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1. Introduction

During 2016 and 2017 the Michigan Department of Military and Veterans Affairs (MDMVA) conducted a
site investigation on the Grayling Army Airfield (GAAF) for the presence of per- and polyfluoroalkyl
substances (PFAS) in groundwater as a result of Aqueous Film Forming Foam (AFFF) used in on-base
fire raining exercises. Results from this investigation showed PFAS in groundwater over United States
Environmental Protection Agency (USEPA) drinking water advisory limits and Michigan Department of
Environment, Great Lakes, and Energy (EGLE) Part 201 Criteria at locations along the west, south, and
eastern boundaries of the base.

Following results from the on-base site investigation it was determined that there was an off-base human
health concern. As a result, the MDMVA conducted an off-base residential water sampling effort, west
and south of the base, including the City of Grayling municipal supply wells. Analytical results identified
three residential wells over the USEPA drinking water advisory limits during this investigation.

Analytical results from on and off-base investigations conducted by the MDMVA prompted EGLE to
contract AECOM in 2017 to expand sampling of residential/non-residential water supply wells around the
GAAF. EGLE also requested AECOM perform a Remedial Investigation (RI) in the vicinity of the GAAF in
order to better assess the extent and concentrations of PFAS in groundwater and to assist in
understanding the potential risk to human health and the environment.

AECOM hegan Phase | ofthe Rl in 2017 which included collection of geologic data and groundwater
samples from subsurface borings using direct-push drilling technology. The second phase of the RI
began in 2018 and included collection of geologic data and the installation of twenty (20) nested muliilevel
groundwater monitoring wells using Sonic drlling technology. Results from the first two phases of Rl are
summarized in the Grayling Area PFAS Remedial Investigation report (AECOM, 2019).

This RI report has been prepared for EGLE and describes the objectives, results, and conclusions from
the third phase of Rl activities conducted during 2019 and 2020.

1.1 Site Location

GAAF is located directly northwest of the city of Grayling in Crawford County, MI. The airfield is owned by
the United States Army and occupies 923 acres of land (Figure 1). Residential and commerdial
properties share property boundaries with GAAF.

1.2 Project Purpose and Scope

The purpose of the third phase of this Rl was to further delineate the nature and extent of PFAS impacted
groundwater and install sentinel monitoring wells up-groundwater gradient of both the City of Grayling
municipal drinking water wells (AECOM, 2019).

The third phase of the Rl included the installation of 72 additional nested multilevel groundwater
monitoring wells at 16 locations north, east, west, and south of the GAAF. Two of these locations (GAAF-
MWO021 and GAAF-MWO022; Figure 2) are the sentinel wells for the city municipal drinking water wells.
The other 14 locations were determined using residential drinking water analytical data combined with
geologic data and groundwater sample analytical data from previous investigation work.
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2. Environmental Setting

The following sections provide the environmental setting of the investigation area which is located in and
around the City of Grayling, in Crawford County, Michigan {(Figure 1).

2.1 Topography

Grayling is located at the southem end of the Grayling Fingers, five north-south trending uplands with
interlaying valleys. The “fingers” were formed during the Wisconsian Glaciation when two lobes of the
Laurentide Ice Sheet (Lake Michigan and Saginaw) formed an outwash plain (Schaetzl and Weisenborn,
2004). The Grayling Fingers are a plateau-like landform, topographically sloping from north to south.
These uplands are the highest elevation in the northern portion of the Lower Peninsula and serve as a
drainage divide. The northern most tip of the Fayette Finger is at an elevation of 1,519 feet above mean
sea level (MSL) (feet amsl). Just south of Grayling is an east-west trending moraine with a high point of
1,290 feet amsl. The city of Grayling sits between these two features in a valley at an elevation of
1,137 feet amsl. To the north, east and southwest of the city are low lying freshwater forested/shrub
wetlands.

2.2 Climate

The Great Lakes Integrated Sciences and Assessments (GLISA), a regional National Oceanic and
Atmospheric and Administration {(NOAA) funded center, classifies Grayling in the Northeast Lower
Michigan Climate Division. Lake effect precipitation is heightened in this division and produces powerful
sudden snowstorms during winter months. Annual temperatures range from ~18 °F in January to ~67 °F
in July. Typically, the winds from the Great Lakes create a cooler summer with a shortened growing
season and increased winter precipitation annually averaging 125-150 inches (GLISA, NWS, 2018).

2.3 Hydrogeology

Grayling is located within the Michigan Basin, an expansive under-formed intracratonic basin
encompassing the Lower Peninsula, eastern half of the Upper Peninsula, Lake Michigan, Lake Huron,
and parts of Wisconsin, Indiana, Ohio, and Ontario. Paleozoic sediments from an ancient sea were
deposited within the basin, overlaying Precambrian and Cambrian basement rocks. The sedimentary
beds dip towards the center of the basin at one degree or less (Gillespie et al_, 2008).

The advance and retreat of glaciers during the Pleistocene shaped the topography of Lower Michigan
creating landforms such as moraines, kettle lakes, and outwash plains. The most recent glaciation of
Michigan occurred during the Wisconsin period, approximately 10,000 - 25,000 years ago. Glaciers up to
one-mile-thick carved away bedrock and transported this material until deposited as unconsolidated
glacial drift overlaying Paleozoic strata. Grayling is located between two landforms, Grayling Fingers to
the north and a moraine located south of the city. Schaetzl and Weisenborn (2004) interpret this area as
having an outwash core of over 200 feet thick and is associated with the deposition of several ice sheets.
The Grayling Fingers were originally a high outwash plain that was later incised by ice retreat. The
moraine south of Grayling is composed of like-age ice-contact outwash. The Au Sable River originates in
this outwash plain, flows east and feeds into Lake Huron.

The Montcalm and Grayclam Series are the dominate soil types. These soils are characterized as deep,
well to somewhat excessively drained and formed from glaciofluvial sediments. The Graycalm soil has
20-50% fine/very fine sand with up to 14% gravel and 3% cobbles (National Cooperative Soil Survey,
2012). The Montcalm soil consists of loamy sand, with weak fine granular structure and has up to 15%
gravel and cobble content (National Cooperative Soil Survey, 2018). Small portions of the soils are used
for croplands, and large areas are covered by forests predominately jack pine, northern hardwood, and
oak.
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Groundwater in the vicinity of Grayling occurs in a shallow, unconfined aquifer. Flow direction is generally
from the north to the south-southeast towards the confluence of the Au Sable River and the East Branch
ofthe Au Sable River.

2.4  Surface Water Hydrology

Grayling resides within the Au Sable River watershed. The river drains 1,932 square miles, has a length
of approximately 150 miles and is a major tributary to Lake Huron (MDNR, 2002). The Au Sable River
flows west to east near the southern portion of Grayling. The East Branch of the Au Sable River flows
north to south flanking the eastern boundary of Grayling before flowing into the Au Sable River. Mean
daily discharge values range from 789 cubic feet per second (ft3/sec) in August to 1,590 ft¥/sec in April
recorded at the field station in Mio, Ml (MDNR, 2002). Wooded wetlands can be found, north, east,
northeast and southwest of the city.
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3. Phase lll Field Investigation

The Phase Il field investigation focused on further delineating PFAS impacted groundwater east, west,
north, and south of the GAAF by installation of additional nested monitoring wells. The following sections
detall the objectives and activities performed during Phase Il Rl activities.

3.1  Access and Utility Clearance

AECOM coordinated with EGLE and, as necessary, local and county road commissions to obtain the
necessary access and permits required to complete the work for Phase Il of the RI.

Subsurface utilities were cleared through Michigan Miss Dig and 3’ party private utility locate services
prior to initiating the subsurface investigation. Boring locations were cleared for overhead utiliies or
obstructions during the site visit to determine accessibility. Additionally, the first 5 feet of each boring was
advanced using hand auger methods.

3.2 Decontamination

Due to the prevalence of PFAS in articles of commerce, cross contamination may occur between
sampling equipment and the samples. To ensure no cross-contamination occumred, AECOM collected
equipment blanks on any non-disposable equipment, such as water tanks, submersible pumps, pressure
washers, and water level meters prior to fieldwork activities. All non-dedicated equipment that came into
contact with samples was decontaminated with a Liquinox {or Alconox)-deionized water mixture.

Larger pieces of equipment {e.g., drll stem, tooling) were scrubbed with a polyethylene or PVC scrub
brush and Liquinox {or Alconox) water mixture and rinsed with a power washer. Water used for the power
washer was supplied from the City of Grayling Municipal Water from a fire hydrant on base. Water from
this hydrant was used due to the large volume needed to decontaminate these larger pieces of
equipment. PFAS analytical results of water samples from the hydrant on the base water supply well
were either non-detect or very low level and did not pose a cross-contamination concern to samples
collected.

3.3  Monitoring Well Installation and Development

Borings at each location were drilled with a Sonic 8140DT rotosonic drill rig, owned and operated by
Mateco Drilling Company. Soils were continuously logged by AECOM personnel using Environmental
Sequence Stratigraphy, including lithology, grain-size, sorting, moisture, and color. Sample descriptions
and monitoring well construction information were documented on boring logs (Appendix A). Boreholes
were terminated after either encountering 3 feet of clay to avoid penetrating a competent clay layer, or
refusal at depth due to lithology or mechanical limitations of the drilling equipment. Exceptions were the
sentinel well clusters (GAAF-MWO021 and GAAF-MWO022; Figure 2) that terminated at approximately the
same depth as the respective City of Grayling municipal drinking water well they were installed up-
groundwater gradient from.

Up to three 2-inch diameter and two 1-inch diameter PVC monitoring wells were installed per boring
location. Monitoring well depths and completion information are compiled in Table 1. Figure 2 shows the
16 locations where the Phase Il monitoring wells were installed.

The annular space of each boring was filled with sand pack from 2 feet below the bottom of each screen
to 2 feet above the top of each screen. The remaining annular space between the screens and to
approximately 1-foot below ground surface (bgs)was sealed with hydrated bentonite chips. Each well nest
was completed at-grade (flush mount) with a steel cover and a 2-feet by 2-feet concrete pad and each
individual monitoring well sealed with a j-plug type cap.

The monitoring wells were developed no sooner than 24 hours post installation by pumping and surging
using a submersible or air pump. The pump intake was periodically raised and lowered to develop the
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entire portion of the submerged screen. Water quality parameters were monitored during development
and recorded at periodic intervals. Monitoring wells were considered adequately developed when the
following conditions were met:

1. Water quality parameters stabilized.

2. An appropriate volume of water was removed (approximately 5 well volumes or amount equal to
volume of water used during installation, whichever was greater).

3. Water pumped from the monitoring well was relatively clear.

3.4 Groundwater Sampling

Two groundwater sampling events are included in this report. The first is the sampling event the occurred
in February 2020 included only newly installed and developed Phase Il monitoring wells. The second is
the March 2020 quarterly sampling event that included all RI groundwater monitoring wells (Phase Il and
Phase ).

Prior to each sampling event static water levels were measured and recorded from all monitoring wells
included in each event. These measurements are presented in Table 1.

Groundwater monitoring wells were sampled using EGLE-approved, low-flow, groundwater sampling
techniques. Water quality parameters (i.e. pH, temperature, specific conductance, ORP, turbidity and DO)
were monitored and recorded approximately every 5 minutes during purging. Groundwater samples were
collected after water quality parameters stabilized for three consecutive readings. Stabilization
parameters were as ollows: depth to water drawdown <0.33 feet, pH +/-0.1, Conductivity +/- 3%,
Turbidity +/- 10%, DO +/- 10%, Temperature +/- 5%, and ORP +/- 10mV. If water quality parameters did
not stabilize after ten readings, the well was sampled, and this deviation was documented on the
groundwater sample record sheet. Groundwater Sampling Forms are included in Appendix B.

3.5 Site Survey

On February 17, 2020 AECOM surveyed the geographical position and elevation of each well. A Trimble
RS8 RTK-GPS and a Leica NA730 were utilized to provide accurate and precise measurements within
0.03 feet horizontally and 0.01 feet vertically. The wells were located horizontally using the World
Geodetic System 84 UTM Zone 16, meters, and vertically using NAVD 88, international feet. The top of
casing (TOC) and ground surface elevation data for each well is tabulated in Table 1.

3.6 Investigation Derived Waste

Investigation Derived Waste (IDW) generated during phase Il of the Rl included disposable material such
as soil core liners, personal protective equipment (PPE), plastic sheeting, etc., drill cuttings, well
development water, purge water and decontamination water.

Disposable sampling materials and PPE were containerized and disposed of as ordinary solid waste.

Drill cuttings, excess soil from sampling were containerized in a roll-off, sampled for the Michigan list of 24
PFAS plus branched and linear isomers, and transported by Northern A-1 to Wexford County Landfill LLC.
Well development water, purge water, and decontamination water were containerized in a frac tank,
sampled for the Michigan list of 28 PFAS plus branched and linear isomers, and transported by Northern
A-1to Northern A-1 Services Inc. for disposal The waste disposal bill of ladings are included in Appendix
C.

3.7 Laboratory Analytical

All samples were collected in certified PFAS-free sample containers provided by the laboratory, labeled,
transferred to a cooler on ice, and submitted to the laboratory, under chain-of-custody documentation, for
analysis. Detailed sampling and handling procedures are provided in EGLE PFAS Sampling Guidance
documents.
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Vista Analytical Laboratory (Vista) in El Dorado Hills, California conducted the PFAS analysis using
Modified Environmental Protection Agency’s (EPA) Method 537 with isotope dilution. In 2009, USEPA
published reference Method 537 for finished drnking water, but this method is not appropriate for more
complex aqueous maftrices. The Modified Method 537 with isotope dilution is an internal standard
method. Internal standardization is a determinative technique where a chemical substance similar to the
analytes of interest is added to sample exiracts to quantify the target analytes.

EGLE currently has a recommended list of 28 PFAS to be reported for various environmental matrices
(e.g., groundwater, soil, surface water, etc..). This PFAS list was reported for all Phase Il groundwater
samples. The isotope dilution method was used for analysis of groundwater samples Phase Ill. Isotope
Dilution is widely accepted as a better technique for quantification where matrix interference may be
present and/or analyte loss may occur during the sample preparation process. The Department of
Defense’s accreditation program using DoD QSM Version 5.1 recognizes that isotope dilution is a better
technique for quantifying PFAS at low concentrations especially in complex environmental matrices due
to these matrix effects and requires isotope dilution quantification where the isotopically labeled analytes
ofinterest are available, and the target compound concentration is not so high that serial dilution or direct
injection is appropriate.

One duplicate sample was collected for every 20 groundwater samples collected. Additionally, field and
equipment blanks (if non-disposable equipment were used) were collected at a rate of one per every 20
samples collected. Appendix D contains laboratory analytical reports.
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4. Results and Discussion

4.1 Groundwater Flow

Static water levels measured during the March 2020 quarterly sampling event were used to create a map
showing shallow groundwater elevations and a generalized flow direction across the investigation area
(Figure 3). Groundwater elevations using all screen intervals ranged from 1,151.93 feet above mean sea
level (amsl) at GAAF-MWO027 north of GAAF to 1,119.42 feet amsl at GAAF-MWO009, west of the East and
main Au Sable River confluence. The groundwater elevations are provided in Table 1.

Groundwater flow direction is generally from north to south with groundwater east of the eastern
boundary of GAAF trending south-southeast toward the East Branch Au Sable River and confluence of
the east and main branches of the Au Sable River. Toward the south end of the GAAF there is a slight
groundwater divide where groundwater to the west of the divide flows in a south-southwesterly direction
and groundwater to the east of the divide flows in an east-southeasterly direction.

Vertical gradients were evaluated and are presented in Table 1, where the calculated vertical gradients
are relative to the shallowest screen in each well nest. Positive values represent a downward gradient
and negative values represent an upward gradient. The vertical gradient in the shallow aquifer is
generally downward with the exception of wells along the western portion of the GAAF area near the Au
Sable River (GAAF-MWO029, GAAF-MWO018, GAAF-MWO028, GAAF-MWO030 and GAAF-MWO016) where
the shallow vertical low is upward. The deeper screens in each well nest generally have an upward
gradient relative to the shallow screen. The maximum downward gradient (0.1324) is at GAAF-MWO013,
located in the southwest portion of the site area. The maximum upward gradient {(-0.0246) is at GAAF-
MWO021, located near the Au Sable River in the eastern portion of the site area. Flow nets showing the
vertical groundwater flow were developed along three cross section transects shown in Figure 4. The
cross-sectional flow nets are presented in Figures 5, 6, and 7.

In general, the flow nets, in conjunction with the groundwater elevation map, indicate that groundwater
flows toward and likely discharges to the Au Sable River. However, in localized areas where the river has
developed meander bends (e.g., near GAAF-MWO033) the groundwater may flow below the river at the
upstream portion of the meander bend before discharging to the river at the downstream portion of the
meander bend, as evidenced by elevated total PFAS concentrations observed at GAAF-MWO033 (Table 2
and Fgure 7), which suggest that PFAS-impacted groundwater is flowing below the River at the
upstream portion of the meander.

4.2 Geology

Continuous soil cores were collected from borings advanced during Phase Il field activities. Visual
observation and characterization of these soils confirmed the soil types collected in the two prior phases
of this investigation.

Three cross-sections were drafted for this report using geologic and groundwater analytical data collected
from all three phases of the RI (Figures 5 through 10). These cross-sections show the subsurface
geology and distribution of PFAS-impacted groundwater within the aquifer along the general direction of
groundwater flow from the eastern and southern boundaries of GAAF. These cross-sections generally
coincide with areas having the highest concentration of PFAS measured in groundwater and drinking
water wells.

Cross-section A-A' (Figure 8) extends from the eastern boundary of GAAF to the City of Grayling's
municipal drinking water well #2. Cross-section B-B' (Figure 9) follows the direction of groundwater flow
from the southeastern GAAF boundary to the City of Grayling's municipal drinking water well #1. Cross-
section C-C’ (Figure 10) follows the direction of groundwater flow from the southern boundary of the
GAAF to the Au Sable River.
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The majority of soils observed in core samples were fine to medium sands interbedded with coarse sand
and fine to medium gravels that extended from ground surface to between 40 feet near the southern and
eastern boundary of GAAF and greater than 160 feet west of the East Branch of the Au Sable River. The
interbedded coarser units ranged from 0.5 feet to 2 feetin thickness. These sandy soils are considered
the principal groundwater bearing unit for the study area.

Two distinct clay units were encountered throughout the investigation area. The most extensive of these
clay units appears to be basal in relation to the principal groundwater bearing unit described above,
acting as the apparent bottom of the aquifer. Soil cores from GAAF-MWO022 indicate this clay is
interbedded with fine to medium sands (Figure 9); however, the current dataset does not allow for a
comprehensive understanding of the extent of this interbedding or continuity of this clay unit throughout
the investigation area.

A shallower clay unit was encountered in borings near the East Branch of the Au Sable River (Figures 8
and 9). This clay was encountered between 30 to 40 feet bgs and extended to approximately 900 feet
west of the river. The thickness of this clay ranged between 75 feet in borings nearest the river (e.g., City
of Grayling Well #1) to under 20 feet in borings to the west of the river (e.q., GAAF-MW022).

4.3 Analytical Results

Analytical results discussed in this report include two sampling events. The first event was completed in
February of 2020 and only includes analytical results from the monitoring wells installed during the third
phase of field investigation work. The second sampling event includes the quarterly sampling event that
took place in March of 2020. This event includes analytical results from the entire monitoring well network
(i.e., Phase Il and Phase |ll monitoring wells).

A summary of the analytical results from the February and March 2020 sampling events is provided in
Table 2. Analytical results were compared to two criteria; the United States Environmental Protection
Agency (EPA) Lifetime Health Advisory (LHA) criteria of 70 nanograms per liter (ng/L) for
perfluorooctanoic acid {(PFOA) plus perfluorooctane sulfonic acid (PFOS), and the Part 201 Drinking
Water Criteria (DWC) for seven PFAS including perfluorononanoic acid (PFNA; 6 ng/L), PFOA (8 ngfl),
PFOS (16 ng/L, perfluorohexane sulfonic acid (PFHxS; 51 ng/L), perfluoro-2-propoxypropanoic acid
(HFPO-DA,; 370 ng/L), perfluorobutane sulfonic acid (PFBS; 420 ng/L), and perfluorohexanoic acid
(PFHxA; 400,000 ng/L). Table 3 (below) shows the number of samples with analytical results over either
the EPA LHA or Part 201 DWC for these two sampling events.

Table 3 - Summary of Analytical Detections Above Criteria

Samples Above

Criteria PFAS Applicable
Criteria

PFHxA 0

g PFOA 16

z PFNA 0

S HFPO-DA 0

E PFBS 0

< PFHxS 9
PFOS 11

g PFOA+PFOS 6

(TN}
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Figures 11 through 18 are heat maps for each individual PFAS with Part 201 DWC. These figures are
cumulative of all data collected during the Rl {i.e., Phases |, Il, and lll) and represent the highest
concentration detected at each location. The figures provide a spatial overview of individual PFAS
concentrations over criteria in groundwater throughout the investigation area. Figures 19 through 21 are
heat maps for PFOA, PFOS and PFHxS and represent data collected from VAS borings and monitoring
wells advanced or installed during the Rl {i.e_, the same information shown on Figures 12 through 14)
along with data collected from residential drinking water wells in the investigation area.

AFFF used on the GAAF is the suspected source of PFAS impacted groundwater in the investigation
area. Formulations of AFFF vary by manufacturer and can include dozens of compounds. While it is
important to evaluate concentrations of individual PFAS compounds of concern as lines of evidence in
evaluating and understanding the fate and transport of PFAS impacts, evaluating total PFAS (i.e., the sum
ofall PFAS analyzed) concentrations is an important, additional line of evidence in understanding the
overall footprint of PFAS-impacted groundwater within the investigation area. Figure 18 shows the
highest concentration of total PFAS for each sample location established during the RI. The highest
concentrations of PFAS detected were sample locations downgradient (i.e., along groundwater flow-
paths) of on-airfield vertical aquifer sample (VAS) location with the highest concentrations located on the
east, southeast, south, and southwest boundary of GAAF.

Geologic cross-sections (Figures 8 through 10) show that the higher concentrations of total PFAS (i.e.,
>70 ng/L) usually occurred in the shallower (i.e., approximately 20 feet bgs) portion of the aquifer nearest
the GAAF boundary, and in the deeper (i.e., approximately 60 feet bgs) portion of the aquifer down
gradient of the GAAF boundary. Near the Au Sable River, east-southeast of GAAF, the higher PFAS
concentrations appear to occur above the shallow clay unit (i.e., approximately 15 to 40 feetbgs in
GAAF-MWO009).

As discussed in Section 4.1 and presented in the cross-section flow nets in Figures 5 through 7, the
vertical gradient in the shallow portion of the aquifer is generally downward producing a plume that
becomes deeper away from the source area at the GAAF. However, as groundwater approaches the Au
Sable River, it appears that the gradient generally becomes upward and the groundwater could potentially
discharge to the river in some locations. Additionally, there is a potential that an upward groundwater
gradient in areas where utility lines (e.g., sanitary sewer lines) are present near the nver could resultin
groundwater discharging into utility corridors. Further evaluation of how groundwater may or may not be
interacting with the river andfor utility corridors is needed to better understand the fate and transport of
PFAS.
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5. Conclusions

The main objective of the third phase of Rl activilies was to further delineate the nature and extent of
PFAS in groundwater in the vicinity of GAAF.

Given the size of the investigation area (i.e., the area hetween the eastern, southern, and western
boundaries of the GAAF and the Main and East Branches ofthe Au Sable River), ease of site access,
and distribution and density of monitoring wells installed to date, the extent of PFAS impactin
groundwater is relatively well characterized for the purpose of understanding the general location and
extent of PFAS-impacted groundwater and establishing a monitoring well network that can be used to
monitor short- and long-term concentrations trends. However, the nature and extent of PFAS in areas
north of GAAF, and south and east of the river are not as well understood with the current hydrogeologic
dataset. Groundwater low and analytical results in these areas suggest the potential for other, unknown
PFAS sources.

Following the development and review of flow net diagrams (Figures 5 through 7), it appears that the
groundwater gradient becomes upward as groundwater approaches the Au Sable River, which indicates
that groundwater could potentially discharge to the river in some locations. Additionally, there is a
potential that an upward groundwater gradient in areas where utility lines (e.g., sanitary sewer lines) are
present near the river could result in groundwater discharging into utility corridors. While EGLE has
undertaken efforts to evaluate discharges to the Au Sable River and the city of Grayling sanitary sewer,
further evaluation of how groundwater may or may not be interacting with the river and/or utility corridors
is needed to better understand the fate and transport of PFAS.

Itis recommended that quarterly sampling of a small subset of key wells (e.g., sentinel wells, possibly
others), and semi-annual monitoring of a larger, but limited subset of wells be considered to monitor
groundwater concentrations over time. This should also include quarterly measurements of static
groundwater and surface water levels and generation of groundwater flow maps to monitor for
fluctuations in groundwater elevations and flow direction.
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Table 2
PFAS Nomenclature

Phase I1II Groundwater Monitoring Well Analytical Results

Grayling, Crawford County, Michigan

Chemical Name Abbreviation Cas Number
Perfluorobutancic acid PFBA 375-22-4
Perfluoropentanoic acid PFPeA 2706-90-3
Perfluorohexanoic acid PFHxA 307-24-4
Perfluoroheptanoic acid PFHpA 375-85-9
Perfluorooctanoic acid PFOA 335-67-1
Perfluorononanoic acid PENA 375-95-1
Perfluorodecanoic acid PFDA 335-76-2
Perfluoroundecanoic acid PFURA 2058-94-8
Perfluorododecanoic acid PFDoA 307-55-1
Perfluorotridecanoic acid PETrDA 72629-94-8
Perfluorotetradecanoic acid PFTeDA 376-06-7
11-Chloroeicosafluoro-3-oxaundecane-1-sulfonic acid [ 11CI-PF30UdS 763051-92-9
9-Chlorohexadecafluoro-3-oxanone-1-sulfonic acid 9CI-PF30ONS 756426-56-1
4 8-Dioxa-3H-perfluorononanoic acid ADONA 919005-14-4
Perfluoro-2-propoxypropanoic acid HFPO-DA 13252-13-6
Perfluorodecane sulfonic acid PFDS 335-77-3
Perfluorobutane sulfonic acid PFBS 375-73-5
Perfluoropentane sulfonic acid PFPeS 2706-91-4
Perfluorohexane sulfonic acid PFHxS 355-46-4
Perfluoroheptane sulfonic acid PFHpS 375-92-8
Perfluorooctane sulfonic acid PFOS 1763-23-1
Perfluorononane sulfonic acid PENS 68259-12-1
Perfluorooctanesulfonamide PFOSA 754-91-6
4:2 Fluorotelomer sulfonic acid 42 FTS 757124-72-4
16:2 Fluorotelomer sulfonic acid 6:2 FTS 27619-97-2
8:2 Fluorotelomer sulfonic acid 8:2FTS 39108-34-4
N-Ethyl Perfluorooctane sulfonamindo acetic acid EtFOSAA 2991-50-6
N-Methyl Perfluorooctane sulfonamide MeFOSAA 2355-31-9

Perfluoroalkyl Carboxylic Acids (PFCAs)

Perfluoropolyether carboxylic acids (PFPE)

Perfluoroalkane Sulfonic Acids (PFSAs)

Perfluorcalkane Sulfonamides (FASAS)

Fluorotelomer Sulfonic Acids (FTSAs)

N-Ethyl Perfluoroalkane Sulfonamidoacetic Acids (EtFASAAs)
N-Methyl Perfluoroalkane Sulfonamidoacetic Acids (MeFASAAs)

DRAFT
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