic gradient and the range of
hydraulic conductivities, the estimated groundwater seepage velocity ranges from 0.7 to 70 feet per year.

Groundwater elevations measured in the deeper monitoring wells are generally lower than those in the shallow
aquifer indicating that downward hydraulic gradients dominate across the Site. Downward vertical gradients are
common for unconfined aquifers. Localized exceptions to this condition were observed at the TA-MW-317B/C/D
and TA-MW-311C well clusters, where artesian conditions were observed. Both well clusters are located
northeast of the Site where confining fine-grained soil stratum occurs above the well screen intervals.
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Several deep monitoring wells are located close to the Rogue River. Preliminary evaluation indicates groundwater
flow in the deeper portions of the aquifer is to the west towards the Rogue River. The following table provides a
summary of the groundwater elevations in the deep zone wells in April 2019, as compared to the surface water
elevation measured in the Rogue River, 691.81 feet. Only the groundwater elevations measured at TA-MW-
309C/D are close to (but still lower than) the river water elevation. The groundwater elevations in the other deep
wells are more than 2 feet lower than that of the Rogue River.

Monitoring Well Groundwater Elevations, Feet
TA-MW-301D 689.41
TA-MW-303D 689.12
TA-MW-303E 689.14
TA-MW-309C 691.68
TA-MW-309D 691.67
TA-MW-310C 689.78
TA-MW-313B 687.03
TA-MW-313C 686.90

Table 2-2: Summary of Groundwater Elevations in Deep Zone Monitoring Wells, April 2019

2.7 CHEMICAL DATA

The only applicable pathway for PFAS compounds in groundwater at the Site is the GSI pathway. Therefore,
groundwater quality data are evaluated and compared to the Part 201 generic GSI criteria. See attached Table 3
for a summary of the 2019 and 2021 groundwater quality data. Refer to R&W/GZA, 2019 for the groundwater
quality data collected in 2018. Note that the 2019/2020 excavation activities, while not driven by PFAS
concentrations, removed 10,748 cubic yards of PFAS-contaminated material from the Site and thereby reduced
the source material available for leaching to groundwater.

Based on spatial distribution and concentrations relative to the generic GSI criterion, PFOS is the controlling
analyte designing the extent of the groundwater interceptor system.

R&W/GZA prepared summary tables and two-dimensional isoconcentration figures for compounds in
groundwater that exceed GSI criteria (R&W/GZA, 2019). The extent of PFOS concentrations exceeding the GSI
criteria, based on the on-Site groundwater quality data, is included as Figure 2-3 below. Sheet Nos. 2 through 5
present maximum PFOS concentrations (pg/L) in the groundwater monitoring wells used to construct cross-
sections I-I" through VII-VII'. As shown in Figure 2-3, higher PFOS concentrations were in the area near Rum Creek,
south of Rum Creek, and along the Rogue River. As shown in Sheet Nos. 2 through 5, PFOS was primarily present
in the upper 10 feet of the saturated section, corresponding to approximate elevations of 680 to 690 feet.
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Figure 2 3: Extent of PFOS in Groundwater

Downward migration of PFOS from the upper groundwater zone is mostly affected by the presence or absence of
fine-grained deposits that impede downward migration. For example, the presence of clay and silt observed at
well cluster TA-MW-303A/E limits the relatively higher PFOS concentrations to above an elevation of
approximately 672 feet; the presence of clay and silt in TA-MW-313 and TA-MW-316 well clusters limit the
relatively higher PFOS concentrations to above an elevation of approximately 687 feet. On the other hand, the
lack of fine-grained soils or relatively thin stratum of fine-grained soil allow the vertical migration of PFOS within
the groundwater. Due to the relatively thin strata of fine-grained soils in well cluster TA-MW-309, relatively higher
PFOS concentrations were detected in well cluster TA-MW-309 from the shallow saturated zone to an elevation
of approximately 650 feet. The vertical distribution of PFOS will be taken into consideration during the design of
the groundwater interceptor system.

3.0 IN SITU EVALUATION OF SITE HYDRAULIC PROPERTIES

To evaluate hydraulic properties of the upper groundwater section, three pumping tests were performed at
extraction wells TA-RW-1, TA-RW-2, and TA-RW-3 in May 2019. Pressure transducers were installed in the
extraction wells and the nearby groundwater monitoring wells to measure water level changes before, during and
after the pumping. Barometric pressures were measured and compensated. Sheet No. 1 indicates the locations
of the existing extraction wells and the existing and former monitoring wells.

Table 3-1 provides a summary of the pump start-up, shutdown, pumping rates in gallons per minute (GPM) and
the list of the monitoring wells observed to have drawdowns greater than 0.3 foot for pumping test interpretation.
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List of Monitoring Wells

Extraction Well Pumping Rate, GPM Pumping Start Pump Shut-off e P T
TA-RW-1 2.9 5/6/2019 12:00 PM 5/8/2019 12:12 PM TA-PMW-1 and TA-MW-2
TA-RW-2 0.25 5/13/2019 12:30 PM | 5/15/2019 3:50 PM TA-PMW-2 and TA-MW-1
TA-RW-3 3.5 5/20/2019 1:32 PM | 5/22/2019 2:08 PM TA-PMW-3 and TA-PMW-6

Table 3-1: Summary of Pumping Test Periods

Soil boring logs and well installation logs for TA-RW-1 through TA-RW-3, and TA-PMW-1 through TA-PMW-9 and
combined summary plots of the water level response data for each of the pumping tests are in Appendix B.
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Software AQTESOLVE by HydroSOLVE, Inc. of Reston, Virginia was used to perform pumping test analysis. The
drawdowns and the derivatives of the drawdowns are plotted in Figure Nos. 3-2 through 3-4. Figure 3-2(a)
through Figure 3-2(c) present the log-log plots of drawdowns and derivatives, along with pumping test solution
matching type curves. The derivative plots indicate the effect of non-instantaneous drainage at the water table,
the presence of low permeability zones limiting the cross-sectional groundwater flux areas, and potentially non-
permeable boundary in the direction of TA-MW-2 as the stress of pumping propagates further.
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Figure 3-2: TA-RW-2 Test Drawdown and Derivative Plots: (a) TA-RW-2 (b) TA-PMW-2 (c) TA-MW-1

Figures 3-3(a) through Figure 3-3(c) presents the log-log plots of drawdowns and derivatives, along with pumping
test solution matching type curves for the TA-RW-2 test. Figures 3-3 (a) through 3-3 (c) show the wellbore skin
effect at the extraction well, non-instantaneous drainage at the water table, and non-homogeneous nature as the
effect of pumping propagating further.
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Figure 3-3: TA-RW-3 Test Drawdown and Derivative Plots: (a) TA-RW-3 (b) TA-PMW-3 (c) TA-PMW-6

Figures 3-4 (a) through 3-4 (c) indicate wellbore skin effect at the extraction well, non-instantaneous drainage at
the water table, and non-homogeneous nature as the effect of pumping propagating further.

The drawdown and the derivative data were matched with the type curves of unconfined Neuman solutions
(Neuman, 1975) or unconfined Moench solutions (Moench, 1997). The unconfined Neuman solution is
appropriate for anisotropic, homogeneous, unconfined aquifer, fully or partial penetration with instantaneous
drainage at the water table. The unconfined Moench solution is similar to the Neuman solution, except for the
introduction of the non-instantaneous drainage parameter. The Neuman solutions were attempted for all the
extraction wells and the observation wells, but for some wells where non-instantaneous drainage occurred, the
Moench solutions provide a better fit to the data as shown in Figures 3-2 through 3-6.

Overall, the pumping test results reflect the variable hydraulic properties and general heterogeneity of the shallow
groundwater flow system at the Site as observed in numerous borings drilled across the Site. Table 3-2 provides
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a summary of the interpreted hydraulic conductivity, storage coefficient, specific yield, and the ratio of vertical
hydraulic conductivity to horizontal hydraulic conductivity as derived from the pumping tests.

Test/bservaion well | X0 . | sy | SPeciieYield | o e conductiity (k)

TA-RW-1 Test

TA-RW-1 2.1 Not Used 3.0E-01 0.05
TA-PMW-1 8.8 1.0E-05 1.0E-03 0.10
TA-MW-2 33 3.6E-04 5.7E-02 0.10
TA-RW-2 TEST

TA-RW-2 0.1 Not Used 3.0E-01 1.0
TA-PMW-2 1.6 1.6E-05 4.1E-03 0.01
TA-PMW-8 0.06 3.6E-04 1.7E-02 1.0
TA-MW-1 0.02 1.5E-04 6.7E-03 0.78
TA-RW-3 TEST

TA-RW-3 5.1 Not Used 5.6E-02 0.22
TA-PMW-3 6.8 1.0E-06 1.3E-01 0.21
TA-PMW-6 6.5 1.0E-07 9.2E-03 0.03

Table 3-2 - Summary of Interpreted Results

The interpreted hydraulic conductivity values of the TA-RW-1 and TA-RW-3 tests appear to be consistent and
provide a reliable value for the coarser-grained deposits. These values are approximately one order of magnitude
less than the typical values for a clean sand and gravel aquifer. The lower hydraulic conductivity values are
attributed to increased percentages of finer-grained material in the well screen intervals and near the extraction
wells. The interpreted hydraulic conductivity values of the TA-RW-2 test are lower than those of TA-RW-1 and
TA-RW-3 because the proportion of fine-grained soil in TA-RW-2 borehole is greater than those observed near
TA-RW-1 and TA-RW-3. The pumping test solutions assume a homogeneous aquifer. For the non-homogeneous
aquifer at the Site, the pumping test results represent scaled-up, average values for the zone of investigation
affected by the pumping stress. The interpreted hydraulic conductivity values provide a range for subsequent
groundwater modeling input and calibration.

The storage coefficient values from the pumping wells were not used because observation well data generally
provides a better estimate for the storage coefficient. In addition, for unconfined aquifers, the drawdown
response is largely controlled by hydraulic conductivity and specific yield. The effect of elastic storage and
dewatering represented by the storage coefficient is limited to the early part of the test, and generally negligible
as compared to the effect of delayed water table response as represented by specific yield. For subsequent
modeling input, a typical literature value of 2E-4 will be used for the storage coefficient.

The interpreted specific yields vary from 0.001 to 0.3. Fine-grained deposits typically have lower specific yield
values than coarse-grained. In addition, unreasonable lower specific yield values are often obtained from
unconfined pumping test solutions, such as the Neuman solution that excludes the effect of flow in the capillary
fringe, while a Theis solution fitted to the late segment of the drawdown curve generally provides reliable
estimates of specific yield (Kruseman & Ridder, 1994). The specific yield obtained from the TA-RW-1 test, using
Theis solution, is 0.3. For subsequent modeling input, typical literature values ranging from 0.01 to 0.3 will be
used.
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4.0 GROUNDWATER MODELING OBJECTIVES

The objective of this modeling study was to develop a three-dimensional groundwater flow model from which
initial design parameters of a groundwater interceptor system that effectively prevents Site groundwater from
discharging to the Site surface water features can be developed. R&W/GZA has revised and refined the model
inputs based on EGLE’s comments in its letter dated August 17, 2021, the majority of which focused on technical
aspects of the model as described in Sections 5.0 through 7.0.

5.0 SELECTED MODEL

The USGS MODFLOW, a three-dimensional finite difference numerical modeling software, was used to perform
groundwater flow simulations, and USGS MODPATH to perform particle tracking. These software packages are
publicly available, peer-reviewed models that are widely accepted by regulatory agencies world-wide.
Aguaveo’s Groundwater Modeling System software is used as the pre- and post-processor.

6.0 REGIONAL GROUNDWATER MODEL SETUP

A regional groundwater model, from Shaw Creek to the north and to Barkley Creek to the south, from the
Rogue River to the west, and Wolverine Boulevard to the east, was first set up to evaluate regional groundwater
flow (Figure 6-1). The eastern boundary near Wolverine Boulevard was prescribed as an artificial constant-
elevation groundwater boundary. The location was selected based on the county-wide estimated groundwater
elevation contours. Its distance to the Site is significantly greater than the Site size; therefore, boundary effects
are expected to be negligible to the Site area groundwater elevation and flow. Surface water elevations were
based on Kent County LiDAR data (Sanborn, 2014) and adjusted per R&W/GZA’s April 2019 water level
measurements collected at surface water gaging station SW-042 during the pumping tests. The elevations from
the LiDAR data provide a set of synoptic data for the surface water elevations. The SW-04 data was used as a
reference point, and the synoptic data set was adjusted based on the difference in water elevations at SW-04
between the LiDAR data and the measured data on May 5, 2019, prior to the pumping test. Figure 6-1 provides
the model domain and the input surface water boundary types and elevations.

A model grid size of 30 by 30 feet was used horizontally. The vertical model grid extends from the ground surface
to an elevation of 560 feet. Six model layers were used with a layer thickness of approximately 20 feet for the top
four layers, and approximately 25 feet for the fifth and sixth model layers. As an initial regional model, the model
domain was assumed to be homogeneous, represented by one single value of horizontal hydraulic
conductivity (Kh), vertical hydraulic conductivity (Kv), and groundwater recharge was assumed to be uniform.

The April 24, 2019 elevation data was used as calibration targets. The hydraulic conductivity and groundwater
recharge were set as calibration parameters. The ranges of hydraulic conductivity were based on the pumping
test results. The range of groundwater recharge was based on “Estimated of Annual Groundwater Recharge”
(Groundwater Inventory and Mapping Project, 2005). The software “PEST” (Doherty, 2021), an inverse parameter
estimation tool, was used with MODFLOW. PEST directs MODFLOW to run with numerous combinations of Kh,
Kv, and groundwater recharge until it establishes the optimal calibration values of Kh, Kv, and groundwater
recharge. The calibrated values are achieved when the sum of squared residuals between the field measured

3 SW-04 is the same location as TA-RP-04.
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groundwater elevations and model calculated groundwater elevations are minimized. Table 6-1 provides the
input ranges and the PEST calibrated values:

Parameters Minimum Value | Maximum Value | PEST Calibrated Value
Horizontal Hydraulic Conductivity (Kh), ft/day 0.10 100 4.8
Vertical Anisotropy (Kh/Kv) 1.0 50 2.3
Groundwater Recharge, inches/year 9.0 12 12

Table 6-1: Regional Model Calibration Parameters

Figure 6-2 presents the model calculated groundwater elevation contours using the PEST calibrated value.

The regional model elevation results were transferred to a local model, which is focused on the Site area and its
vicinity. The vertical model grid layers remain the same. The artificial model boundaries to the north, south and
east were set as constant elevation boundaries for the local model and the groundwater elevations from the
regional model at these boundaries were overlaid to the local model as constant elevation values. Figure 6-3

presents the local model domain.
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7.0 LOCAL GROUNDWATER FLOW MODEL

The local model setup, input parameters, and calibration are discussed in this Section. See Figure 6-3 for the local
model domain.

7.1 LOCAL MODEL SETUP

USGS’ MODFLOW-Unstructured Grid Version (MODFLOW-USG) was used for the local model. Quadtree grids as
fine as 3 feet were used in the areas close to the Rogue River and Rum Creek. The grid sizes increase outside of
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the focused area to reduce total cell numbers and computation time. The vertical model grid layers remain the
same as the regional model, and the model layer top and bottom elevations were mapped to the local model.
Groundwater elevations data were collected in April 2019 and September 2021. Considering the availability of
groundwater recharge estimates for 2019, and April 2019 being a relatively wet and high groundwater recharge
month, the April 2019 groundwater elevation data set was used as a conservative input for model calibration.

7.2 GROUNDWATER RECHARGE ESTIMATES

Historical annual groundwater recharge is discussed in Section 2.2. From the daily streamflow records at USGS
Gauge 04118500, groundwater recharge in April 2019 was estimated to be approximately 19 in/yr. As discussed
in Section 2.2, groundwater recharge for the Rum Creek drainage area was expected to be less than that of Rogue
River. Therefore, groundwater recharge at the Site area is expected be slightly less than 19 in/yr in April 2019 and
represents a conservative recharge figure for the Site. Note that higher recharge values in the model will translate
to proportionately higher design rates for groundwater pumping to meet the hydraulic capture objective of the
interceptor system.

7.3 SURFACE WATER ELEVATION

Surface water elevations for the model inputs were estimated using water level measurements at several shallow
river piezometers (TA-RP-1 through TA-RP-5) in the Rogue River sediment and were measured using a staff gauge
(TA-SG-RC) in Rum Creek. See Figure 7-1 below for the locations of the measurement points.

A

Legend

C River Piezometer/Staff Gauge

\

o s
Scale in Feet

Figure 7-1: Locations of Surface Water Elevation Measurements Stations

Historical surface water elevations measured from 2013 to 2017 are plotted below:
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Figure 7-2: Historical Surface Water Elevations

As shown in Figure 7-2, the elevation readings at TA-RP-2 through TA-RP-5 show strong correlation to those of
TA-SG-RC. The average surface water elevation at TA-SG-RC is approximately 0.1 foot higher than those of TA-RP-2
through TA-RP-5. The surface water elevations at TA-RP-1, the southernmost location, as expected, were lower
than TA-SG-RC, and TA-RP-2 through TA-RP-5. The average surface water elevation at TA-RP-1 is approximately
0.6 foot lower than TA-SG-RC. The average differences between TA-SG-RC and other river piezometers were used
to extrapolate the measurement at TA-SG-RC to the other river piezometers for the Rogue River water elevation
input in the local model.

Other surface water elevations were based on Kent County LiDAR data (Sanborn, 2014) and adjusted per
R&W/GZA’s April 2019 water level measurements collected at the on-Site surface water gaging station in Rum
Creek. The elevations from the LiDAR data provide a set of synoptic data for the surface water elevations. The
SG-RC data was used as a reference point, and the synoptic data set was adjusted based on the difference in water
elevations at SG-RC between the LiDAR data and the measured data in April 2019.
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7.4 LOCAL MODEL CALIBRATION TARGETS

The groundwater elevations in April 2019 were used as calibration targets (See Table No. 2). In the absence of
daily streamflow records in Rum Creek, baseflow discharged to Rum Creek was estimated and used as an
approximate flow target.

A hydrologic analysis based on the Lidar bare earth elevation GIS data was performed to estimate the drainage
area for the segment of Rum Creek within the local model. The actual drainage area for the segment is expected
to extend beyond the model area; therefore, the base flow may be greater. But the majority of the drainage area
for the segment is within the model area; therefore, the percent of error is expected to be small. The baseflow
yield for Rum Creek from the State-wide Base Flow of Michigan Streams GIS data (Groundwater Inventory and
Map Project, 2005), 0.76 ft/yr was multiplied by a ratio of 1.6 to reflect the relatively higher groundwater recharge
in April 2019. The ratio of 1.6 was estimated from the groundwater recharge estimate of 19 in/yr for April 2019
divided by the historical average groundwater recharge of 12 in/yr estimated from the USGS Gauge from 1988 to
2020. With the estimated drainage area and the adjusted baseflow yield, the baseflow venting to Rum Creek for
the segment within the model was estimated to be 5,210 cubic feet per day. This value will be used as a calibration
target, along with the April 2019 groundwater elevations. The input parameters used in the estimation are
summarized below.

Parameters Symbol Unit Value
Estimated Drainage Area for the Rum Creek Segment in Local Model A Square Foot 1,563,890
Estimated Base Flow Yield for Rum Creek (Groundwater Inventory and Y Ft/yr 0.76
Map Project, 2005)
Historical Average Groundwater Recharge (USGS Gauge) Rave In/yr 12
April 2019 Groundwater Recharge (USGS Gauge) R In/yr 19
Ratio of April 2019 Groundwater Recharge to Historical Average R/Rave Unitless 1.6
Groundwater Recharge
Estimated Baseflow to the Rum Creek Segment in Local Model Qpase Cubic foot per day 5,200

Table 7-1: Estimation of Base Flow to the Rum Creek Segment in Local Model

A similar estimation for the segment of the Rogue River in the local model was not attempted because the
drainage area west of the Rogue River is beyond the local model area. It is difficult to estimate the baseflow
contribution from the local model area to the Rogue River segment. However, the estimated baseflow for Rum
Creek is expected to provide a useful constraint to flow, and therefore improve the model calibration. In addition,
the total in-flow from recharge for the Site area will be reviewed against the groundwater recharge estimates
from the USGS gauge in April 2019 as another calibration check.

7.5 CALIBRATION PARAMETERS

Based on initial groundwater modeling runs and stochastic evaluation of geology, the non-homogeneous nature
of the saturated zone was the controlling factor for model calibration. To improve calibration quality, pilot points
of hydraulic conductivity, vertical anisotropy, and groundwater recharge were used as calibration parameters to
allow for spatially varied arrays of horizontal hydraulic conductivity, vertical anisotropy, and groundwater
recharge. Pilot points in the Site area were spaced at approximately 180 feet, and in the area south of the Site at
approximately 360 feet to reduce computation time. See Figure 7-3 for the pilot point locations for horizontal
hydraulic conductivity in model Layer 1.
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Figure 7-3: Pilot Points for Horizontal Hydraulic Conductivity, Model Layer 1

Three pilot points were added where the pumping tests were performed, TA-RW-1, TA-RW-2, and TA-RW-3, and
the interpreted hydraulic conductivity at TA-PMW-1, TA-PMW-2 and TA-PMW-3 were input and the values fixed.
The ranges of the pilot point values were as follow:

Parameters Initial Value Minimum Maximum
Horizontal hydraulic conductivity (ft/day) 8 0.1 100
Vertical anisotropy 1 1 30
Recharge (in/yr) 12 9 20

The automated calibration software “PEST” (Doherty, 2021) was used for model calibration runs using key
parameter constraints. PEST directs MODFLOW to run with numerous combinations of Kh, Kv, and groundwater
recharge until the sum of squared residuals between the observed elevation or flow targets and model calculated
elevations and flow rates are minimized. Manual trial and error methods were also used to adjust parameter
values. Preferred homogeneous regularization was used to provide additional restrains for the PEST runs. A
Singular value decomposition-assisted parameter estimation option was selected to reduce computation time.

7.6 CALIBRATION RESULTS

The computed groundwater elevations, or hydraulic heads, were compared to the observed elevations and
plotted in Figure 7-4. See Table No. 4 for a summary of the computed groundwater elevations versus the observed
groundwater elevations. Out of the 63 observation targets, the computed elevations of 50 wells are within 1 foot
of the observed elevations. For five wells, the differences between the computed and the observed elevations
were more than two (2) feet, but less than three (3) feet. The list of the wells with more than 2-foot elevation
differences include TA-MW-303D, TA-MW-303E, TA-MW-313A, TA-MW-313B, and TA-MW-313C. See Figure 7-5
for the calibration elevation residual map.
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Figure 7-4: Computed Vs. Observed Hydraulic Elevations

The resulting root mean squared errors of the modeled versus observed groundwater elevations is less than 1
foot, indicating a reasonable match with the observed elevations, although some minor deviations were noted.
In reviewing the comparison of modeled versus observed groundwater elevations, the greatest variations appear
to correlate to geologic and hydrogeologic variations across the Site. These include the following:

e For the TA-MW-303 well cluster, the computed elevations of the shallower wells TA-MW-303A/B/C match
reasonably well with the observed data. However, the higher computed elevations in TA-MW-303D/E are
likely due to the well screens of TA-MW-303D/E being separated from the upper saturated zone by a stratum
of fine-grained soil approximately 20 feet in thickness. The observed elevations in TA-MW-303D/E are more
than 3 feet below that of wells TA-MW-303A/B. Again, the hydraulic effects of the fine-grained soil stratum
near TA-MW-303 cluster were not modeled by the hydraulic conductivity arrays due to the coarse distribution
of pilot points. Therefore, in the model, monitoring wells TA-MW--303D/E exhibit influence from Rogue River
resulting in higher computed elevations than the observed elevations.
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e  For monitoring well TA-MW-313A, the majority of the well screen is within fine-grained soil resulting in poor
hydraulic connection to the adjacent saturated zone and the Rogue River (See Section 2.6). The observed
elevation at TA-MW-313A appears to be slightly higher than that of Rogue River in that area. Monitoring wells
TA-MW-313B/C are separated from the shallow zone by a stratum of fine-grained soil approximately 30 feet
in thickness. The elevations are not influenced by the Rogue River, and the measured groundwater elevations
are more than 5 feet less than that of TA-MW-313A. Due to relatively coarse distribution of the pilot points,
the averaged hydraulic conductivity in the model is greater than that of fine-grained soil at TA-MW-313
cluster; therefore, the model computed elevations at TA-MW-313 cluster exhibit more influence by the Rogue
River than in the observed field condition, resulting in the more than 2 feet of difference in these wells.

The higher hydraulic conductivity values modeled in these two areas result in the model utilizing a greater influence
of the Rogue River than observed in the field. As such, the system is conservatively designed with a higher pumping
rate than may be necessary to achieve the capture objectives of the interceptor system.
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Figure 7-5: Calibration Elevation Residuals

The model computed elevations at the observation wells were used to plot groundwater contours and compare
the modeled groundwater elevations to actual observed flow conditions, using SURFER® contouring software.
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Figure 7-6: Groundwater Contours of the Computed Elevations vs. the Observed Elevations of April 2019

As shown in Figure 7-6, both contour maps show groundwater discharges to Rum Creek from either side of the creek,
with steeper hydraulic gradient from the south. A groundwater mound in the central part of the Site south of
Rum Creek, results in groundwater movement to the west and southwest toward the Rogue River. The
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groundwater flow patterns in the southwest corner of the property differ slightly between the observed and the
computed elevations because the observed groundwater elevation in TA-MW-313A is affected by the presence of
finer-grained soil, lower hydraulic conductivity, and poor hydraulic connection to the surrounding saturated zone.
Note that this localized flow pattern in the southwest corner of the Site was not observed in the September 2021
groundwater contours and may reflect a temporal condition that occurs following a period of increased recharge
and groundwater elevation. Overall, the modeled groundwater contours and flow directions are generally
consistent with the observed groundwater contours.

Another output of the calibrated model is the computed groundwater flow discharged to Rum Creek. Within the
local model area, the model groundwater discharge to Rum Creek is approximately 4,920 cubic feet (~37,000
gallons) per day as compared to the observed estimate of 5,210 cubic feet (~39,000 gallons) per day. The modeled
value is within approximately 6 percent of the targeted value.

To calculate a water mass balance or flow budget for the Site using the model, a zone matching the Site area was
designated as Zone 2, and the remaining local model domain outside of Zone 2 labeled as Zone 1, as shown in
Figure 7-7. The extent of Zone 2 was selected to include the estimated extent of PFOS exceeding GSI criteria in
groundwater, which is the target for capture zone, and the extent of the extraction well coverage during design
phase modeling.

A\ | |Legend
W= \ \ |Flow Budget Zone

/M\// \
= \ \ =
\ v\ Zone 2
AN e’ —\ \ ! : \
\/ == \ 0 75\ 150 300
\ \//\ \ Scale in Feet

\
//\

Figure 7-7: Flow Budget Zone

The model calculated flow budget, or mass balance, for the Site Area (Zone 2) from all the model layers (Layer 1
through Layer 6) is summarized below.
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Parameter Flow, ft3/d
Inflows:
Constant Elevation (Upgradient, East
Boundary 4898
River Leakage 0
Recharge 2097
Zone 1to Zone 2 6761
Total Inflows 13756
Outflows:
Constant Elevation (To Rogue River) 3348
River Leakage (To Rum Creek) 1032
Recharge 0
Zone 2to Zone 1 9370
Total Outflows 13751
SUMMARY:
Inflow - Outflow 5.5
Percent Discrepancy 0.04%

During the PEST calibration run, groundwater recharge, like hydraulic conductivity, is spatially varied with the use
of pilot points. For the groundwater recharge averaged over Zone 2, the recharge volumetric flow rate (2097 ft3/d)
was divided by the Zone 2 area, and calculated to be approximately 15.2 in/yr. Itis approximately 6.2 in/yr greater
than the estimate from the published baseflow yield of 0.76 feet per year (9 in/yr) in Rum Creek, as estimated
from the historical average of the area representing the Site. The groundwater recharge estimate of 19 in/yr from
the USGS Gauge for April 2019 is approximately 7 inches more than the average groundwater recharge of 12 in/yr.
Using the 7 in/yr difference as a calibration target, the calibrated groundwater recharge matches reasonably well.
The groundwater recharge in the calibrated model also represents the higher end of the likely range, which
provides a conservative flow estimate for the treatment system design.

8.0 GROUNDWATER INTERCEPTOR SYSTEM EVALUATION

The local model was used to evaluate several interceptor system design scenarios using a network of groundwater
extraction wells with the following evaluation criteria:

e Technical Feasibility: The performance objective of the groundwater interceptor system is to generate
coalescing drawdown and inward hydraulic gradients that intercept groundwater flow and effectively prevent
groundwater discharge to Rum Creek and the Rogue River. The hydraulic capture zone of the system is
designed to provide spatial coverage over the extent of the groundwater plume extending near the GSI and
capture the extent of the vertical plume that currently enters the Rogue River. In addition, the system will be
designed to minimize the amount of induced recharge from Rum Creek and the Rogue River back into the Site
groundwater system.

e Implementability: The system design is implementable in terms of the system construction and treatment
system flow capacity. In addition, the flexibility of system modification in the future should be considered
due to the variable productivity of individual extraction wells that compose the interceptor system and results
from the heterogeneous nature of subsurface conditions underlying the Site.
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As discussed in Section 2.7, PFOS was primarily present in the top 10 feet of groundwater, approximately from
elevations 680 to 690 feet (approximately 5 to 15 feet bgs). PFOS concentrations differ by elevation, depending
on lithology and location on-Site. Particularly relevant to the evaluation in this section, PFOS concentrations at an
elevation of approximately 672 feet in the area south of Rum Creek, and an elevation of approximately 685 feet
in the area north of Rum Creek, are meaningfully different than the PFOS concentrations at other elevations in
those areas. Similarly, the lack of fine-grained soils or relatively thin stratum of fine-grained soil in some portions
of the Site allows vertical PFOS migration in the groundwater, in vertical intervals from elevations 680 to 650 feet
in the southern part of the Site.

Vertically, the interceptor system would be designed to capture the shallow and deep groundwater zones as
follows:

1. Above elevations 685 feet north of Rum Creek:

2. Above elevations 670 feet south of Rum Creek and along the Rogue River; and

3. Inthe deep saturated zone from 670 to 650 feet in the southern part of the Site, along the Rogue River.

8.1 INTERCEPTOR SYSTEM DESIGN

R&W/GZA conducted numerous modeling runs to balance extraction rates with effective hydraulic control while
minimizing induced recharge from both surface water bodies. Based on combining the model output with the
performance objectives, optimal performance of the interceptor system is achieved using both a shallow and deep
extraction well network consisting of the following elements:

1. For the Site area north of Rum Creek, five shallow groundwater extraction wells screened from elevations of
approximately 690 to 680 feet; three of which will be placed along the Rogue River and two along Rum Creek.

2. For the Site area south of Rum Creek, the extraction wells will consist of 14 shallow extraction wells screened
from elevations of approximately 690 to 670 feet; and

3. Also south of Rum Creek, three deep extraction wells will be screened from elevations of approximately 670
to 650 feet.

Sheet No. 9 presents the proposed well layout. During drilling and installation, the well screen positions will be
adjusted, and additional wells may be added based on field observations of lithology at individual locations.

The design flow rates of the 22 extraction wells as referenced on Sheet No. 9 are provided in the following table
and basis of flow rates described below.

WELL Screen Zone Flow Rate, GPM
EW-1 S 3
EW-2 3
EW-3 S 4
EW-4 S 2
EW-5 S 2
EW-6 S 3.5
EW-7 S 2.5
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WELL Screen Zone Flow Rate, GPM

EW-8 S 1
EW-9 S 2
EW-10 S 2
EW-11 S 2.5
EW-12 S 2.5
EW-13 S 2.5
EW-14 S 2.5
DEW-15 D 2.5
EW-16 S 2
EW-17 S 3
EW-18 S 2
DEW-19 D 1
EW-20 S 1
DEW-21 D 1
EW-22 S 1

Total Flow Rate 48.5

Table 8-1: Extraction Well Design Flow Rates

The design flow rates were obtained through numerous modeling trials with the goal of preventing groundwater
from venting to the Rogue River while minimizing pumping water from the Rogue River. The calibrated
groundwater model was used to simulate various well layouts and pumping rates. During the modeling trials, the
model calculated groundwater contours and drawdowns were reviewed. Particle tracking software
MOD-PATH3DU was used to perform forward particle tracking upgradient of the Site in model Layers 1 through 4.
The capture zones of the individual wells were reviewed. Reverse particle tracking from the extraction wells was
used to evaluate the coalescing drawdowns and extent of the hydraulic capture zone. See Section 8.2 for a
summary of the capture zone evaluation. The model calculated total pumping rates from the 22 extraction wells
was approximately 49 GPM.

8.2 CAPTURE ZONE EVALUATION

This section provides a summary of the capture zone evaluation for the proposed extraction well system. The
forward particle tracking pathlines, along with model computed groundwater contours, for model Layers 1
through 4 are depicted in Figures 8-1 through 8-4. The following table provides a summary of the approximate
model layer top and bottom elevations at the Site area.

Model Layer Top Elevation Bottom Elevation
1 695 672
2 672 653
3 653 632
4 632 608
5 608 584
6 584 560
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The particles were released in the model in their starting positions. The model calculated pathlines (dark blue on
Figures 8-1 through 8-5) indicate the particle travel paths, and the end of a particle pathline usually indicates
groundwater flow sinks, such as extraction wells, drains, or rivers. A particle pathline stops at an extraction well

when it is hydraulically captured by the well.
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Figure 8-1: Model: Model Computed Forward Particle Pathlines, Layer 1, Elevations from Approximately 672 to 695 feet.
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As shown in Figure 8-1, the modeled effects of the interceptor system show coalescing drawdowns from individual
extraction wells and an inward hydraulic gradient that intercepts groundwater flow to Rum Creek and Rogue River
in model Layer 1.
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Figure 8-2: Model Computed Forward Particle Pathlines, Layer 2, Elevations from Approximately 653 to 672 feet.

As shown in Figure 8-2, similarly as in Layer 1, the interceptor system shows modeled effectiveness in creating
inward hydraulic gradients that intercept groundwater flow to Rum Creek and Rogue River in model Layer 2.
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Figure 8-3: Model Computed Forward Particle Pathlines, Layer 3, Elevations from Approximately 632 to 652 feet.

As shown in Figure 8-3, the interceptor system is also able to create an inward hydraulic gradient and intercepts
groundwater flow to Rum Creek and Rogue River in model Layer 3.
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Figure 8-4: Model Computed Forward Particle Pathlines, Layer 4, Elevations from Approximately 608 to 632 feet.

As shown in Figure 8-4, the interceptor system is also able to create inward hydraulic gradients and intercept
groundwater flow to Rum Creek and Rogue River in model Layer 4.

To review the modeled pathline in vertical profile, the vertical capture zone reaches to Layer 4 (Bottom Elevation
608 feet.) as shown in Figure 8-5.
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Figure 8-5: Model Computed Pathlines, West-East Cross-Section Profile, Through EW-14 Clusters

The particle pathlines indicate the designed well layout and pumping rates are expected to provide hydraulic
capture of the extent of PFOS in groundwater on-Site and prevent groundwater from venting to the surface water.

The above extraction well layout and design was modeled using the calibrated model, which has approximately
15.2 in/yr groundwater recharge, representing a reasonable high end of the groundwater recharge range. Under
high recharge rates, greater groundwater pumping rates are needed to intercept groundwater flux and prevent
groundwater from venting to the Rogue River. The use of April 2019 groundwater recharge is conservative (i.e.,
results in higher groundwater extraction rates) relative to average recharge conditions. Under low recharge
conditions, extraction wells located in areas of relatively low hydraulic conductivity may be pumped dry. If this
happens, additional extraction wells with relatively low pumping rates will be required to provide hydraulic
capture. To examine modeled groundwater capture sensitivity to recharge value, the same well layout was also
evaluated with a lower groundwater recharge rate of 9.1 in/yr average, which was based on the baseflow yield of
Rum Creek (Groundwater Inventory and Map Project, 2005). A multiplier of 0.6 was used in the recharge module
of the calibrated model to simulate the lower recharge scenario. The modeling result indicates total pumping rate
of 45 GPM, and the capture zone and flow pathlines are similar to those presented in Figures 8-1 through 8-5.

9.0 GROUNDWATER INTERCEPTOR AND TREATMENT SYSTEM DESCRIPTION

This section provides a description of the interceptor system, the placement and instrumentation of piezometers
to measure and document that the performance objectives are being met and the treatment system components.
As construction details and drawings are developed, some components are subject to change.
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9.1 INTERCEPTOR SYSTEM

9.1.1 Extraction Wells

The shallow extraction wells north of Rum Creek will be screened from elevation 680 to 690 feet; the shallow
extraction wells south of Rum Creek will be screened from elevation 670 to 690 feet. The deep extraction wells
will be screened from elevation 650 to 670 feet. The locations and the screen intervals will be adjusted during
installation, based on the soil conditions observed during drilling. See Sheet No. 9 for the proposed extraction
well location plan.

Each extraction well (EW) will be constructed of a 4-inch diameter, stainless steel, No. 20 slotted wire-wrapped
screen. Filter pack sand will be filled to approximately two to three feet above the top of the well screen, followed
by a bentonite plug. The remaining annulus will be filled with bentonite/cement grout. During detailed design
phase, the filter pack sand specifications and well screen slot sizes may be changed based on field observations of
lithology and grain size analysis.

9.1.2 Pumps

A pump will be installed in each EW, and the pump outlet will be connected to a flexible hose seated in a pitless
adapter that connects to the manifold piping. A flow meter, flow control valve, and pressure switch will be
installed at each manifold. The manifold piping will be connected to the main piping run. Heat cables are wrapped
around the manifold piping to keep pipes from freezing in cold temperatures. A thermostat will be installed to
control the heat cables, which are powered by a ground fault interrupter (GFI) breaker. In the event of a breaker
trip, a signal is sent to the process logic control (PLC) and an alarm event is created. Totalizers may be added to
the system.

9.1.3 Piping

The main piping run will be buried approximately 4 feet bgs. The locations of the piping runs will be surveyed so
that piping can be protected from damage during future Site work. The piping run will enter the treatment
building, passing through a flow meter, flow control valve, and pressure switch. Heat cables will be wrapped
around the piping run starting from the EW and ending at the tank inlet. A thermostat will be installed to control
the heat cables, which will be powered by a GFl breaker. In the event of a breaker trip, a signal will be sent to the
PLC and an alarm event created. The portion of the force main passing under Rum Creek will be installed using a
horizontal boring. This crossing has already been permitted through EGLE (Permit No. WRP021885, expires May 26,
2025).

9.1.4 Piezometers

To observe performance of the inceptor system, 17 piezometers (PZs) will be installed, each located between the
extraction wells. Of the 17 PZs, five PZs, designated with “D”, will be installed and screened in the same depth
interval as the nearby deep extraction wells. Five river piezometers (RPZs) will be installed between the extraction
well line and the Rogue River. Two RPZs will be installed in Rum Creek and screened below the riverbed to monitor
groundwater elevations beneath the creek. See Sheet No. 10 for a location plan for the PZs and RPZs.

The PZRs and RPZs will be constructed of 3-foot long, No. 20 slot, 2-inch diameter PVC screens. The PZs will be
set at approximately the same depth interval as the shallow extraction wells. The RPZs near the Rogue River will
be set at an elevation of approximately 689 feet. The RPZs in Rum Creek will be installed below the riverbed.
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9.1.5 Pressure Transducers

A pressure transducer hard-wired to the control panel will be installed in each extraction well to measure the
water elevation in each extraction well. Pressure transducers will also be installed in each of the RPZs. Considering
the Rogue River surface water elevations are relatively constant from the northern end of the Site to the southern
end of the Site, the groundwater elevations in the RPZs will be considered groundwater elevations at the GSI, and
each RPZ will be paired with several extraction wells so that hydraulic control can be directly monitored and
controlled. Water elevation data collected by the transducers will be output to the PLC to control pump operation.

9.1.6 Pump Controller

The pump controller will be installed inside the control panel. The pump controller protects the pump from over
voltage, under voltage, overload, and under load.

9.1.7 Equalization Tank

Groundwater from the main piping will be discharged to an aeration tank, a settling tank, then to an equalization
tank. High high-level and low-level sensors will be installed in the equalization tank. When the water level in the
equalization tank reaches the high high-level, an alarm will be sent, and the PLC will shut down the extraction well
system until the water level in the equalization tank returns to its pre-set low- level.

9.1.8 Data Logger

A data logger, a data acquisition and logging instrument that measures and records values necessary to
continuously monitor system operation, helps create reports, and analyzes system performance, will be installed
in the treatment building. The data logger can be accessed using a direct USB connection, or remotely using the
internet.

9.1.9 Alarm Auto Dialer

An alarm automatic dialer will be installed in the control panel to send alarm alerts to designated personnel via
telephone line.

9.1.10 Electrical Control Panel and Treatment Building

An electrical control panel will be installed in the treatment building to control the groundwater extraction system.
The electrical control panel will include various system control components including power control, PLC, data
logger, heat trace controller, and auto-dialer. The treatment building will also house the electrical power
distribution system, a heater, a heat-trace controller, a building leak detection sensor, and a temperature sensor.
A portion of piping run, including the flow meter, and the main power disconnect switch to cut electrical power
to the system will also be located inside the control building.

9.1.11 System Process

The system will be generally run-in automatic control mode with the option of hand control mode. Hand control
mode operation is used only for system troubleshooting and debugging.

In automatic mode, the system will operate, shutdown, or send alarm alerts according to the PLC and the
configuration setting. The system’s primary objective is to maintain the extraction well water elevations and the
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PZ water elevations at or below its corresponding RPZs water elevation. The elevation differences between the
extraction well and its corresponding RPZ will be set at a user specified value termed as the DELTA value. During
the first two years of demonstration period, the system performance data will be evaluated, and various DELTA
values will be tried and evaluated for each extraction well. The following table provides a tentative summary of
the RPZs and its corresponding extraction wells and PZRs.

River Piezometers (GSI) Paired Extraction Wells Paired Piezometers

RPZ-1 EW-1 through EW-3 Pz-2

RPZ-2 EW-9 and EW-10 PZ-5

RPZ-3 EW-11, EW-12, EW-13 TA-MW-1

RPZ-4 EW-15, EW-15, DEW-16 PZ-9S

RPZ-5 EW-18, EW-18, DEW-19, EW-20, DEW-21, EW-22 | PZ-11S

RPZ-6 EW-5, EW-6, EW-7 RPZ-6 elevation will be compared to
TA-RP-5

RPZ-7 EW-4, EW-8 RPZ-7 elevation will be compared to
TA-SG-RC.

Table 9-1: Performance Monitoring River Piezometers, Paired Extraction Wells, Paired Piezometers

For the extraction wells along the Rogue River, the objective is to maintain groundwater elevation in the paired
piezometers at or below the river piezometers.

For the extraction wells along Rum Creek, the objective is to keep groundwater elevation beneath the riverbed
(RPZ-6 or RPZ-7) at or below the surface water elevation in Rum Creek (TA-RP-5 or TA-SG-RC).

The system components as described above are preliminary and subject to change during detailed design phase.

9.2 GROUNDWATER TREATMENT SYSTEM

While multiple emerging technologies are being researched and tested for PFAS treatment, R&W/GZA selected
granular activated carbon (GAC) sorption for the primary treatment technology because its effectiveness has been
thoroughly demonstrated and systems using GAC can be designed, constructed, and implemented promptly. In
addition to numerous literature studies, the Point-of-Entry Treatment filters installed at selected homes in the
House Street and Wolven-Jewell study areas demonstrate the effectiveness of the proposed GAC treatment for the
Scotchgard-related™ PFAS.

Initially, treated groundwater may be discharged to the City of Rockford sanitary sewer leading to the North Kent
Sewer Authority (NKSA) treatment plant. NKSA has conditionally approved the proposed discharge and treatment
scheme. Based on the substantial groundwater test results, only PFAS treatment is required to comply with the NKSA
discharge limits. If the treated groundwater is not discharged to NKSA, it will be directly discharged to the Rogue
River under an NPDES permit.

Based on estimated iron concentrations from groundwater sampling performed to date, iron removal prior to the
GAC treatment appears to be appropriate, but the ultimate decision will be made during the final design process.
We currently anticipate the groundwater treatment system will include:

e Iron removal - aeration, chemical feed, and settling
e Equalization

e Sediment filtration

e Ultra-Violet sanitizer (to reduce potential bacteriological fouling on the GAC)
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e Two-stage GAC
e Sediment filtration
e Aeration

o Effluent metering and sampling

Sheet No. 11 presents the treatment schematic. Because the flow to the treatment system will be increased over
time, the design accommodates two different size GAC vessels. The system is designed to accommodate flow from
3to 70 GPM and includes an effluent clear well to provide water for re-bedding and backwashing the GAC columns.
The Treatment System Basis of Design is included in Appendix C.

The system will also have connections for full-scale, two-stage, resin (ion exchange) sorption as an alternative or
supplement to the GAC. The design accommodates resin sorption before, after, or in place of the GAC.

10.0 IMPLEMENTATION

The design will be finalized following approval of this RAP. The system installation/construction is subject to local,
state, and federal permit requirements. These include, but are not limited to:

e Local zoning, site plan approval and building codes
e Surface water/utility crossing

e Capture well, pipe and conduit installation within the former railroad right-of-way owned by Michigan
Department of Transportation.

o Effluent discharge

Wolverine already has conditional discharge approval to NKSA. All other approvals will be obtained prior to
construction.

The conditional discharge approval from NKSA requires the system to be started incrementally, i.e., the flow will be
increased stepwise. Wolverine will apply for required permits following approval of this RAP by EGLE.

Construction will commence once the final design is complete and permits and approvals have been received.

11.0 SCHEDULE

R&W/GZA developed a schedule for implementation of this RAP, which is included in Appendix D. Full scale
operation of the system is dependent on obtaining a National Pollutant Discharge Elimination System (NPDES)
permit for surface water discharge of the treated water due to current limitations on potential discharge to the
NKSA. The system may be operated at a reduced capacity pending NPDES permit approval.
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12.0 PRE-DESIGN INVESTIGATION DATA

R&W/GZA have identified additional data that will be helpful to further inform the System design. An ASTM
Accelerated Column Test has been conducted to evaluate the carbon performance and useful life in the treatment
process and we are awaiting the final results. Additional data includes vertical aquifer profiling and installation of
additional nested well sets south of Rum Creek to obtain additional data on the deeper portions of the aquifer
near Rum Creek. One vertical aquifer profiling boring will be performed at a location between TA-GW-06 and TA-
MW-304A/B. Soil samples will be collected every 5 feet to visually observe and classify the soil. Temporary wells
will be installed in the coarse-grained saturated soil at an interval of 10 feet. Groundwater samples will be
collected from the temporary wells and submitted for PFAS analysis. The soil boring will be advanced to a depth
of approximately 80 feet bgs, until a competent fine-grained soil stratum is encountered, or upon refusal.

Additionally, we plan to conduct slug testing on deeper wells to better estimate the K values in the deeper portions
of the aquifer across the Site. This work will be done concurrently with system design and permitting, and data
will be utilized to evaluate whether additional deep extraction wells are warranted. EGLE will be consulted during
the data evaluation following the slug testing.

13.0 PERFORMANCE MONITORING PLAN

As previously described, the purpose of the interceptor system is to effectively interrupt the natural discharge of
PFAS-impacted groundwater to Rum Creek and the Rogue River. The optimal performance of the interceptor
system will result in coalescing drawdowns from each extraction well that generate inward hydraulic gradients to
intercept groundwater flow and effectively prevent PFOS-containing groundwater from discharging to Rum Creek
or the Rogue River. Therefore, system performance will be measured by groundwater elevation measurements
from the Site monitoring well network that demonstrate the inward hydraulic gradient are being maintained. It
is important to clarify that the performance of the interceptor system will not be measured by the reduction in
PFAS concentrations in groundwater on-Site, but rather, the induced physical changes to the Site groundwater
flow system that prevent PFOS discharge to the Rogue River and Rum Creek.

Based on these monitoring goals and following installation of the system, R&W/GZA will implement a performance
monitoring program to evaluate the effectiveness of the system for the initial 2 years of operation. Following the
initial 2 years of operation, the CD requires a submittal documenting the effectiveness of the system. A long-term
system monitoring plan will be included in that submittal. Unless modified during the detailed design process, the
performance monitoring will consist of the following:

e Collecting groundwater elevation data from the extraction wells, river piezometers RPZ-1 through RPZ-7 and
piezometers PZ-1 through PZ-12D using pressure transducers;

e Collecting weekly manual groundwater elevation data from piezometers PZ-1 through PZ-12D, and two staff
gauges in Rum Creek, TA-RP-5 and TA-SG-RC for the first four months of system operation, with the option to
discuss reduced frequency with EGLE after four months;

e Comparing and evaluating groundwater flow direction in five monitoring sections (See Sheet No. 10 for the
locations of the monitoring sections) to evaluate the effectiveness of preventing groundwater discharge to
the Rogue River.
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e Comparing groundwater elevation at RPZ-6 to the surface water elevation TA-RP-5 to evaluate the
effectiveness of preventing groundwater discharge to Rum Creek;

e Compare groundwater elevation at RPZ-7 to the surface water elevation at TA-SG-RC to evaluate the
effectiveness of preventing groundwater discharge to Rum Creek.

e The monitoring sections and evaluation criteria are summarized in the following table.

Monitoring River Paired Additional
Sections Piezometers | Piezometers Well(s) Performance Criteria
(GSI)

MS-1 RPZ-1 PZ-2 None Groundwater elevation at PZ-2 less than or equal to
RPZ-1, or impacted groundwater not venting to the
Rogue River

MS-2 RPZ-2 PZ-5 TA-MW-303A | Groundwater elevation at PZ-5 less than or equal to
RPZ-1, or impacted groundwater not venting to the
Rogue River

MS-3 RPZ-3 TA-MW-1 TA-MW-302A | Groundwater elevation at TA-MW-1 less than or equal
to RPZ-1, or impacted groundwater not venting to the
Rogue River

MS-4 RPZ-4 Pz-9S TA-TMW-101 | Groundwater elevation at PZ-9S less than or equal to
RPZ-1, or impacted groundwater not venting to the
Rogue River

MS-5 RPZ-5 PZ-11S TA-MW-309A | Groundwater elevation at PZ-11S less than or equal to
RPZ-1, or impacted groundwater not venting to the
Rogue River

Table 13-1: Rogue River Monitoring Sections and Performance Monitoring Criteria

e The performance monitoring evaluation criteria for the extraction wells along Rum Creek are summarized

below.

River Piezometers (GSI)

Performance Criteria

RPZ-6 Groundwater elevation at RPZ-6 less than or equal to TA-RP-5, or
groundwater not venting to Rum Creek
RPZ-7 Groundwater elevation at RPZ-7 less than or equal to TA-SG-RC, or

groundwater not venting to Rum Creek

Table 13-2: Rum Creek Performance Monitoring Criteria

e Monthly progress reports will be prepared and submitted to EGLE to document the system operation, and
performance monitoring evaluation.

If performance monitoring indicates that the system or any individual well is either drawing too much water from
the river or conversely not capturing groundwater as it reaches the well network, diagnosis will be performed,
and system maintenance or operational modification(s) will be carried out as appropriate.

A long-term system monitoring plan will be included in the 2-year effectiveness demonstration submittal.
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14.0 TREATMENT SYSTEM SAMPLING AND ANALYSIS

Groundwater flowing into the treatment system (influent) will be sampled and analyzed for PFAS. The frequency
may be adjusted with time based on the variability and projected GAC life. The treatment system effluent will be
sampled and analyzed for PFAS and other parameters as required for discharge to NKSA or to the Rogue River
under an NPDES permit. R&W/GZA will utilize the data from the influent and effluent sampling to calculate PFAS
mass that is removed from the groundwater and therefore not discharged to Rogue River. Mid-point samples,
collected from sample ports located between the carbon vessels, will also be collected and analyzed for PFAS
monthly. This data will be utilized to determine when the carbon beds within the treatment train need to be
changed out.

15.0 GROUNDWATER SAMPLING

The objective of the groundwater sampling program is to monitor the potential spatial and temporal change of
the PFAS impacted groundwater plume, independent of the system performance monitoring. The proposed
groundwater sampling program is described below.

A set of wells, designated as “Boundary Wells”, will be monitored quarterly for the first two years of system
operation. These wells will monitor the edges of the system capture zone, north, south, and vertically. If the
groundwater quality data indicates PFAS-containing groundwater exceeding the Part 201 groundwater GSl criteria
exists outside of the area being hydraulically contained, groundwater flow data will be evaluated to determine
whether the PFAS-containing groundwater is discharging to the Rogue River or Rum Creek. If discharge is
confirmed, potential modification of the groundwater extraction system will be evaluated, and appropriate
measures may be implemented to prevent the impacted groundwater from venting to the Rogue River or Rum
Creek. Table 15-1 provides the list of proposed Boundary Wells.

Additional groundwater monitoring wells and/or piezometers will be selected for annual sampling. The
groundwater extraction system is designed to hydraulically contain groundwater flux and minimize groundwater
venting to the surface waters by creating an inward gradient without drawing significant amount of water from
the Rogue River and Rum Creek. As such, the hydraulic gradient between the Rogue River/Rum Creek and the
extraction wells is generally small, and groundwater velocity low with little or nearly zero pore volume changes in
years. Itis unlikely that the constituent concentrations in the monitoring wells/piezometers will exhibit noticeable
decreases in the short term, therefore the annual sampling frequency is proposed in the long term.

If the groundwater quality data indicates PFAS concentrations decrease to concentrations less than the Part 201
groundwater GSI criteria at a location being hydraulically contained by the system, potential system modification
will be evaluated to stop or reduce groundwater extraction near this location.

The following groundwater monitoring wells/piezometers will be sampled and analyzed for PFAS. Sheet No. 11
presents the well locations in relation to the system extraction wells. The sampling procedures and laboratory
analytical method will follow the approved Quality Assurance Project Plan.
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Area Monitoring Wells Sample Frequency Laboratory Analysis
North of Rum Creek — | TA-MW-308B, two additional wells to be | Quarterly for the first PFAS
Boundary Wells installed north of the footwear depot two years; Annually
after two years.

North of Rum Creek Pz-1, PZ-2, PZ-3, TA-MW-306A, TA-MW-306B, | Quarterly for two PFAS

TA-TMW-109, TA-GW-02 years.
South of Rum Creek - | TA-MW-303E, 1-2 additional deep wells in the | Quarterly for the first PFAS
Boundary Wells middle of the Site, one additional nested well | two years.

set south of the southernmost extraction wells, | Annually after two

adjacent to the river years.
South of Rum Creek TA-MW-3, TA-MW-304A, TA-MW-304B, TA- | Quarterly for two PFAS

GW-06, TA-MW-303A, TA-MW-303B, TA-MW- | years.

Table 15-1: Groundwater Quality Assessment - Sampling and Analysis Plan

In addition, quarterly groundwater elevation data will be collected from the Site monitoring wells for the
evaluation of groundwater flow.

Annual groundwater monitoring reports will be prepared and submitted to EGLE.

16.0
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TABLE 1

SUMMARY OF MONITORING WELL DETAILS
Former Tannery
Rockford, Kent County, Michigan

Well Depth of Ground Surface Length of Top of Casing Screen Aquifer .
Note . . . Construction Date
Number Well (ft bgs) Elevation (ft, MSL) Screen (ft) Elevation (ft, MSL) | Elevation (ft, MSL) Zone

TA-GW-01 7 693.1 5 696.15 692 - 687 S Jun-18
TA-GW-02 9.5 695.0 5 695.21 691 - 686 S Jun-18
TA-GW-03 9 695.4 5 699.50 692 - 687 S Jul-18

TA-GW-04 9.5 695.4 5 698.50 691 - 686 S Jun-18
TA-GW-05 Abandoned 7 695.4 5 695.22 694 - 689 S Jun-18
TA-GW-06 7 693.4 5 696.30 692 - 687 S Jun-18
TA-GW-07 7 694.1 5 697.25 693 - 688 S Jun-18
TA-GW-08 7 694.3 5 697.78 693 - 688 S Jun-18
TA-GW-09 Abandoned 9 696.6 5 699.95 693 - 688 S Aug-18
TA-MW-1 8.3 694.5 4.7 694.34 691 - 687 S May-11
TA-MW-2 7.8 694.8 4.9 694.36 692 - 688 S May-11
TA-MW-3 7 697.3 4.7 697.08 695 - 691 S May-11
TA-MW-4 9 697.8 5 697.30 694 - 689 S Dec-11
TA-MW-5 10 697.0 5 696.52 692 - 687 S Dec-11
TA-MW-301B 11.3 695.1 2 694.66 686 - 684 S Aug-13
TA-MW-301C 24.6 695.3 5 698.01 676 - 671 S Jan-18
TA-MW-301D 71.7 695.4 5 697.99 629 -624 D Jan-18
TA-MW-302A 6 694.2 2.4 693.85 691 - 689 S Aug-13
TA-MW-302B 14.4 694.2 4.8 693.87 685 - 680 S Aug-13
TA-MW-303A 7.5 694.0 4.7 693.63 692 - 687 S Aug-13
TA-MW-303B 14.9 694.0 4.8 693.67 684 - 680 S Aug-13
TA-MW-303C Abandoned 22 693.9 4.8 693.54 677 -672 S Aug-13
TA-MW-303D 45.5 693.9 3 696.09 652 - 649 D Nov-17
TA-MW-303E 50.5 693.9 3 695.97 647 - 644 D Jan-18
TA-MW-304A 5.5 694.1 2.8 693.66 692 - 689 S Aug-13
TA-MW-3048B 15 694.1 4.7 693.65 684 - 680 S Aug-13
TA-MW-305B 16.8 697.0 4.7 696.60 685 - 681 S Aug-13
TA-MW-305C 24.8 697.0 4.7 696.59 677 -673 S Aug-13
TA-MW-306A 10.2 696.5 4.6 696.24 691 - 687 S May-14
TA-MW-306B 15.1 696.4 4.7 696.21 687 - 682 S May-14
TA-MW-307A Abandoned 10.2 696.5 4.6 696.08 691 - 687 S May-14
TA-MW-3078B Abandoned 15.7 696.5 4.7 695.96 686 - 681 S May-14
TA-MW-308A Abandoned 7.9 696.3 4.7 696.15 694 - 689 S May-14
TA-MW-308B 20.6 696.3 4.7 695.93 681-676 S May-14
TA-MW-308C Abandoned 26 696.2 4.7 695.85 675-671 S May-14

16.0062961.01
Page 1 of 3
See Page 3 for Notes
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TABLE 1

SUMMARY OF MONITORING WELL DETAILS
Former Tannery
Rockford, Kent County, Michigan

Well Depth of Ground Surface Length of Top of Casing Screen Aquifer .
Note . . . Construction Date
Number Well (ft bgs) Elevation (ft, MSL) Screen (ft) Elevation (ft, MSL) | Elevation (ft, MSL) Zone
TA-MW-309A 9.3 696.6 5 699.30 693 - 688 S Dec-17
TA-MW-3098B 17.1 696.4 5 699.13 685 - 680 S Dec-17
TA-MW-309C 33.6 696.2 5 698.78 668 - 663 D Dec-17
TA-MW-309D 47.2 696.4 4.8 698.87 654 - 650 D Dec-17
TA-MW-310A 9.5 700.0 5 699.61 696 - 691 S Nov-17
TA-MW-3108B 16.8 700.1 5 699.73 689 - 684 S Nov-17
TA-MW-310C 50.2 700.1 3 699.73 653 - 650 D Nov-17
TA-MW-311A 11.3 700.3 4.5 699.86 694 - 689 S Nov-18
TA-MW-311B 25 700.3 5 699.84 681-676 S May-19
TA-MW-311C 138 700.4 5 700.07 568 - 563 D May-19
TA-MW-312 14 703.7 5 703.36 695 - 690 S Nov-18
TA-MW-313A 10 695.8 5 695.37 691 - 686 S Dec-18
TA-MW-313B 45 695.9 5 695.45 656 - 651 D Dec-18
TA-MW-313C 78 695.9 5 695.05 623 -618 D Dec-18
TA-MW-314A 12.6 692.5 4.8 692.09 685 - 680 S Oct-19
TA-MW-314B 29.1 692.4 4.8 691.87 669 - 664 D Oct-19
TA-MW-314C 44.5 692.4 4.8 691.90 653 - 648 D Oct-19
TA-MW-314D 92.4 692.3 4.8 691.87 605 - 600 D Oct-19
TA-MW-315D 93 699.8 7 699.38 614 - 607 D Jun-19
TA-MW-315S 11 700.0 5 699.69 694 - 689 S Jun-19
TA-MW-316D 94 695.4 5 695.16 607 - 602 D May-19
TA-MW-316M 40 695.5 5 695.02 661 - 656 D May-19
TA-MW-316S 8 695.3 5.5 694.92 693 - 688 S May-19
TA-MW-317A 9.6 NA 4.8 NA NA S Aug-19
TA-MW-317B 33.9 NA 4.8 NA NA D Aug-19
TA-MW-317C 82.6 NA 4.8 NA NA D Aug-19
TA-MW-317D 98.5 NA 4.8 NA NA D Aug-19
TA-P-1 Abandoned 8.5 694.0 4.7 693.78 691 - 686 S May-11
TA-P-2 9.4 693.7 4.7 693.43 689 - 685 S May-11
TA-P-3 9.3 694.2 4.6 693.93 690 - 685 S May-11
TA-P-4 7.1 694.5 4.7 693.85 693 - 688 S May-11
TA-P-5 8.8 700.0 4.7 699.82 696 - 692 S May-11
TA-PMW-01 20 693.6 10 693.15 684 -674 S Oct-18
TA-PMW-02 17 693.6 10 693.04 687 - 677 S Oct-18
TA-PMW-03 17 696.5 5 696.10 685 - 680 S Oct-18

16.0062961.01
Page 2 of 3
See Page 3 for Notes

R&W/GZA
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TABLE 1

SUMMARY OF MONITORING WELL DETAILS
Former Tannery
Rockford, Kent County, Michigan

Well Depth of Ground Surface Length of Top of Casing Screen Aquifer .
Note . . . Construction Date
Number Well (ft bgs) Elevation (ft, MSL) Screen (ft) Elevation (ft, MSL) | Elevation (ft, MSL) Zone
TA-PMW-04 13 693.4 5 693.03 686 - 681 S Oct-18
TA-PMW-05 13 694.8 5 694.40 687 - 682 S Oct-18
TA-PMW-06 18 698.3 5 698.05 686 - 681 S Nov-18
TA-PMW-07 18 693.4 5 692.99 681-676 S Oct-18
TA-PMW-08 12 693.0 5 692.69 686 - 681 S Oct-18
TA-PMW-09 12 694.9 5 694.60 688 - 683 S Oct-18
TA-RW-1 Bentonite Seal 9.6 693.6 4.5 696.10 689 - 684 S Jan-19
Between

TA-RW-1 Screens 24 693.6 115 696.10 682 -670 S Jan-19
TA-RW-2 19 693.5 15 697.07 690 - 675 S Jan-19
TA-RW-3 18 696.6 7.5 699.36 687 - 679 S Jan-19
TA-TMW-101 10.5 695.1 4.8 694.72 690 - 685 S Jan-13
TA-TMW-102 Abandoned 10.3 696.6 4.8 696.14 692 - 687 S Jan-13
TA-TMW-103 14.1 699.8 4.8 698.75 691 - 686 S Jan-13
TA-TMW-104 10.4 700.5 4.9 699.99 695 - 691 S Jan-13
TA-TMW-105 10.3 695.8 4.8 695.39 691 - 686 S Jan-13
TA-TMW-108 Abandoned 10.1 696.7 4.7 696.44 692 - 687 S May-14
TA-TMW-109 10.1 697.4 4.7 696.81 692 - 688 S May-14
TA-TMW-110 10.1 696.6 4.7 696.63 692 - 687 S May-14
TA-TMW-111 Abandoned 7.6 696.6 4.8 696.23 694 - 689 S May-14
Notes:

1. Abbreviations include:

"ft" denotes feet;

"bgs" denotes below ground surface;

"MSL" denotes mean sea level;

"S" denotes monitoring well screened in the shallow aquifer zone;

"D" denotes monitoring well screened in the deep aquifer zone; and

"NA" denotes information not available.

2. Well screen elevations are rounded up to the nearest whole number.

16.0062961.01
Page 3 of 3
See Page 3 for Notes
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TABLE 2

GROUNDWATER ELEVATION DATA - APRIL 2019

Former Tannery
Rockford, Kent County, Ml

16.0062961.01
Page 1 of 2
See Page 2 for Notes

well Grou.nd Surface Top_of Casing ?creen G?opJ: dzv(v)alfer
Elevation (ft, MSL) | Elevation (ft, MSL) | Elevation (ft, MSL) Elevation (ft, MSL)
TA-P-1 694.0 693.78 691 - 686 691.91
TA-P-2 693.7 693.43 689 - 685 691.95
TA-P-3 694.2 693.93 690 - 685 692.15
TA-P-4 694.5 693.85 693 - 688 692.04
TA-P-5 700.0 699.82 696 - 692 695.91
TA-MW-1 694.5 694.34 691 - 687 692.51
TA-MW-2 694.8 694.36 692 - 688 692.32
TA-MW-3 697.3 697.08 695 - 691 691.99
TA-MW-4 697.8 697.3 694 - 689 692.03
TA-MW-5 697.0 696.52 692 - 687 692.01
TA-MW-301B 695.1 694.66 686 - 684 692.23
TA-MW-301C 695.3 698.01 676 -671 692.59
TA-MW-301D 695.4 697.99 629 - 624 689.41
TA-MW-302A 694.2 693.85 691 - 689 692.2
TA-MW-302B 694.2 693.87 685 - 680 691.88
TA-MW-303A 694.0 693.63 692 - 687 692.11
TA-MW-303B 694.0 693.67 684 - 680 691.88
TA-MW-303C 693.9 693.54 677 -672 691.84
TA-MW-303D 693.9 696.09 652 - 649 689.12
TA-MW-303E 693.9 695.97 647 - 644 689.14
TA-MW-304A 694.1 693.66 692 - 689 692.04
TA-MW-304B 694.1 693.65 684 - 680 691.92
TA-MW-305B 697.0 696.6 685 - 681 691.95
TA-MW-305C 697.0 696.59 677 -673 691.95
TA-MW-306A 696.5 696.24 691 - 687 691.84
TA-MW-306B 696.4 696.21 687 - 682 691.83
TA-MW-307A 696.5 696.08 691 - 687 691.86
TA-MW-307B 696.5 695.96 686 - 681 691.82
TA-MW-308A 696.3 696.15 694 - 689 692.03
TA-MW-308B 696.3 695.93 681 -676 692.08
TA-MW-308C 696.2 695.85 675-671 692.11
TA-MW-309A 696.6 699.3 693 - 688 692.33
TA-MW-309B 696.4 699.13 685 - 680 692.48
TA-MW-309C 696.2 698.78 668 - 663 691.68
TA-MW-309D 696.4 698.87 654 - 650 691.67

Table2_GWELE.xIsx
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TABLE 2

GROUNDWATER ELEVATION DATA - APRIL 2019

Former Tannery

Rockford, Kent County, Ml

16.0062961.01
Page 2 of 2
See Page 2 for Notes

well Grou.nd Surface Top_of Casing ?creen G?opJ: dzv(v)alfer
Elevation (ft, MSL) | Elevation (ft, MSL) | Elevation (ft, MSL) Elevation (ft, MSL)

TA-MW-310A 700.0 699.61 696 - 691 688.89
TA-MW-310B 700.1 699.73 689 - 684 690.01
TA-MW-310C 700.1 699.73 653 - 650 689.78
TA-MW-311A 700.3 699.86 694 - 689 692.98
TA-MW-312 703.7 703.36 695 - 690 696

TA-MW-313A 695.8 695.37 691 - 686 692.01
TA-MW-313B 695.9 695.45 656 - 651 687.03
TA-MW-313C 695.9 695.05 623 -618 686.9
TA-TMW-101 695.1 694.72 690 - 685 692.72
TA-TMW-103 699.8 698.75 691 - 686 694.09
TA-TMW-104 700.5 699.99 695 - 691 695.93
TA-TMW-105 695.8 695.39 691 - 686 691.95
TA-TMW-108 696.7 696.44 692 - 687 691.89
TA-TMW-109 697.4 696.81 692 - 688 692.1
TA-TMW-110 696.6 696.63 692 - 687 691.96
TA-TMW-111 696.6 696.23 694 - 689 692.1
TA-RW-1 693.6 696.1 689 - 670 691.82
TA-RW-2 693.5 697.07 690 - 675 691.65
TA-RW-3 696.6 699.36 687 - 679 692.95
TA-PMW-01 693.6 693.15 684 - 674 691.38
TA-PMW-02 693.6 693.04 687 -677 691.61
TA-PMW-03 696.5 696.1 685 - 680 692.97
TA-PMW-04 693.4 693.03 686 - 681 691.31
TA-PMW-05 694.8 694.4 687 - 682 692.29
TA-PMW-06 698.3 698.05 686 - 681 693.09
TA-PMW-07 693.4 692.99 681 -676 691

TA-PMW-08 693.0 692.69 686 - 681 691.38
TA-PMW-09 694.9 694.6 688 - 683 692.07

Notes:
1. Abbreviations include:

"ft" denotes feet; and

"MSL" denotes mean sea level.

2. Well screen elevations are rounded up to the nearest whole number.
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SUMMARY OF GROUNDWATER SAMPLE ANALYSIS - PFAS

TABLE 3

Former Tannery

Rockford, Kent County, Michigan

16.0062961.01
Page 1of 19

See After Table 3 For Notes

Location PaGr:OZL?:dj/ea:::ic TA-RW-1 TA-RW-1 TA-RW-2 TA-RW-2 TA-RW-3 TA-RW-3 TA-RW-3 TA-PMW-01 TA-PMW-01 TA-PMW-01 TA-PMW-02 TA-PMW-02 TA-PMW-02 TA-PMW-03 TA-PMW-03 TA-PMW-03
Sample Name Clzarr;l:j;;;:;t;:f - TA-RW-1 TA-RW-01 TA-RW-2 TA-RW-02 TA-RW-3 TA-RW-3 DUP TA-RW-3 TA-PMW-01 TA-PMW-01 TA-PMW-01 TA-PMW-02 TA-PMW-02 TA-PMW-02 TA-PMW-03 TA-PMW-03 TA-PMW-03
Laboratory Sample ID Surface Water UE09030-001 WF25013-005 UE16023-001 WF25013-006 UE24051-001 UE24051-002 WG17016-002 UD11027-001 UF08017-002 wg16013-009 UD11027-002 UF13013-011 WF25013-009 UD11027-003 UF13013-020 WG17016-005
Sample Date Interface’ 05/08/2019 06/23/2021 05/15/2019 06/23/2021 05/22/2019 05/22/2019 07/15/2021 04/10/2019 06/07/2019 07/14/2021 04/10/2019 06/10/2019 06/23/2021 04/10/2019 06/12/2019 07/15/2021
Parameter (ug/L)

6:2 Fluorotelomer sulfonic acid (6:2 FTS) NCL 0.0038 <0.0076 <0.0035 <0.0075 0.033 0.038 <0.75 0.012 0.023 <0.0079 <0.0037 <0.0035 <0.0075 0.06 0.035 <0.73
8:2 Fluorotelomer sulfonic acid (8:2 FTS) NCL <0.0037 <0.0076 <0.0035 <0.0075 <0.0038 <0.0039 <0.75 <0.0036 <0.0036 <0.0079 0.0094 0.012 <0.0075 <0.0036 <0.0035 <0.73
N-Ethyl perfluorooctane sulfonamide (EtFOSA) NCL 0.0049 <0.0035 <0.0038 <0.0039 <0.0036 <0.0036 <0.0037 <0.0035 <0.0036 <0.0035

N-Methyl perfluorooctane sulfonamide (MeFOSA) NCL <0.0074 <0.0071 <0.0076 <0.0078 <0.0072 <0.0072 <0.0074 <0.007 <0.0073 <0.0069

Perfluorobutane sulfonic acid (PFBS) NA 0.28 <0.0038 0.23 0.02 2.6 2.7 1.2 1.2 2 0.056 0.52 0.69 0.53 3.8 29 3.8
Perfluorobutanoic acid (PFBA) NCL 0.054 <0.0038 0.05 0.0074 0.77 0.76 0.39 0.22 0.44 0.0071 0.068 0.12 0.093 1.5 1 13
Perfluorodecane sulfonic acid (PFDS) NCL <0.0037 <0.0038 <0.0035 <0.0037 <0.0038 <0.0039 <0.37 <0.0036 <0.0036 <0.004 <0.0037 0.0043 <0.0038 <0.0036 <0.0035 <0.36
Perfluorodecanoic acid (PFDA) NCL 0.016 <0.0038 0.038 0.0073 0.031 0.034 <0.37 0.0044 0.0063 <0.004 0.1 0.095 0.029 0.024 0.038 <0.36
Perfluorododecanoic acid (PFDoDA) NCL <0.0037 <0.0038 <0.0035 <0.0037 <0.0038 <0.0039 <0.37 <0.0036 <0.0036 <0.004 <0.0037 <0.0035 <0.0038 <0.0036 <0.0035 <0.36
Perfluoroheptane sulfonic acid (PFHpS) NCL 0.023 <0.0038 0.048 <0.0037 0.27 0.25 <0.37 0.088 0.19 0.03 0.084 0.13 0.085 0.25 0.25 <0.36
Perfluoroheptanoic acid (PFHpA) NCL 0.059 <0.0038 0.061 0.0062 1.5 1.6 1.2 0.19 0.37 0.013 0.15 0.24 0.19 23 1.5 21
Perfluorohexane sulfonic acid (PFHxXS) NA 0.1 <0.0038 0.14 0.011 1.3 1.4 1 0.47 0.92 0.069 0.44 0.71 0.47 1.5 13 1.4
Perfluorohexanoic acid (PFHxA) NA 0.1 <0.0038 0.063 0.0096 23 23 0.99 0.44 0.86 0.019 0.15 0.24 0.2 32 22 2.6
Perfluorononanoic acid (PFNA) NA 0.0088 <0.0038 0.017 <0.0037 0.091 0.092 <0.37 0.008 0.016 <0.004 0.033 0.037 0.025 0.13 0.1 <0.36
Perfluorooctane sulfonamide (FOSA) NCL 0.17 <0.0038 0.2 0.048 0.16 0.17 <0.37 0.023 0.026 <0.004 2.4 1.8 0.63 0.12 0.098 <0.36
Perfluorooctane sulfonic acid (PFOS) 0.011 (X) 1.7 <0.0038 2.1 0.3 14 17 40 5.6 9.3 1.2 9.4 8.8 3.4 13 13 18
Perfluorooctanoic acid (PFOA) 0.42 (X) 0.4 <0.0038 0.46 0.046 8.2 9.7 10 1.1 1.9 0.12 1.7 2.6 1.5 12 8.4 11
PFOA + PFOS (Calculated) NCL 21 ND 2.6 0.35 22 27 50 6.7 11 13 11 11 4.9 25 21 29
Perfluoropentanoic acid (PFPeA) NCL 0.036 <0.0038 0.035 0.0044 0.68 0.74 0.42 0.12 0.22 0.0053 0.068 0.11 0.084 1.2 0.69 1
Perfluorotetradecanoic acid (PFTeDA) NCL <0.0037 <0.0038 <0.0035 <0.0037 <0.0038 <0.0039 <0.37 <0.0036 <0.0036 <0.004 <0.0037 <0.0035 <0.0038 <0.0036 <0.0035 <0.36
Perfluorotridecanoic acid (PFTrDA) NCL <0.0037 <0.0038 <0.0035 <0.0037 <0.0038 <0.0039 <0.37 <0.0036 <0.0036 <0.004 <0.0037 <0.0035 <0.0038 <0.0036 <0.0035 <0.36
Perfluoroundecanoic acid (PFUnDA) NCL <0.0037 <0.0038 0.018 0.036 <0.0038 <0.0039 <0.37 <0.0036 <0.0036 <0.004 <0.0037 <0.0035 <0.0038 <0.0036 <0.0035 <0.36
Perfluoro-1-pentanesulfonate (PFPeS) NCL 0.025 <0.0038 0.035 0.0039 0.38 0.38 <0.37 0.092 0.18 0.0055 0.14 0.2 0.13 0.52 0.41 0.49
Tetrafluoro-2-(heptafluoropropoxy)propanoic acid (GenX) NA <0.0076 <0.0075 <0.75 <0.0079 <0.0075 <0.73
N-methylperfluoro-1-octanesulfonamidoacetic acid (MeFOSAA) NCL <0.0076 0.041 <0.75 <0.0079 0.11 <0.73
N-ethylperfluoro-1-octanesulfonamidoacetic acid (EtFOSAA) NCL <0.0076 0.14 <0.75 0.044 1.7 <0.73
1H,1H,2H,2H-perfluorohexane sulfonate (4:2FTS) NCL <0.0076 <0.0075 <0.75 <0.0079 <0.0075 <0.73
Perfluorononane sulfonic acid (PFNS) NCL <0.0074 <0.0038 <0.0071 <0.0037 0.0092 0.0094 <0.37 <0.0072 <0.0072 <0.004 0.011 0.014 <0.0038 0.0073 <0.0069 <0.36
9-chlorohexadecafluoro-3-oxanone-1-sulfonic acid NCL <0.0076 <0.0075 <0.75 <0.0079 <0.0075 <0.73
11-chloroeicosafluoro-3-oxaundecane-1-sulfonic acid NCL <0.0076 <0.0075 <0.75 <0.0079 <0.0075 <0.73
4,8-dioxa-3H-perfluorononanoic acid NCL <0.0076 <0.0075 <0.75 <0.0079 <0.0075 <0.73
Total PFAS (Calculated) NCL 3 ND 3.5 0.68 32 37 55 9.6 16 1.6 15 16 9.2 40 32 42
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TABLE 3

SUMMARY OF GROUNDWATER SAMPLE ANALYSIS - PFAS

Former Tannery

Rockford, Kent County, Michigan

16.0062961.01
Page 2 of 19

See After Table 3 For Notes

Location Part 201 Generic TA-P-1 TA-P-1 TA-P-1 TA-P-2 TA-P-2 TA-P-2 TA-P-2 TA-P-3 TA-P-3 TA-P-4 TA-P-4 TA-P-4 TA-P-4 TA-P-5 TA-P-5 TA-P-5
Groundwater
Sample Name CIZarr:::\;:t;:f - TA-P-1 TA-GW-P1 TA-GW-P-1 TA-P-2 TA-GW-P2 TA-GW-P-2 TA-P-2 TA-P-3 TA-GW-P3 TA-P-4 TA-GW-P4 TA-GW-P-4 TA-P-4 TA-P5 TA-GW-P5 TA-GW-P-5
Laboratory Sample ID Surface Water UF13013-002 UH17008-002 VA09002-017 UF15001-003 UH17008-001 VA15036-024 WG17016-012 UF15001-002 UH17008-011 UF13013-008 UH17008-014 VA15036-020 WG17016-008 UF13013-001 UH21044-015 VA09002-010
Sample Date Interface’ 06/11/2019 08/15/2019 01/08/2020 06/13/2019 08/15/2019 01/16/2020 07/16/2021 06/13/2019 08/16/2019 06/11/2019 08/16/2019 01/16/2020 07/16/2021 06/11/2019 08/21/2019 01/07/2020
Parameter (ug/L)
6:2 Fluorotelomer sulfonic acid (6:2 FTS) NCL 0.012 0.02 0.011 0.015 0.028 0.022 <0.73 0.045 0.071 0.011 0.098 0.011[J] <0.75 0.046 <0.072 0.032
8:2 Fluorotelomer sulfonic acid (8:2 FTS) NCL <0.0035 <0.0037 <0.0039 <0.0038 <0.019 <0.019 <0.73 <0.0038 <0.019 0.01 <0.074 <0.017 <0.75 0.039 <0.072 0.043
N-Ethyl perfluorooctane sulfonamide (EtFOSA) NCL <0.0035 <0.0037 <0.0039 <0.0038 <0.019 <0.019 <0.0038 <0.019 <0.0036 <0.074 <0.017 <0.037 <0.072 0.019 [J]
N-Methyl perfluorooctane sulfonamide (MeFOSA) NCL <0.0071 <0.0074 <0.0078 <0.0076 <0.037 <0.038 <0.0075 <0.037 <0.0072 <0.15 <0.035 <0.074 <0.14 <0.039
Perfluorobutane sulfonic acid (PFBS) NA 22 2.6 2 3 3.6 3.2 8 6.1 7.6 0.92 2.8 0.82 0.75 2 24 1.3
Perfluorobutanoic acid (PFBA) NCL 0.49 0.72 0.41 0.39 0.63 0.35 0.77 1.1 1.4 0.18 0.76 0.13 <0.38 0.3 0.5 0.23
Perfluorodecane sulfonic acid (PFDS) NCL 0.0067 0.0076 0.0032 [J] <0.0038 <0.019 <0.019 <0.37 <0.0038 <0.019 0.0099 <0.074 <0.017 <0.