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SECTION 1

Introduction and Site Description

The Department of the Navy (Navy) Environmental Restoration Program at Naval Air Station (NAS) Whidbey Island,
which is within the Naval Facilities Engineering Command (NAVFAC) Northwest Division, contracted with CH2M
HILL, Inc. (CH2M) to perform an expedited site investigation at the NAS Whidbey Island Outlying Landing Field
(OLF) Coupeville. Activities for this investigation included installation of new groundwater monitoring wells,
aquifer testing, and sampling of the Keystone Hill water-supply well and nearby groundwater monitoring wells at
OLF Coupeville. This document provides an analysis of the data collected during monitoring well installation,
aquifer testing, and groundwater sampling at OLF Coupeville. This document also includes a description of the
groundwater flow model that was developed for the OLF Coupeville site as a part of the analysis. This work is
being performed under Comprehensive Long-term Environmental Action—Navy (CLEAN) 9000 Contract N62470-16-
D-9000, Contract Task Order 4041.

CH2M conducted field investigation activities at OLF Coupeville in December 2017 and January 2018. OLF
Coupeville is an active Navy installation near the Town of Coupeville, Washington. The locations of the NAS
Whidbey Island installations including OLF Coupeville are shown on Figure 1-1.

1.1  Purpose and Objectives

The Town of Coupeville operates a community drinking water well, the Keystone Hill well (KHW), located
approximately 200 feet west of OLF Coupeville. To satisfy anticipated increased demand, the Town of Coupeville
completed a water system plan in which the pumping rate of the KHW will be increased from 150 gallons per
minute (gpm) to 300 gpm to support an expanded drinking water distribution system. However, perfluorooctanoic
acid (PFOA), a per- and polyfluoroalkyl substance (PFAS), was detected in groundwater at three on-Base wells at
concentrations above the United States Environmental Protection Agency’s (USEPA’s) lifetime health advisory
(LHA). PFOA has recently been detected in drinking water samples collected from the KHW at concentrations near
the LHA. The Town of Coupeville is concerned that increasing extraction rates may result in higher PFAS
concentrations in water produced by the KHW. Information regarding the impact of pumping rates at the KHW on
groundwater conditions at the OLF Coupeville is necessary to evaluate the feasibility of expanding the Town of
Coupeville’s drinking water distribution system. This information is also necessary to support the Navy’s
evaluation of potential new drinking water sources for nearby properties where drinking water from private water
supply wells contains perfluorooctanesulfonic acid (PFOS) and/or PFOA above the USEPA’s LHA.

The objectives of this investigation were to:

e Determine the radius of influence (ROI) and extent of hydraulic capture of the KHW when operating under
normal (150 gpm) pumping conditions.

e Determine the ROl and extent of hydraulic capture through numerical modeling of the KHW when production
is increased to the Town of Coupeville’s proposed 300 gpm.

e Determine the current PFAS concentrations in the KHW and in specific monitoring wells at OLF Coupeville.

Data collected as part of this effort have also been used to improve understanding of the hydraulic characteristics
of the aquifer system beneath OLF Coupeville and the degree of hydraulic connection across the vertical extent of
the aquifer system at the site and with KHW.

1.2 Site and Background and Description

OLF Coupeville is a military airfield associated with NAS Whidbey Island. The OLF is 2 miles southeast of the Town
of Coupeville, Washington, in Island County (Figure 1-1). OLF Coupeville is located on a broad plateau of Smith
Prairie in southern Whidbey Island at an elevation of approximately 195 feet above the North American Vertical
Datum of 1988 (NAVD88). The paved runway is approximately 5,400 feet long and is bordered by grass

EC0404181420SEA 1-1
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maintained by mowing operations extending to the public roads (Navy, 1994). A runway safety area extends
approximately 3,300 feet south of the runway footprint and is bordered by trees and residential parcels.
Washington State Route 20 runs north-south along or near the eastern Base boundary and east-west near the
northern boundary; Keystone Hill Road runs north-south along a portion of the western boundary. Portions of the
airfield are within, and are bordered by, Ebey’s Landing National Historical Reserve. The southernmost portion of
the airfield is wooded and slopes steeply downward toward Admiralty Bay.

OLF Coupeville was commissioned for use by the Navy in 1943, and provides support for day and night Field
Carrier Landing Practice operations by the Navy for aircraft based out of NAS Whidbey Island. Such operations
allow aviators and crew to fly in patterns as well as practice touch-and-go, simulating carrier landings and take
offs.

1.2.1 Geologic Setting

Whidbey Island lies within the Puget Lowland, a topographic and structural depression between the Olympic
Mountains and the Cascade Range. The geology of the area is heavily influenced by glacial advances and retreats.
The geologic units on Whidbey Island thus consist of a sequence of Quaternary-age (less than 2 million years old)
glacial and interglacial deposits that may be over 3,000 feet thick (USGS, 1982). The near-surface deposits are
mostly glacial sediment of the most recent Fraser glaciation (10,000 to 20,000 years old).

The glacial and post-glacial sediments make up most of the surface and near-surface soil underlying the Base. In
general, these stratigraphic units consist of relatively impermeable clay, silt, and silty fine sand and gravels
(Everson glaciomarine drift and Vashon till), with interbedded layers of sands and gravels. Interbedded sands and
gravels were deposited by retreating glaciers. Along the island shoreline these sediments have been reworked
into sandy beach deposits. Low-permeability Cretaceous or Tertiary bedrock (older than 30 million years)
underlies the unconsolidated Quaternary deposits (USGS, 1988).

Surficial geology at OLF Coupeville consists of the Partridge Gravel, which was deposited by glacial meltwaters
and is composed of sand, gravel, and sand-gravel mixtures with minor interlayered silt and silty sand (Polenz et
al., 2005). Based on soil borings completed in 2017, the Partridge Gravel generally extends to depths of 180 to
200 feet below ground surface (bgs) at OLF Coupeville and is characterized by fine to medium sand with
intermittent occurrences of gravel and laterally discontinuous layers of silt and clay (NAVFAC, 2017).
Pleistocene deposits, including Vashon till, lie beneath the Partridge Gravel. In the vicinity of OLF Coupeville,
these deposits consist of heterogeneous clay, claystone, and silt and frequently contain organic material, such
as plant material and peat.

1.2.2  Hydrogeologic Setting

The unconfined groundwater table at OLF Coupeville generally occurs within the Partridge Gravel between 90 and
130 feet bgs. Perched groundwater may be present above the water table controlled by local occurrences of low
permeability silt and clay layers. With depth, localized layers of silt and clay may promote semiconfined to
confined aquifer conditions within the Partridge Gravel. Many local water supply wells are screened in the lower
portion of the Partridge Gravel. These wells are typically screened below 150 feet bgs in transmissive sand and
gravel.

An April 2017 groundwater elevation study of 27 monitoring wells located within the OLF Coupeville boundary
(NAVFAC, 2017) indicated groundwater elevation fluctuations during a 48-hour monitoring period ranged up to
0.6 foot. Study monitoring wells were typically screened within three general elevation intervals, which were
categorized based on their elevation relative to mean sea level: “shallow” (screened above 50 feet NAVD88),
“intermediate” (screened 0 to 50 feet NAVD88), and “deep” (screened near or below sea level NAVD88). The
shallow, intermediate, and deep screen interval designations do not indicate three discrete aquifers or water-
bearing zones. Rather, with the exception of some shallow wells possibly screened within localized areas of
perched groundwater, all of the shallow, intermediate, and deep screen intervals are located within the single
aquifer system that most local water supply wells (including the KHW) are completed in.
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SECTION 2

Field Activities Summary

This section documents the field activities that were performed at OLF Coupeville in December 2017 and January
2018. The following field activities were performed as part of this investigation:

e Monitoring well installation
e Aquifer test and groundwater level survey
e Drinking water and groundwater sample collection

The following sections detail the field activities that were completed during this investigation.

2.1 Monitoring Well Installation

Four groundwater monitoring wells (WI-CV-MW15S, WI-CV-MW15M, WI-CV-MW16S, and WI-CV-MW16M) were
installed near the KHW to observe the impact of KHW pumping on localized groundwater flow. Well installation
and development occurred between December 5 and December 22, 2017. Locations of groundwater monitoring
wells are shown on Figure 2-1.

2.1.1 Borehole Advancement

The four new groundwater monitoring wells were installed using sonic drilling techniques in accordance with the
Standard Operating Procedure (SOP) Installation of Monitoring Wells by Sonic Drilling, included in the Sampling
and Analysis Plan (SAP) (CH2M, 2017). Because of the possible presence of contaminants in the aquifer system, a
telescoping isolation casing system was used during drilling to limit the potential for vertical cross-contamination
in the borehole during drilling and well construction. Continuous soil cores were collected for lithologic
classification. Soil cores were closely examined for signs of saturation and the presence of fine-grained beds that
could indicate the presence of perched groundwater conditions. Lithology observed in the soil cores was logged in
accordance with SOP-I-E Soil and Rock Classification, included in the SAP (CH2M, 2017). Soil boring logs are
included in Appendix A.

2.1.2  Well Construction

Each monitoring well was constructed of 2-inch inside-diameter schedule 40 polyvinyl chloride (PVC) riser with
centralizers spaced at 20-foot intervals. Blank riser was connected to a 2-inch inside-diameter, factory-slotted PVC
screen. Additionally, 5 feet of blank casing with a bottom cap was installed below the screen interval to serve as a
sump. Ten feet of screen was used for all wells. The selectedscreened intervals were determined based on the
lithology observed during drilling. Well construction information is included in Table 2-1.

A silica sand filter pack was placed around the annular space of the sump and well screen from the bottom of the
borehole extending to a minimum height of 2 feet above the top of the well screen. A bentonite seal, at least 2
feet thick, was placed in the borehole annular space above the top of the sand pack. After the bentonite seal had
been hydrated, bentonite grout was placed in the borehole annular space to the ground surface.

All monitoring wells were finished with flush-mount completions that included a metal well vault and concrete
pad. A locking watertight cap was placed on the top of the PVC casing. The wells were labeled on the exterior of
the well vault with a metal stamp indicating the well identification. Well completion diagrams for all newly
installed monitoring wells are provided in Appendix B.
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Table 2-1. Monitoring Well Construction Summary
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TOC = top of casing
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2.1.3  Well Development

New groundwater monitoring wells were developed following installation. Development began on December 20,
2017 and was completed on December 22, 2017. Wells were developed using surge and purge methods. Wells
were surged by making 10-foot sweeps of the screened interval with a metal surge block for 20 to 30 minutes,
then bailed using a stainless-steel bailer until most of the sediment had been removed. Well purging was then
attempted using a submersible pump; however, the pump proved unable to lift groundwater to the surface.
Purging was ultimately completed by over-pumping with a manual lift pump until 10 well volumes had been
purged. Well development logs are provided in Appendix C.

Monitoring wells were surveyed by a professional land surveyor licensed in the State of Washington. The survey
report is included as Appendix D.

2.2 Aquifer Test

The OLF Coupeville aquifer test consisted of monitoring normal pumping rates (that is, pump on/off cycles) and
groundwater levels at the KHW as well as groundwater levels at several surrounding monitoring wells over the
course of approximately 11 days. Since the KHW is an active municipal drinking water supply well for the Town of
Coupeville, it operates on a predictable schedule and the regular pumping cycle provided for suitable pumping
and recharge periods. The test was designed so that, upon review of the data, a time interval with suitable data
could be selected for analysis.

2.2.1 Continuous Groundwater Level Monitoring

A total of 12 wells were instrumented with data logging pressure transducers to provide a continuous record of
groundwater level response (that is, drawdown and recovery) to pumping on/off cycles at the KHW during the
aquifer test. This information was used during transient calibration of the groundwater flow model, described in
Section 4. Instrumented wells included:

o KHW
e Four newly installed monitoring wells: WI-CV-MW15M, WI-CV-MW15S, WI-CV-MW16M, and WI-CV-MW16S

e Seven existing monitoring wells: WI-CV-MWO02S, WI-CV-MWO04M, WI-CV-MWO04S, WI-CV-MWO05M, WI-CV-
MWO07M, WI-CV-MWO07S, and WI-CV-MW14M

The selected wells provide coverage of multiple depth intervals in the local aquifer as well as good spatial
coverage across the OLF Coupeville site. The locations of instrumented wells are shown on Figure 2-1.

The 11 monitoring wells were instrumented with vented data-logging electronic pressure transducers with
maximum pressure ratings of 5 pound per square inch (psi) to monitor groundwater levels. A 15-psi rated data-
logging transducer was deployed at the KHW because groundwater level fluctuations were expected to be greater
within the pumping well.

Transducer deployment began on December 23, 2017. All of the transducers were deployed and programmed on
this date except for the WI-CV-MWO02S and WI-CV-MWO5M transducers, which were deployed on December 28,
2017. Transducers were programmed to log data at 1-minute intervals. Readings were recorded as a depth to
water (DTW) in feet below top of well casing (btoc). Data was downloaded periodically using an In-Situ
RuggedReader. During groundwater sampling (Section 2.3.1), transducer data logging at the well being sampled
was suspended, and the transducer was removed to allow the intake pump to be lowered to proper depth. The
transducer was replaced, and data logging resumed immediately after sampling of the well was completed.

Graphs showing the KHW ultrasonic flow meter data and the transducer data from monitored wells are provided
as Appendix E.
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2.2.2  Manual Groundwater Level Surveys

Manual groundwater level measurements were taken periodically during the aquifer test as a check on transducer
readings. Additionally, two rounds of manual groundwater level measurements were taken at all on-Base
monitoring wells. Round 1 occurred on December 27 and 28, 2017, and Round 2 occurred on January 8, 2018.
Groundwater levels were used to generate updated groundwater elevation contour maps and as targets for the
steady-state calibration of the groundwater flow model (Section 4). Measurements were taken with a Solinst
PFAS-free water level indicator. Well total depths were also measured and recorded when possible. The results of
the manual groundwater level surveys are presented in Tables 2-2 and 2-3.

2.2.3 Keystone Hill Well Flow Measurements

Volumetric flow rate was recorded at the KHW beginning December 23, 2017 and continued through January 2,
2018. A Seametrics J-Wave strap-on ultrasonic flow meter was used to measure flow rate. Ideal installation
specifications require 5 feet (pipe diameter x 15) of straight pipe upstream and 2 feet (pipe diameter x 5) of
straight pipe downstream. However, due to the configuration of the KHW plumbing, the ideal installation
requirements were not attainable. The flow meter was installed on an approximately 2.5-foot section of vertical
pipe, which was the longest length of straight pipe that was accessible. Photographs of the ultrasonic flow meter
setup are provided in Appendix F. During the aquifer test, periodic checks were made on the accuracy of the flow
readings using the analog totalizer permanently installed at the KHW.

2.3 Groundwater and Drinking Water Sampling

Drinking water samples and groundwater samples were collected from the KHW and on-Base monitoring wells,
respectively, to assess concentrations of 14 PFAS compounds. Drinking water and groundwater sampling methods
are outlined in the SAP (CH2M, 2017) and applicable SOPs.

2.3.1 Groundwater Sampling at Monitoring Wells

Groundwater samples were collected between December 29, 2017 and January 5, 2018. Groundwater was
sampled for PFAS at 11 groundwater monitoring wells under low flow and low stress conditions with the sample
pump intake placed at the middle of the screen interval. PFAS-free bladder pumps were used for sampling in
accordance with the SAP.

Depth to groundwater readings and groundwater quality parameters (WQPs) (specific conductance, pH, turbidity,
temperature, dissolved oxygen, and oxidation-reduction potential) were measured and recorded at approximately
every 3 to 5 minutes using a water quality meter. The water quality meter was calibrated daily. If excessive
drawdown was created at the minimum acceptable flow rate for low flow and low stress sampling conditions, the
pump intake was raised to within a few feet of the top of the groundwater column and a minimum of three well
volumes was purged. If the well went dry before purging three well volumes, a sample was collected after
recharge had taken place within 24 hours of purging.
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Table 2-2. Manual Groundwater Elevations at Instrumented Wells

SECTION 2 —FIELD ACTIVITIES SUMMARY

12/21/2017 12/22/2017 12/23/2017 12/28/2017 12/29/2017 12/30/2017 1/2/2018 1/3/2018
Monitoring Ele-{/gtﬁon
Well ID DTW GWE DTW GWE DTW GWE DTW GWE DTW GWE DTW GWE DTW GWE DTW GWE
(ft NAVD88) (g pioc)  (ft NAVDS8)  (ftbtoc)  (ft NAVDS8S)  (ftbtoc)  (ft NAVD8S)  (ftbtoc)  (ft NAVD88)  (ftbtoc)  (ft NAVD88)  (ftbtoc)  (ft NAVD88)  (ftbtoc)  (ft NAVD88)  (ftbtoc)  (ft NAVDSS)

WI-CV-MWO02S 193.17 -- - - -- - - 93.1 100.1 - -- 93.4 99.8 -- -- 93.2 100.0
WI-CV-MW04M 193.19 - - - - 123.2 70.0 - - - - 123.4 69.8 123.4 69.8 - -
WI-CV-MWO045 193.20 - - - - 106.6 86.6 - - - - 106.9 86.3 106.9 86.3 - -
WI-CV-MWO05M 190.64 -- - - -- - - 123.2 67.5 - -- 123.8 66.8 -- -- 123.2 67.4
WI-CV-MWO7M 199.57 - - - - 129.0 70.5 - - - - 129.4 70.1 - - 129.2 70.4
WI-CV-MWO075 200.02 - - - - 126.6 73.5 - - - - 126.8 73.3 - - 126.6 73.5
WI-CV-MW14M 191.61 122.8 68.8 - - 122.7 68.9 - - - - 123.2 68.4 122.4 69.2 - -
WI-CV-MW15M 193.35 - - 124.6 68.8 123.8 69.5 - - - - 125.0 68.4 - - 124.6 68.8
WI-CV-MW155 192.92 - - 124.2 68.7 124.0 68.9 - - - - 124.5 68.5 - - 123.7 69.2
WI-CV-MW16M 192.27 - - 124.6 67.7 1243 68.0 - - 1243 68.0 - - 123.0 69.3 - -
WI-CV-MW165 192.16 - - 124.5 67.6 124.2 68.0 - - 122.9 69.2 - - 124.2 68.0 - -
Keystone Hill well 194.74 133.9 60.9 - - 126.2 68.6 - - - - 135.0 59.7 - - 134.7 60.1

Notes:
-- = groundwater level not taken
GWE = groundwater elevation

EC0404181420SEA
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SECTION 2 —FIELD ACTIVITIES SUMMARY

Table 2-3. Manual Groundwater Elevations

Round 1 Round 1 Round 2
Monitoring Joc 12/27/2017 12/28/2017 1/8/2018
Well ID (ft NAVDSS) DTW GWE DTW GWE DTW GWE
(ftbtoc)  (ftNAVDSS)  (ftbtoc)  (ft NAVDSS)  (ftbtoc)  (ft NAVDSS)
WI-CV-MWO1D 194.58 141.22 53.36 - - 140.93 53.65
WI-CV-MWO1M 194.61 123.85 70.76 - - 123.70 70.91
WI-CV-MW02M 193.11 123.20 69.91 - - 123.08 70.03
WI-CV-MW02S 193.17 93.25 99.92 - - 93.08 100.09
WI-CV-MWO03D 193.07 143.02 50.05 - - 142,52 50.55
WI-CV-MWO3M 193.14 123.20 69.94 - - 123.05 70.09
WI-CV-MW04M 193.19 123.27 69.92 - - 123.76 69.43
WI-CV-MW04S 193.20 106.71 86.49 - - 107.51 85.69
WI-CV-MWO5M 190.64 123.24 67.40 - - 123.03 67.61
WI-CV-MWO05S 190.38 120.29 70.09 - - 120.65 69.73
WI-CV-MWO6M 197.87 - - 146.42 51.45 146.43 51.44
WI-CV-MWO06S 197.97 - - 134.71 63.26 134.69 63.28
WI-CV-MWO7M 199.57 - - 129.07 70.50 129.71 69.86
WI-CV-MWO07S 200.02 - - 126.48 73.54 126.55 73.47
WI-CV-MWOSM 205.21 - - 121.65 83.56 122.04 83.17
WI-CV-MWO08S 205.17 - - 117.91 87.26 117.94 87.23
WI-CV-MWO9M 187.23 - - 125.46 61.77 125.49 61.74
WI-CV-MWO09S 187.15 - - dry n/a dry n/a
WI-CV-MW10D 188.25 - - 141.11 47.14 141.19 47.06
WI-CV-MW10M 188.33 - - 136.10 52.23 136.03 52.30
WI-CV-MW11M 202.14 - - 131.17 70.97 131.55 70.59
WI-CV-MW11S 202.01 - - 130.99 71.02 130.90 71.11
WI-CV-MW12D 186.85 - - 160.31 26.54 160.16 26.69
WI-CV-MW12S 186.97 - - 105.99 80.98 106.07 80.90
WI-CV-MW13M 189.11 - - 126.94 62.17 126.74 62.37
WI-CV-MW13S 189.28 - - 109.99 79.29 110.01 79.27
WI-CV-MW14M 191.61 122.49 69.12 - - 122.83 68.78
WI-CV-MW15M 193.35 123.56 69.79 - - 124.53 68.82
WI-CV-MW15S 192.92 123.47 69.45 - - 124.13 68.79
WI-CV-MW16M 192.27 123.06 69.21 - - 124.61 67.66
WI-CV-MW16S 192.16 122.90 69.26 - - 124.53 67.63
Keystone Hill 194.74 126.4 68.3 - - - -
Notes:

-- = groundwater level not taken
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AQUIFER TEST, GROUNDWATER SAMPLING, AND DRINKING WATER SAMPLING DATA EVALUATION AND GROUNDWATER MODELING REPORT
PER- AND POLYFLUOROALKYL SUBSTANCES (PFAS) OUTLYING LANDING FIELD COUPEVILLE
NAVAL AIR STATION WHIDBEY ISLAND, OAK HARBOR, WASHINGTON

WQPs were considered stabilized for three consecutive readings as follows:

e Specific conductance readings remained within 0.01 millisiemens per centimeter (mS/cm) if < 1 or 0.02 mS/cm
if>1

e pH readings remained within 0.1 pH unit

e Turbidity readings were less than 10 nephelometric turbidity units (NTUs) or agreed within 10 percent

e Temperature readings remained within 0.1 degree Celsius (°C)

e Dissolved oxygen remained within 0.05 milligram per liter (mg/L) if <1 0or 0.2 mg/Lif>1

e Oxidation-reduction potential remained within 10 millivolts (mV)

Groundwater samples were taken at all wells where transducers were deployed (see Figure 2-1). Stabilized WQPs
recorded before sample collection are recorded in Table 2-4. Depth to water, WQPs, and total well depth
measurements were recorded on Groundwater Sampling Data Sheets included as Appendix G.

Table 2-4. Groundwater Quality Parameters

. Dissolved Oxidation- .-

ocatoni Sape Sampe g, Contuevy Tenperaure (oS! educton Tttty
(mg/L) (mV)

WI-CV-MWO02S 1/3/2018 14:50 8.28 0.480 10.88 0.18 169 3.86
WI-CV-MWO04M 1/2/2018 14:.04 8.90 0.285 9.85 0.00 -201 24.20
WI-CV-MWO04S 1/4/2018 14:40 7.89 0.268 8.39 6.99 151 7.02
WI-CV-MWO05M 1/5/2018 10:40 7.95 0.354 8.84 8.20 228 3.80
WI-CV-MWO07M 1/4/2018 12:25 8.40 0.381 8.59 0.00 -136 5.21
WI-CV-MWO07S 1/4/2018 12:45 7.83 0.684 8.02 0.00 6 0.00
WI-CV-MW14M 1/5/2018 12:10 8.18 0.334 10.17 0.00 -123 12.00
WI-CV-MW15M  12/30/2017 11:05 8.48 0.444 9.65 0.00 -240 13.60
WI-CV-MW15S  12/30/2017 13:40 8.40 0.401 10.08 0.87 19 27.90
WI-CV-MW16M 12/29/2017 14:25 8.22 0.405 9.38 4.79 198 7.92
WI-CV-MW16S  12/29/2017 14:49 7.89 0.365 8.31 0.00 34 27.70

During sample collection, quality control (QC) samples were collected at a rate of one field duplicate sample for
every 10 samples and one set of matrix spike/matrix spike duplicates sample for every 20 samples collected. One
equipment blank was collected each day of sampling from decontaminated pump equipment.

Groundwater samples were shipped in an ice-chilled cooler under chain-of-custody protocols to Vista Analytical
Laboratories in El Dorado Hills, California. Samples were analyzed for PFAS by liquid chromatography—mass
spectrometry (LCMS)compliant with Department of Defense Quality Systems Manual (QSM) version 5.1 Table B-
15.

2.3.2  Drinking Water Sampling at Keystone Hill Well

Since the KHW is classified as a drinking water supply well, the well was sampled using protocols for drinking
water sampling and analyzed via EPA Method 537. The sample was collected on December 30, 2017. The sample
point was a spigot in the pumphouse just west of the well vault. Prior to sampling, the spigot was turned on, and
water was allowed to run for approximately 5 minutes to purge any stagnant water from the line.
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SECTION 2 —FIELD ACTIVITIES SUMMARY

2.4 Investigation-derived Waste Management and Disposal

Wastes generated during the field activities were characterized as investigation-derived waste (IDW) and
managed in accordance with the SAP and applicable SOPs. Solid IDW generated from soil cuttings was
containerized in one 20 cubic yard roll-off box with a lid and secondary containment. Liquid IDW, which included
well development and purge water, decontamination water, and residual drilling mud was stored in a 20,000-
gallon steel fractionation tank with secondary containment. Soil and aqueous IDW was characterized as non-

hazardous and is currently awaiting disposal.
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SECTION 3

Data Analysis and Results

This section presents the analysis and results of the data collected during the field investigation detailed in
Section 2 and provides an updated conceptual site model (CSM) for the OLF Coupeville site.

3.1 Updated Conceptual Site Model

The initial CSM for OLF Coupeville was described in the Final Technical Memorandum: Evaluation of Per- and
Polyfluoroalkyl Substances in Groundwater Outlying Landing Field Coupeville (NAVFAC, 2018). The initial CSM is
provided in the SAP (CH2M, 2017). The CSM was updated with additional information collected during the
December 2017-January 2018 investigation.

The aquifer at OLF Coupeville has been previously discussed in the context of three general elevation intervals:
“shallow” (screened above 50 feet NAVDS88), “intermediate” (screened 0 to 50 feet NAVDS88), and “deep”
(screened near or below 0 feet NAVDS88). These designations are reflected in the well names by the designation
“S,” “M,” or “D”. While these designations are accurate for depicting the relative depths of individual wells within
a cluster, these descriptors do not necessarily correlate across the site because the surface elevations at each well
cluster vary. In other words, an “M” well at one location may have a significantly different well screen elevation
than an “M” well at another location. The true well screen elevations for all wells at the site were compared and
evaluated during the model layering effort and wells were assigned to model layers based on true well screen
elevation rather than well name designations (Figure 3-1). The elevation intervals described above do not indicate
three discrete aquifers or water-bearing zones. With the exception of shallow perched groundwater bearing units
that may occur locally, all three well elevation groupings present at the site occur within a single aquifer system
and are in hydraulic connection with one another. The terms shallow, intermediate, and deep are used to convey
depth information within the aquifer system at the site for the purposes of discussing variability in flow directions,
PFAS presence or absence, or other characteristics that may vary with depth.

The first encountered groundwater in the northern portion of the site is between 90 and 130 feet bgs. Selected
shallow wells may represent localized perched groundwater, but the available data do not confirm this. A
discontinuous clay and silt layer is present at some well cluster locations but pinches out in the southern portion
of the site. The underlying intermediate elevation interval is likely semiconfined, with confined conditions in some
areas of the northern portion of the site and unconfined conditions in the southern portion, near wells WI-CV-
MW10M and WI-CV-MW12S/D. The potentiometric surface for the intermediate elevation interval is at
approximately 60 to 85 feet NAVD8S, or 120 to 130 feet bgs. A heterogeneous clay, claystone, and silt confining
layer underlies the intermediate elevation interval and is interpreted to define the bottom of the Partridge Gravel.
Organic material (for example, plant material and peat) was frequently observed in this interval. Transmissive
sand zones are present within and beneath the organic silt and clay unit. Borings completed at the site were
typically terminated in the organic clay zone or sand zones within or beneath it. For this assessment, these sand
zones are considered part of the deep elevation interval.

3.2 Aquifer Test Results Summary

Up to 9 feet of drawdown was recorded at the KHW during the aquifer test period when the well was periodically
pumped at rates ranging from approximately 120 to 150 gpm. Groundwater levels observed at nearby monitoring
wells during the aquifer test indicate that several locations in the surrounding aquifer are hydraulically impacted
by pumping at the KHW. Groundwater level fluctuations in response to KHW pumping at WI-CV-MW14M
(approximately 500 feet away) were approximately 0.5 foot or less. Larger responses were observed at wells WI-
CV-MW15M/S and WI-CV-MW16M/S (approximately 370 and 190 feet from the KHW, respectively) where
drawdown in response to pumping was 1 to 1.5 feet. Hydrographs are provided in Appendix E for the wells
monitored during the KHW aquifer test.
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AQUIFER TEST, GROUNDWATER SAMPLING, AND DRINKING WATER SAMPLING DATA EVALUATION AND GROUNDWATER MODELING REPORT
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Groundwater drawdown measured in wells monitored during the KHW aquifer test ranged from 0 to 1.5 feet. The
maximum drawdown of 1.5 feet occurred at monitoring well WI-CV-MW16M, located closest to the KHW
(distance of approximately 190 feet). Groundwater contour maps have been generated for both the intermediate
and deep elevation intervals based on groundwater level data collected on January 8, 2018 and included as
Figures 3-2 and 3-3, respectively. Figure 3-2 indicates the presence of a groundwater mound in the intermediate
elevation interval located in the northeast portion of the site, with groundwater flowing radially outward from the
center of the mound. In the deeper elevation interval (Figure 3-3), the groundwater flow directions are similar to
the intermediate interval; however, the available monitoring well infrastructure can only define flow directions to
the south and east of the site. Note that data collected at WI-CV-MWO06M were excluded from the contouring
because the water level in that well was anomalously low compared to surrounding data.

3.3 Sampling Results Summary

Groundwater and drinking water samples were analyzed for 14 PFAS constituent analytes. Groundwater and
drinking water sample results for perfluorobutane sulfonate (PFBS), PFOS, and PFOA are presented in Table 3-1
and shown on Figure 3-4. Comprehensive laboratory results are presented in Appendix H. The following is a
summary of the drinking water (KHW) and groundwater (monitoring wells) results from samples collected in
December 2017 and January 2018:

e PFBS — PFBS was detected in six groundwater samples, ranging from 10 parts per trillion (ppt) in the sample
taken from WI-CV-MW14M to 533 ppt in the sample taken from WI-CV-MWO05M. None of the detections of
PFBS exceeded the Regional Screening Level (RSL) of 380,000 ppt (USEPA, 2016a). PFBS was also detected in
the drinking water sample collected from the KHW at a concentration of 12.9 ppt.

e PFOS - PFOS was detected in six samples, ranging from an estimated 1.24 ppt in the sample taken from WI-
CV-MW14M to 87.8 ppt in the sample taken from WI-CV-MWO02S. The sample taken from WI-CV-MWO02S
exceeded the USEPA LHA of 70 ppt for PFOS.

e PFOA - PFOA was detected in six groundwater samples ranging from 8.86 ppt in the sample taken from WI-
CV-MW14M to 1,220 in the sample taken from WI-CV-MWO5M. Samples from five wells, WI-CV-MWO02S, WI
CV-MWO05M, WI-CV-MW15S, WI-CV-MW16M, and WI-CV-MW16S, exceeded the USEPA PFOA LHA of 70 ppt.
PFOA was also detected in the drinking water sample collected at the KHW, but the estimated concentration
of 54.1 ppt did not exceed the USEPA LHA for PFOA.

Figure 3-4 presents the PFBS, PFOS, and PFOA results from samples collected in February/March 2017 (December
2016 for the KHW) and December 2017/January 2018. As shown on Figure 3-4, wells that were sampled during
both events include: WI-CV-MWO02S, WI-CV-MWO04S/M, WI-CV-MWO05M, WI-CV-MW-7S/M, WI-CV-MW14M, and
the KHW. PFBS, PFOS, and/or PFOA concentrations were generally lower in wells along the western OLF
Coupeville boundary and were generally higher in wells in the central and eastern portion of OLF Coupeville
during the recent sampling event than in February/March 2017. The highest combined PFOA and PFOS
concentration measured during the December 2017/January 2018 event, 1,222.8 ppt, was from well WI-CV-
MWO5M. Samples from WI-CV-MWO02S, WI-CV-MW15S, WI-CV-MW16M, and WI-CV-MW16S also exceeded the
LHA but to a lesser degree.
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SECTION 3 — DATA ANALYSIS AND RESULTS

Table 3-1 Groundwater Sampling Results for PFAS Analytes

sample PFAS Analytes
Sample ID Locati Sample Date
ocation PFBS PFOS PFOA PFOS+PFOA EtFOSAA MeFOSAA PFHpA PFHXS PFNA PFDA PFDoA PFHxA PFTeDA PFTrDA PFUnA
WI-CV-1RW23-1217 Keystone Hill Well 12/30/2017 129 47U 54.1) 54.1 47U 47U 8.45) 59.2) 47U 47U 47U 27 4.7 U) 47U 47U
WI-CV-MW025-0118 WI-CV-MWO02S 1/3/2018 390 87.8 1010 1097.8 5.48 U 5.48 U 234 7700 548U 548U) 5.48U 1010 5.48 U 5.48 U 5.48 U
5.34
WI-CV-MWO04M-0118 WI-CV-MWO04M 1/2/2018 534U 1.25) U 1.3 5.34 U 5.34 U 5.34 U 534U 534U 534U 5.34 U 5.34 U 5.34 U 5.34 U 5.34 U
WI-CV-MW04S-0118 WI-CV-MWO04S 1/4/2018 53U 53U 53U ND 53U 53U 53U 53U 53U 5.3 UJ 53U 53U 53U 53U 53U
WI-CV-MWO05M-0118 WI-CV-MWO5M 1/5/2018 533  2.84) 1220 1222.8 5.34 U 5.34 U 263 1070 534U 534U) 534U 1240 5.34 U 5.34 U 5.34 U
5.34 534
WI-CV-MWO07M-0118 WI-CV-MWO7M 1/4/2018 5.34 U U U ND 534U 534U 5.34 U 534U 534U 534U) 534U 5.34 U 5.34 U 5.34 U 5.34 U
5.17  5.17
WI-CV-MW07S-0118 WI-CV-MWO07S 1/4/2018 5.17 U U U ND 5.17U 5.17U 5.17 U 517U 517U 5.17U) 517U 5.17U 5.17U 5.17 U 5.17 U
WI-CV-MW14M-0118 WI-CV-MW14M 1/5/2018 10 1.24) 8.86 10.1 5.43 U 5.43 U 3.19) 11.1 543U 543U) 543U 18.9 5.43 U 5.43 U 5.43 U
525 5.5
WI-CV-MW15M-1217 WI-CV-MW15M 12/30/2017 525U U U ND 5.25U 5.25U 5.25U 525U 525U 525U 5.25U 5.25U 5.25U 5.25U 5.25U
5.21
WI-CV-MW155-1217 WI-CV-MW15S 12/30/2017 15.8 U 253 253.0 521U 521U 3.32) 363 521U 521U 521U 52.9 521U 5.21U 5.21U
WI-CV-MW16M-1217 WI-CV-MW16M 12/29/2017 348 263) 373 375.6 5.17 U 5.17 U 30.9 149 517U 5.17U 5.17 U 104 ) 5.17U 5.17 U 5.17U
WI-CV-MW16S-1217 WI-CV-MW16S 12/29/2017 36.6 3.47) 297 300.5 53U 53U 34.8 216 53U 53U 53U 106 53U 53U 5.3U
USEPA LHA (May 2016) - 70 70 70 - - - - - - - - - - -
USEPA RSL (November 2017) 400,000  -- - - - - - - - - - - - - -

Notes:

J - analyte present, value is estimated

U - not detected

-- - no screening criteria available

EtFOSAA - N-ethylperfluoro-1-octanesulfonamidoacetic acid
KHW - Keystone Hill Well

LHA - lifetime health advisory

MeFOSAA - n-methylperfluoro-1-octanesulfonamidoacetic acid
ppt - parts pertrillion

PFBS - perfluorobutansulfonate

PFDA - perfluorodecanoic acid

PFDoA - perfluorododecanoic acid

PFHpA - perfluoroheptanoic acid

PFHXA - perfluorohexanoic acid

PFHXS - perfluorohexanesulfonic acid

PFNA - perfluorononanoic acid

PFOS - perfluorooctanioc sulfonate

PFOA - perfluorooctanioc acid

PFTeDA - perfluorotridecanoic acid

PFTrDA - perfluorotridecanoic acid

PFUNA - perfluoroundecanoic acid

RSL - regional screening level

Shading indicates exceedance of USEPA Lifetime Health Advisory
Bolded text indicates detection
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SECTION 3 — DATA ANALYSIS AND RESULTS

3.4 Data Validation

Data validation was performed on groundwater and drinking water samples collected December 29, 2017 through
January 4, 2018 from OLF Coupeville. The data validation report is included in Appendix I. The data validation
included a review for systematic errors or patterns that are found in the distribution of data qualifiers.

The groundwater samples were analyzed for PFAS by LCMSMS Compliant with QSM 5.1 Table B-15 and drinking
water samples were analyzed by USEPA Method 537 as specified in the SAP (CH2M, 2017). The data packages
were then reviewed by an independent data validator based on the criteria outlined by National Functional
Guidelines for Superfund Organic Data Review (USEPA, 2016b). Excluding field QC samples, 210 distinct data
points were generated, and 20 results were qualified with J-qualifiers (because of the low sample concentrations),
and 158 were U-qualified (because of blank contamination).

All results are usable as qualified. The overall conclusion is that the data set generated is acceptable and
appropriate for its intended use.
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Well ID MW11S MW11M | |Well ID MWO04s MW04M Well ID WI-CV-WLO01
Screened Interval (ft bgs)| 130-140 155-165 Screened Interval (ft bgs) 112-122 149-159 Well Depth (ft bgs) 162
Sample Date 2/26/2017 2/26/2017 Sample Date 3/1/2017 1/4/2018 2/28/2017 1/2/2018 Sample Date 9/19/2016
PFBS 391 U 7.66 U | _|PFBS 391 U 53U 4.03 U 53U PFBS 10U
PFOS 1) 172 U PFOS 0.879 U 53U 0.907 U 1.25) PFOS 10U
PFOA 1.95 U 3.83 U PFOA 1.95 U 53U 202 U 53U PFOA 3U
PFOS + PFOA 1) ND | |PFOS +PFOA ND ND ND 1.25) PFOS + PFOA ND
I\\
Well ID MWO08S MWO08M
Screened Interval (ft bgs)| 121-131 150-160
Well ID MWO07S MWO07M Sample Date 3/2/2017 3/4/2017
Screened Interval (ft bgs) 130-140 183-193 PFBS 385 U 391 U
Sample Date 3/4/2017 1/4/2018 3/4/2017 1/4/2018 PFOS 0.865 U 0.879 U
PFBS 439 U 517U 391 U 534U PFOA 1.92 U 1.95 U
PFOS 0.987 U 517U 0.844 J 534U PFOS + PFOA ND ND
PFOA 219 U 517U 1.95 U 534U
PFOS + PFOA ND ND 0.844 J ND Well ID MWO0iM | MWO01D
Screened Interval (ft bgs)| 148-158 202-212
Well ID MW15S MW15M Sample Date 2/28/2017 2/28/2017
Screened Interval (ft bgs)| 132-142 164-174 PFBS 394 U 4 U
Sample Date 12/30/2017 | 12/30/2017 PFOS 0.886 U 09 U
PFBS 15.8 525U PFOA 1.97 U 2 U
PFOS 521U 525U PFOS + PFOA ND ND
PFOA 253 525U
PFOS + PFOA 253 ND
Well ID MW16S | MW16M
Screened Interval (ft bgs)| 130-140 165-175
Sample Date 12/29/2017 | 12/29/2017
PFBS 36.6 34.8
PFOS 3.47) 2.63)
PFOA 297 373
PFOS + PFOA 300 376 Well ID MWO02S MWO02M
Screened Interval (ft bgs) 92-102 153-163
Well ID Keystone Hill Well Sample Date 3/1/2017 1/3/2018 3/1/2017
Well Depth (ft bgs) 190 PFBS 332 390 3.88 U
Sample Date 12/6/2016 12/30/2017 PFOS 54.7 87.8 0.872 U
PFBS 99 U 12.9 PFOA 571 1010 1.94 U
PFOS 43U 47U PFOS + PFOA 626 1098 ND
PFOA 61 54.1)
PEOS + PEOA 61 54.1) Well ID MW05S MWO5M
Screened Interval (ft bgs)| 114-124 160-170
Well ID MW14M I Sample Date 2/24/2017 2/23/2017 1/5/2018
Screened Interval (ft bgs) 161-171 PFBS 12.9 473 533
Sample Date 3/4/2017  1/5/2018 PFOS 0.922 U 3.26 2.84)
PFBS 111 10 PFOA 9.87 1,190 1,220
PFOS 0.898 J 1.24) PFOS + PFOA 9.87 1,193 1,223
PFOA 166 8.86
PFOS + PFOA 167 10.10 \ Well ID MWOES | MWOGM
Screened Interval (ft bgs)| 130-140 174-184
Well ID MWO03M MWO03D Sample Date 2/22/2017 | 2/21/2017
Screened Interval (ft bgs)| 145-155 222-232 PFBS 397 U 391 U
Sample Date 2/27/2017 | 2/27/2017 PFOS 0.893 U 0.879 U
PFBS 3.88 U 391 U PFOA 1.98 U 1.95 U
PFOS 0.872 U 0.914 J PFOS + PFOA ND ND
PFOA 1.94 U 1.95 U
PFOS + PFOA ND 0.914 J Well ID MwiomM [ MwW10D
Screened Interval (ft bgs)| 144 -154 191-201
Well ID MW13S MW13M Sample Date 2/22/2017 2/20/2017
Screened Interval (ft bgs)| 105-115 173-183 PFBS 3.07 J 3.8 U
Sample Date 3/3/2017 2/22/2017 PFOS 0.938 U 0.865 U
PFBS 407 U 139 PFOA 2.08 U 1.92 U
PFOS 0.915 U 0.872 U - PFOS + PFOA ND ND
PFOA 203 U 20.4 3
PFOS + PFOA ND 20.4 Well ID Mwo9s | mMwoom | \ Well ID MwW12s | MW12D
Screened Interval (ft bgs) 96-106 182-192 | Y TTTTUTrm—e——o -\\ \\\ Screened Interval (ft bgs) 92-107 183-193
Sample Date NA 2/23/2017 \ N, |SampleDate NA 3/1/2017
PFBS NS 1.2 \ \, |PFBS NS 3.97 U
PFOS NS 0915 U \ \ |PFOS NS 0.893 U
PFOA NS 203 U \\ \PFOA NS 1.98 U
PFOS + PFOA NS ND \ PFOS + PFOA NS ND
\\\ \ \
Notes \ \
Full well names include "WI-CV-" preceding the well number; \ \
however names have been abbreviated for figure presentation. | \
OLF - Outlying Landing Field Well ID WI-CV-WL02 \ A\,
PFBS - perfluorobutanesulfonic acid Well Depth (ft bgs) 178 \\ e
PFOS - perfluorooctane sulfonate Sample Date 9/19/2016 \ \
PFOA - perfluorooctanoic acid PFBS 110 \ \,
units - parts per trillion (ppt) Eigi 1170qu \ \
J - analyte detected, concentration is estimated PEOS + PEOA 17.5 \ \,
U - not detected \\ o N\
NA - not applicable \ N\
ND - not detected \ \
NS - not sampled \ \
Bold indicates detection N 3 \
Shading indicates exceedance of USEPA Lifetime Health | AN
Advisory (70 ppt) | \
Where applicable, the higher concentration between the e A\
primary and field duplicate samples is shown.
Samples were not collected from MW09-S and MW12-S
because the wells were dry at the time of sampling.
h |
Legend Figure 3-4
X OLF Coupeville Supply Well Summary of Groundwater PFAS Concentrations
O Monitoring Well with no exceedance of LHA ) Naval Air Station Whidbey Island
® Monitoring Well with LHA exceedance ’& Coupeville, Washington
© No detections of PFAS N
O Not Sampled (Dry)
/A Community Drinking Water Well 0 0.1 0.2
Direction of Groundwater Flow in the Intermediate Elevation Interval of the Aquifer e il
=P Direction of Groundwater Flow in the Deep Elevation Interval of the Aquifer 1inch = 0.2 mile
i..._l Base Boundal’y |magery Source: Esri For Off|C|a| Use Only




SECTION 4

Groundwater Flow Model

The data collected during the KHW aquifer test were used to inform the construction and calibration of a three-
dimensional (3D) numerical groundwater flow simulation model. This section documents the approach used to
develop the model. The model is referred to as the Coupeville Groundwater Flow Model (CGFM).

4.1 Modeling Objectives

The general objective for developing a numerical groundwater flow model was to provide a tool to investigate
groundwater behavior at OLF Coupeville and potentially assist future alternatives analysis for PFAS remediation.
The following are more specific, short-term objectives:

e Evaluate the capture zone of the KHW under current pumping rates.
e Evaluate the capture zone of the KHW under proposed increased pumping rates.
e Evaluate potential migration paths from areas where PFAS contamination has been detected.

The following sections describe the activities associated with the modeling effort to achieve these objectives.

4.2 Model Design and Construction

The design of the numerical model resulted from translating the conceptual model, described in Section 3.1, into
a form suitable for numerical modeling. The following steps were completed when developing the numerical
model:

e Select a numerical groundwater flow model code

e Establish a 3D model domain and develop a 3D model grid

Spatially distribute land-surface elevation values

Spatially distribute aquifer parameter values (hydraulic conductivity and storage)
e Establish boundary conditions for calibration

e Select an appropriate time discretization

The following subsections describe the methodology used to complete these steps.

421 CodeSelection

The MODFLOW-NWT code (Niswonger et al., 2011; USGS, 2018) was selected for this effort, in conjunction with
the Groundwater Vistas Version 7 (ESI, 2017) pre- and post-processing software package. MODFLOW-NWT is an
updated formulation of MODFLOW-2005 (Harbaugh, 2005). It is a stand-alone computer code that was developed
to provide a more robust solution to the nonlinear unconfined groundwater flow equation. MODFLOW-NWT
accommodates developing a physically-based, spatially-distributed numerical model. It includes several packages
for simulating 3D groundwater flow. The MODFLOW-NWT code was selected for the following reasons.

e MODFLOW-NWT is based on MODFLOW-2005, which has been used extensively in groundwater evaluations
worldwide for many years and is well documented. MODFLOW-NWT contains an improved solution scheme
that can better handle complex, variably-saturated conditions.

e MODFLOW-NWT has been benchmarked and verified, so that the numerical solutions generated by the code
have been compared with one or more analytical solutions, subjected to scientific review, and used on
previous modeling projects. Verification of the code confirms that MODFLOW-NWT can accurately solve the
governing equations that constitute the mathematical model.

The CGFM is conceptualized mathematically as a single density subsurface flow regime. The subsurface flow
regime includes the hydraulic parameters that control groundwater movement and rates. All model layers are
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treated as vertically integrated, unconfined layers to facilitate simulating complex 3D flow conditions. The CGFM
also accommodates the standard suite of flow model boundary conditions.

The theory and numerical techniques that are incorporated into MODFLOW-NWT and the CGFM have been
scientifically tested. The governing equations for variably saturated subsurface flow are well established and have
been solved by several modeling codes over the last few decades on a wide range of field problems. Thus, the
scientific bases of the theory and the numerical techniques for solving these equations have been well
established. The MODFLOW-NWT user’s manual (Niswonger et al., 2011) details the governing equations and the
numerical techniques for solving the system of equations.

4.2.2 Model Domain

Areal Characteristics of Model Grid

CH2M developed a numerical model grid that mathematically represents an approximately 50-square-mile area
roughly centered around the OLF Coupeville site. Figure 4-1 illustrates the CGFM grid, which was partitioned into
grid blocks (that is, cells) horizontally spaced on 40- to 1,325-foot centers. The model grid was aligned north-south
and east-west and georeferenced to the 1983 North American Datum (NADS83) of the Washington State Plane
North coordinate system in units of feet. The model domain was aerially discretized into 396 rows and 241
columns resulting in 95,436 total cells per model layer. The model cells that overlie open water were not included
in the simulation and were designated as inactive cells, resulting in a total of 85,837 active cells per layer. The
locations of the active model domain boundaries were selected to include the entire land mass of Whidbey Island
in this area and extending just beyond the shoreline of the island. This definition of the model domain takes
advantage of the natural hydrologic boundaries that exist in the local groundwater flow system. Extending the
model domain just beyond the shoreline provides for the assignment of boundary conditions along the perimeter
of the island that represent the equivalent freshwater head adjacent to the island aquifer system.

Vertical Characteristics of Model Grid

CH2M developed five vertically-stacked layers to provide a 3D representation of the subsurface system. The basis
for Model Layers 2 through 4 was largely associated with the approximate elevation ranges of available well
screen elevation intervals at OLF Coupeville. These intervals are illustrated on Figure 4-2. Note that these intervals
are determined by absolute elevation as opposed to the aforementioned shallow, intermediate, and deep
intervals determined by depth of well screens bgs. Since surface elevations change drastically throughout the
model domain, layer thicknesses outside the OLF Coupeville boundary correspond to the average bgs depths of
the screen intervals rather than average elevation ranges. Model Layer 1 was included as a mostly dry layer to
facilitate transmission of recharge down to the lower layers. Model Layer 5 was included as a 50-foot-thick basal
aquitard. The distribution of model layers is depicted on Figure 4-2.

4.2.3 Topography and Bathymetry

The top of Model Layer 1 represents the land surface. Two types of data were used to prepare the land-surface-
elevation data sets for the CGFM, including 2001-2002, 6-foot bare Earth light imaging, detection, and ranging
(LiDAR) data and 2005, 30-foot State of Washington Oceanography bathymetric data. Data from these sources
were combined and processed. The LiDAR data were retained over the portion of the model domain covering the
land mass, and the bathymetric data were retained over portions of the model domain covering large water
bodies. This combined data set represents the best available topography and bathymetry across the study area.
This data set formed the basis for land-surface and sea-bottom elevations that were assigned in the CGFM.
Figures 4-3 and 4-4 illustrate the land-surface and sea-bottom elevations incorporated into the top of the CGFM
model grid.

4-2 EC0404181420SEA



SECTION 4 — GROUNDWATER FLOW MODEL

4.2.4  Subsurface Hydraulic Parameters

Hydraulic Conductivity

Initial hydraulic conductivity estimations were made according to lithology. Lithologic information from nearly 500
wells within the model domain were available from Island County. Using environmental visualization software
(EVS) — a 3D kriging software — a 3D lithologic model was developed for the model domain. As a QC check, the
cross-sections of the EVS lithologic model were compared to cross-sections developed from soil-boring logs for an
April 2017 groundwater investigation report (NAVFAC, 2017). Lithologies were translated into conductivity fields
by assigning approximate conductivity values to each lithology type (gravel, sand, silt, and clay) and then sampling
the lithologic model and discretizing it to the 3D model grid. Figure 4-5 illustrates the initial distribution of
lithology types input to the model.

Storage

The specific yield and storativity of the aquifer system at the site were also included in the calibration effort
described in the following subsections, and the final values obtained from the calibration are reported in Section
4.3. Initial estimates for these values were 0.10 for specific yield and 1x10™ for specific storage; however, these
parameters were later adjusted during the Model-Independent Parameter Estimation and Uncertainty Analysis
(PEST)?! autocalibration process to yield 0.012 for specific yield and 5.3x107 for specific storage.

4.2.5 Boundary Conditions

Boundary conditions are mathematical rules that specify head and/or flux at particular times and at particular
locations within the model domain. Figure 4-6 summarizes the transient boundary conditions that were used to
calibrate the CGFM. The following three types of boundary conditions were used in the CGFM:

e Head-dependent flux: Head and hydraulic-conductance values were assigned to model cells, and
groundwater fluxes were computed by the model code across the boundary using an appropriate governing
equation.

e Specified flux: Volumetric groundwater fluxes were assigned to selected model cells, some of which remained
unchanged throughout the simulation; others varied with time. A specified-flux cell is a two-way boundary
condition whereby negative values indicate groundwater exiting the model domain, and positive values
indicate groundwater entering the model domain.

o No-flow: Groundwater can flow parallel to the boundary but not across it.

Head-dependent-flux Boundaries

The active portion of the model covers only the island and immediate off-shore areas. Head-dependent-flux
boundaries were assigned as general head boundaries to model cells in immediate off-shore areas as illustrated
on Figure 4-6. The reference heads were determined by equivalent freshwater heads of the offshore water
column. Equivalent freshwater heads were calculated using mean tide levels, offshore bathymetry, and average
Puget Sound salinity. The conductance terms were initially assigned based on assumed hydraulic conductivity
values for coastal sediments but were further refined during the model calibration process.

Specified-flux Boundaries

Specified-flux boundaries were used to simulate two distinct processes, aerial recharge from precipitation, and
pumping from both the KHW and the two water supply wells operating at the Fort Casey Well Field to the
southwest of the OLF facility.

To simulate recharge from precipitation, specified-flux boundaries were assigned to cells in Model Layer 1
covering the land surface (Figure 4-6). Recharge rate estimates were obtained from a United States Geological

1 http://pesthomepage.org/
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Survey (USGS) study of recharge rates in Island County, Washington for water years 1998 and 1999 (USGS, 2004).
This study used average annual precipitation, surficial geology, soil groups, and land cover to simulate average
annual recharge using the Deep Percolation Model. Recharge rates were refined during model calibration.

A specified-flux boundary was assigned to a model cell in Model Layer 3 at the coordinates of the KHW. Specified-
flux boundary conditions were also assigned to the model in Layer 4 at the location of the two operational water
supply wells in the Fort Casey Well Field. Pumping rates at the KHW were obtained from ultrasonic flow meter
readings during the KHW aquifer test. Pumping well data from the Fort Casey Well Field wells were provided by
the Town of Coupeville.

No-flow Boundaries

As illustrated on Figure 4-6, no-flow boundaries were used to delineate the active and inactive portions of the
CGFM. The portions of the model domain outside the general head boundaries covering the Strait of Juan de Fuca
and Admiralty Inlet (west) and Saratoga Passage (east) were made inactive. No-flow boundaries were also placed
at the northwest and southeast segments of the model domain border cutting across the island. Groundwater
levels in wells near these boundaries suggest that groundwater generally flows east and west, parallel to the
boundary. Therefore, no-flow boundaries are appropriate for these locations.

4.2.6 Time Discretization

A numerical model must describe a field problem at discrete time intervals. The CGFM was designed to simulate
the 240-hour pumping test at the KHW. However, due to the irregularity of pumping cycles at the KHW, it was not
feasible to discretize the entire duration of the aquifer test. Therefore, a 41-hour simulation period was selected
during which the pumping cycle was more regular and pumping rates relatively stable. This period began at 4 p.m.
on December 25, 2017 and ended at 9:05 a.m. on December 27, 2017. This 41-hour period was discretized into 12
stress periods. An average pumping rate was calculated over each stress period. A 365-day steady-state stress
period was also included to establish initial conditions prior to the initiation of transient observation. An
approximated pumping rate of 150 gpm from the KHW was assumed for the 365-day initial stress period.

Table 4-1 summarizes how time was discretized for the transient calibration.

Table 4-1. Summary of Stress Period Durations Used During Model Calibration

Stress Stress Period Duration Ending Date and Pumping Rate Note

Period (days) Time (gpm)
1 365 12/25/2017 16:00 150.0 Steady-state initial conditions
2 0.022 12/25/2017 16:31 0.0 Keystone Hill well off
3 0.177 12/25/2017 20:45 135.1 Keystone Hill well pumping
4 0.175 12/26/2017 0:57 139.9 Keystone Hill well pumping
5 0.176 12/26/2017 5:10 146.7 Keystone Hill well pumping
6 0.157 12/26/2017 9:21 152.3 Keystone Hill well pumping
7 0.167 12/26/2017 13:21 156.5 Keystone Hill well pumping
8 0.033 12/26/2017 14:10 0.0 Keystone Hill well off
9 0.167 12/26/2017 18:10 129.9 Keystone Hill well pumping
10 0.167 12/26/2017 22:10 132.5 Keystone Hill well pumping
11 0.167 12/27/2017 2:11 139.4 Keystone Hill well pumping
12 0.166 12/27/2017 6:10 146.0 Keystone Hill well pumping
13 0.122 12/27/2017 9:05 151.2 Keystone Hill well pumping
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4.3  Model Calibration

Model calibration is the process of tuning a numerical model to simulate observed subsurface flow conditions in
the field, as described with measured data, to within an acceptable degree of accuracy. This section discusses the
calibration targets and results.

4.3.1 Selection of Calibration Targets

Calibration targets are defined as the selected field-measured values that quantify hydrologic conditions of
interest with consideration of data quality and reliability. CH2M used both steady-state and transient calibration
targets to calibrate the CGFM. This subsection discusses the specific quantitative calibration targets selected for
this effort.

Steady-state Groundwater Elevation Targets

The manual groundwater elevations measured in conjunction with the KHW aquifer test (Section 2.2.2) served as
steady-state calibration targets (Table 4-2). Two rounds of groundwater level measurements were performed
between December 27, 2017 and January 8, 2018 at the 31 on-Base monitoring wells and the KHW. One well, WI-
CV-MWO09S, was dry at the time of the groundwater level measurements, so a total of 31 steady-state calibration
targets were used. Figure 4-7 shows the locations and groundwater levels for all steady-state calibration targets
based on groundwater levels measured in January 2018. The January 2018 groundwater elevation data set was
utilized in the calibration process as these data represent the most current data available.

Table 4-2. Steady-State Calibration Targets

Groundwater Elevation

Well ID (ft NAVDSS)
WI-CV-MWO01D 53.65
WI-CV-MWO1M 70.91
WI-CV-MWO2M 70.03
WI-CV-MWO02S 100.09
WI-CV-MWO03D 50.55
WI-CV-MWO3M 70.09
WI-CV-MWO04M 69.43
WI-CV-MWO04S 85.69
WI-CV-MWO5M 67.61
WI-CV-MWO5S 69.73
WI-CV-MWO6M 51.44
WI-CV-MWO06S 63.28
WI-CV-MWO7M 69.86
WI-CV-MWO7S 73.47
WI-CV-MWOSM 83.17
WI-CV-MWO8S 87.23
WI-CV-MWO9M 61.74
WI-CV-MW10D 47.06
WI-CV-MW10M 52.30
WI-CV-MW11M 70.59
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Table 4-2. Steady-State Calibration Targets

Well ID Groundwater Elevation

(ft NAVD88)
WI-CV-MW11S 71.11
WI-CV-MW12D 26.69
WI-CV-MW12S 80.90
WI-CV-MW13M 62.37
WI-CV-MW13S 79.27
WI-CV-MW14M 68.78
WI-CV-MW15M 68.82
WI-CV-MW15S 68.79
WI-CV-MW16M 67.66
WI-CV-MW16S 67.63
Keystone Hill Well* 68.57

Note:
All groundwater elevations refer to the January 8, 2018 groundwater level unless otherwise indicated.
1 Manual groundwater level measured on December 23, 2017

Transient Calibration Targets

Continuous groundwater level monitoring associated with the KHW aquifer test (Section 2.2.1) was conducted at
11 on-Base monitoring wells and the KHW. Two monitoring wells (WI-CV-MWO02S and WI-CV-MWO05M) did not
have transducer records for the 41-hour simulation period because transducers were not deployed in these wells
until later in the aquifer test. Therefore, data from these wells were not incorporated, and 10 calibration targets
were used for the transient calibration. As previously discussed, to replicate the variability in groundwater levels
and KHW pumping rates that occurred over the 41-hour transient calibration period, it was necessary to subdivide
the 41-hour period into a discrete number of model stress periods. The groundwater elevations and KHW
pumping rate was assumed to be constant within each stress period. As shown in Table 4-3, the transient aquifer
conditions were simulated by subdividing the 41 hours into 12 discrete stress periods. Average groundwater
elevations were calculated for each stress period and used as target values for the transient calibration. These
average groundwater elevations were applied to the model during their respective stress periods. The
groundwater elevations used for transient calibration targets are summarized in Table 4-3. The hydrographs
depicting the transient groundwater elevation and KHW pumping rate data are included in Appendix E.

Table 4-3. Transient Calibration Targets

Average Groundwater Elevations (ft NAVD88)

Stress
Period Keystone WI-CV- WI-CV- WI-CV- WI-CV- WI-CV- WI-CV- WI-CV- WI-CV- WI-CV-
Hill Well MW04M MWO04S MWO7M MWO07S MW1i4M MWI15M MW15S MWieM MW16S

2 68.55 69.67 86.30 70.36 73.36 69.18 69.87 69.49 69.22 69.26
3 61.59 69.66 86.30 70.36 73.36 68.98 69.31 68.92 67.90 67.94
4 60.83 69.66 86.31 70.33 73.37 68.86 69.18 68.78 67.68 67.72
5 60.39 69.66 86.31 70.30 73.38 68.83 69.13 68.73 67.59 67.62
6 60.04 69.66 86.32 70.32 73.40 68.83 69.12 68.72 67.54 67.57
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Table 4-3. Transient Calibration Targets

Average Groundwater Elevations (ft NAVDS88)

Stress
Period Keystone WI-CV- WI-CV- WI-CV- WI-CV- WI-CV- WI-CV- WI-CV- WI-CV- WI-CV-
Hill Well MWO04M MWO04S Mwo7ZM MW07S MWwW1i4M MWI15M MW15S MW1ieM MW16S

7 59.73 69.66 86.33 70.30 73.39 68.81 69.07 68.67 67.46 67.50
8 65.10 69.66 86.34 70.30 73.42 68.85 69.39 69.00 68.34 68.35
9 61.93 69.67 86.35 70.32 73.42 68.96 69.31 68.91 67.93 67.96
10 61.28 69.67 86.34 70.34 73.40 68.93 69.23 68.83 67.78 67.81
11 60.82 69.67 86.34 70.33 73.39 68.89 69.17 68.77 67.68 67.71
12 60.38 69.68 86.35 70.30 73.38 68.85 69.11 68.71 67.57 67.61
13 60.06 69.67 86.35 70.30 73.39 68.82 69.08 68.68 67.51 67.55

4.3.2 Calibration Procedure

Auto-calibration of the CGFM was performed using the PEST software program. This program was used to refine
model parameters to obtain the best set of parameters to match the steady-state and transient calibration
targets. Parameters that were allowed to vary within user-defined ranges during the PEST auto-calibration effort
were: horizontal and vertical hydraulic conductivity; aquifer specific yield and storage coefficient; recharge rate to
the aquifer system; potential evapotranspiration rate and extinction depth; and hydraulic conductance at the
general head boundaries along the island perimeter representing groundwater exchange with the surrounding
marine system. During each PEST run, the model was run hundreds of times, with the program independently
varying the assumed distributions of the model parameters listed above and seeking to minimize the error
between the simulated groundwater elevations and the observed steady-state and transient calibration targets.
Because two calibration data sets (steady-state and transient) were used in the model calibration, it was
necessary to run both sets of conditions through the model in a single model run so that a single set of aquifer
parameters were obtained from PEST that provided the optimal match to both sets of calibration targets. This was
achieved by running an initial stress period in the model that simulated steady-state conditions and attempted to
match the steady-state calibration targets. This was followed by 12 stress periods assuming transient conditions
that attempted to match the change in groundwater levels (that is, drawdown) that were observed during the
aquifer test.

433 Calibration Results

Groundwater Elevations

The results of the steady-state calibration are summarized on Figure 4-8. This figure shows the comparison
between simulated and observed groundwater levels for all wells within the steady-state calibration data set. A
perfect match between simulated and observed groundwater levels would fall on the dark line shown on the
figure. As shown on Figures 4-9a and 4-9b, the results of the transient calibration yielded simulated groundwater
levels for the 10 wells on-Base that were equipped with pressure transducers, closely matching the observed
values measured during the recent field program. The calibration statistics are also provided on Figure 4-8. The
mean error between simulated and observed groundwater levels is 0.84 foot, and the root mean square error is
4.8 feet. A key measure of calibration accuracy often used to evaluate groundwater models is the root mean
square (RMS) error divided by the range of groundwater level data used in the calibration. A standard rule of
thumb is that for a local scale model, model calibration should achieve an RMS/range value at or below 5 percent
and for a regional model such as the CGFM, it should be at or below 10 percent. The calibration of the CGFM
yielded an RMS/range of 6.4 percent, well below the target value of 10 percent, showing that the model is well
calibrated.
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Response to Pumping of the Keystone Hill Well

The second phase of calibration consisted of comparing the simulated and observed drawdown in groundwater
levels created by operation of the KHW during the 41-hour transient calibration period. The KHW is screened
within the middle elevation interval. The comparisons between simulated and observed drawdowns are
summarized on Figures 4-9a and 4-9b. It is clear from these figures that the model-predicted drawdowns over the
transient calibration period are in very close agreement to those measured in the field during the aquifer test. The
only well with significant deviation is the KHW, where simulated drawdowns are less than observed drawdowns.
This is to be expected as the KHW was pumping during the aquifer test, and due to well inefficiencies, the
drawdown measured in the well casing will be significantly greater than the drawdown in the aquifer outside of
the well. The model forecasts do not account for well inefficiency, and therefore the model predicts a smaller
magnitude of drawdown than what is measured in the well.

Calibrated Hydraulic Parameters

The calibration process described in the previous section yielded a single set of aquifer parameters and boundary
conditions that provided the comparisons shown between simulated and observed groundwater levels. These sets
of aquifer parameters and boundary condition properties are summarized as follows.

Figure 4-10 presents the distribution of aquifer horizontal hydraulic conductivity for each of the five model layers.
It can be seen from these figures that the majority of the aquifer material falls into the sand and gravelly sand
range (> 2 feet per day) with a trend of decreasing overall hydraulic conductivity with depth. This is consistent
with observations of greater percentage of fine-grained material deeper within the OLF aquifer system than is
seen at shallower depths.

The distribution of magnitude of the deep percolation of precipitation across the model domain, ranging from
approximately 1.5 to 14 inches per year, is shown on Figure 4-11. As expected, the deep percolation rate is higher
in areas surrounding the OLF Coupeville as most, if not all, of the significant vegetation has been removed,
reducing the evapotranspiration by vegetation allowing for higher recharge rates. Initial deep percolation rate
estimates were obtained from a USGS study of recharge rates in Island County, Washington for water years 1998
and 1999. These initial estimates were then amended within a reasonable range of values during the PEST
calibration process. The distribution of active evapotranspiration of shallow groundwater by plants is depicted on
Figure 4-12. Due to the significant depth to groundwater over much of the model domain, the only areas where
groundwater is shallow enough to be transpired directly by plants is around the model perimeter. These areas are
clearly depicted on Figure 4-12. The final evapotranspiration rate simulated in the model is approximately 30
inches per year with evapotranspiration extinction depths (that is, the depth below which evapotranspiration
does not occur) ranging from approximately 5 to 10 feet bgs.

4.4 Model Application

441 Groundwater Flow Directions and Gradients

Once the groundwater flow model is calibrated to site groundwater levels, it can be used to provide a more
detailed depiction of groundwater levels, flow directions, and gradients within the aquifer system than can be
obtained from groundwater elevation measurements from monitoring wells alone. Figures 4-13 and 4-14 present
the simulated groundwater elevation contours for the elevation intervals corresponding to Model Layers 3 and 4,
respectively.

Groundwater flow conditions in the intermediate elevation interval are somewhat complex, partially due to
continued operation of the Keystone Hill well, screened within the intermediate elevation interval, just west of
OLF Coupeville. Modeling simulations suggest that a groundwater mound exists in the north-central portion of the
OLF Coupeville facility, as is evidenced by high groundwater levels measured in Well WI-CV-MWO08M, with
groundwater flow directions moving radially outward from the mound. A groundwater mound is expected in this
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general area as the OLF Coupeville facility is constructed in an area of relatively higher elevation on the island, and
groundwater moves outward from this area toward the island perimeters to the east, west, north, and south. The
operation of the KHW creates a local cone of depression in the water table that can be clearly seen on Figure 4-
13, with groundwater flow directions in proximity to the well oriented toward, and converging on, the production
well.

Groundwater flow directions in the deep elevation interval are depicted on Figure 4-14. These data indicate a
similar range of flow directions within the deeper interval as are present in the intermediate depth interval, but
with a diminished influence of KHW pumping on groundwater levels at this depth. Overall, the groundwater flow
modeling indicates a groundwater mound present near the north end of the OLF Coupeville runway, with
groundwater flowing radially outward toward the island perimeters.

4.4.2  Predictive Simulations of Keystone Hill Well Capture Zones

One of the primary questions related to future operation of the KHW relates to how the extent of the hydraulic
capture zone created while operating the well varies with changing flow rates. To help inform this issue, the
calibrated groundwater flow model was used to estimate the extent of the hydraulic capture zone of the KHW at
two flow rates: the 150 gpm rate that reflects average current operating conditions, and the 300 gpm rate that is
being considered by the Town of Coupeville to increase water supplies available to their service area. The results
of this analysis are presented on Figures 4-15 and 4-16. These figures show the extent of hydraulic capture in each
model layer created by KHW pumping for the 150 gpm and 300 gpm flow conditions, respectively. The overall
extent of the simulated hydraulic capture zone is largest in Model Layers 2 and 3 under both pumping rates.
Under 150 gpm pumping conditions, hydraulic capture ranges from approximately 1,200 feet to the east to 3,000
feet to the northwest from the KHW (Figure 4-15). Under 300 gpm pumping conditions, hydraulic capture ranges
from approximately 1,600 feet to the east to 4,000 feet to the north from the KHW (Figure 4-16).

The results of this analysis suggest that operating the KHW at either flow rate results in full capture of the aquifer
elevation intervals exhibiting PFAS exceedances in nearby monitoring wells WI-CV-MW15S and WI-CV-MW16S/M.
Additionally, the aquifer elevation interval encompassing the screen of well WI-CV-MW14M, which previously
exceeded the LHA for PFOS/PFOA, is within the KHW capture zone under both 150 and 300 gpm pumping rates.
While the CGFM predicts a small area of hydraulic capture in the deeper portions of the aquifer system, field data
to confirm this model forecast are not available due to lack of monitoring infrastructure at these depths in near
the KHW. As shown on Figure 4-16, model predictions also indicate a significantly larger capture zone when
operating the well at 300 gpm, with the hydraulic capture zone extending out to encompass much of the aquifer
near well WI-CV-MWO05M; however, not the groundwater at WI-CV-MWO5M itself, where recent sampling has
indicated exceedances of PFAS.

4.5 Model Assumptions and Limitations

Models are inherently inexact because the mathematical description of the physical realm is imperfect, and the
understanding of interrelated physical processes is incomplete. Mathematical models like the CGFM can only
approximate subsurface processes, despite their high degree of precision. A major cause of uncertainty in these
types of models is the discrepancy between the coverage of measurements needed to understand subsurface
conditions and the coverage of measurements generally made under the constraints of limited time and budget.
The spatial scale and complex physical environment at and around OLF Coupeville present specific challenges and
limitations. A relatively small reservoir of field data has been collected at OLF Coupeville. Therefore, a significant
degree of uncertainty exists in the distribution of subsurface conditions. However, the available data were
deemed to be sufficient to provide enough detail of the physical system for the CGFM to achieve the modeling
objectives described in Section 4.1. It is expected that as more data are collected, the model will be refined and
improved.

Additionally, the CGFM is a groundwater flow model and is not currently configured to evaluate solute (such as
PFAS) fate and transport; however, the CGFM is appropriate for use in evaluation of current/future aquifer
hydraulics (such as groundwater flow directions and pumping well capture zones). The CGFM was constructed

EC0404181420SEA 4-9



AQUIFER TEST, GROUNDWATER SAMPLING, AND DRINKING WATER SAMPLING DATA EVALUATION AND GROUNDWATER MODELING REPORT
PER- AND POLYFLUOROALKYL SUBSTANCES (PFAS) OUTLYING LANDING FIELD COUPEVILLE

NAVAL AIR STATION WHIDBEY ISLAND, OAK HARBOR, WASHINGTON

using a software platform (MODFLOW) that is compatible with solute transport codes; therefore, such capability
can be included as part of future efforts.

Given these assumptions and limitations, numerical groundwater models like CGFM should be considered insight
tools and qualitative predictors of future conditions. Therefore, important planning decisions that use output
from CGFM must be made with an understanding of the uncertainty in and sensitivity to model input parameters
and should consider other site data, professional judgment, and the inclusion of safety factors. No warranties
associated with the forecasts, explicit or implied, are provided.
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SECTION 5

Conclusions and Recommendations

Field investigation activities, consistent with those planned in the SAP (CH2M, 2017), at OLF Coupeville were
completed between December 2017 and January 2018, and support the following conclusions:

The four new groundwater monitoring wells (WI-CV-MW15M, WI-CV-MW15S, WI-CV-MW16M, and WI-CV-
MW16S) provided additional lithologic information along the western OLF Coupeville boundary. New
subsurface information, together with previous data, resulted in refinement of the CSM for the aquifer system
(Section 3.1).

OLF Coupeville aquifer testing provided data to enhance the understanding of pumping cycles at the KHW and
resultant responses in the surrounding aquifer system. These data were used in the development and
calibration of the CGFM.

Groundwater and drinking water quality samples were collected from the KHW, newly constructed
monitoring wells, and a subset of existing monitoring wells. These samples provided data to compare to
previous sampling results and data in new areas of the site.

Detections of PFAS at new sampling locations, WI-CV-MW15S, WI-CV-MW16M, and WI-CV-MW16S indicate a
previously unknown area of exceedances in the vicinity of the KHW which may warrant further investigation.

A groundwater flow model of the OLF Coupeville area has been developed and calibrated to both steady-state
groundwater levels as well as transient groundwater elevation data and observed pumping rates obtained from
an aquifer test conducted on the nearby KHW. The model is well calibrated, with calibration statistics that meet or
exceed all industry standard measures for construction and calibration of a groundwater flow model. The
conclusions and recommendations developed during this effort are summarized as follows.

The primary conclusions from the model effort described herein include:

Groundwater flow modeling indicates the presence of a groundwater mound near the north end of the OLF
Coupeville runway, with groundwater flow directions moving outward in all directions heading toward the
coastal areas of the island. A groundwater mound is expected in this general area as OLF Coupeville is
constructed in an area of relatively higher elevation on the island, and groundwater moves outward from this
area toward the island perimeters to the east, west, north, and south.

The modeling analysis presented in Section 3 indicates that the extent of hydraulic capture created by KHW
pumping at rates of 150 gpm and 300 gpm result in full capture of the shallow and middle aquifer elevation
intervals exhibiting PFAS exceedances in nearby monitoring wells WI-CV-MW15S and WI-CV-MW16S/M.
There is remaining uncertainty regarding the hydraulic capture zone within the deep aquifer elevation interval
due to lack of deep monitoring infrastructure in proximity to the KHW. As expected, model predictions also
indicate a significantly larger capture zone when operating the well at 300 gpm, with the hydraulic capture
zone extending out to encompass much of the aquifer near well WI-CV-MWO05M, where recent sampling has
indicated exceedances of PFAS.

The CGFM developed under this effort can be used during future evaluations of groundwater conditions and
PFAS migration behavior (such as migration pathways from source areas to drinking water wells with PFAS
detections and/or exceedances) as additional data are collected at the site.

The CGFM was constructed using a software platform (MODFLOW) that is compatible with solute transport
codes; therefore, such capability can be included as part of future efforts.
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SOIL BORING LOG

PROJECT : NAS Whidbey Island OLF Coupeville LOCATION : Coupeville, WA
ELEVATION : DRILLING CONTRACTOR : Yellow Jacket
DRILLING METHOD AND EQUIPMENT USED : _Rol0SONicC T e/ /t1scm ¢ 150 €C
ATD WATER LEVEL : ISTART : END: LOGGER: M. Ende - G Gaplner
DEPTH BELOW SURFACE (FT) STANDARD SOIL DESCRIPTION USCS COMMENTS
INTERVAL (FT) PENETRATION DEPTH OF CASING, DRILLING RATE.
SOIL. NAME, USCS GROUP SYMBOL, COLOR, . :
“Ec‘:"’E"“"‘”; - RESULTS MOISTURE CONTENT, RELATIVE DENSITY, ‘?gg}"s'?fnrgmg#:ﬁémanon
e R DRILLING ACTIONS/DRILLER COMMENTS
[N} ' PID Readings: Breathing Zone: Abave Hole:
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RPROJECT NUMBER
695610.04.FL.WI
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BORING NUMBER

Sheet of ¢

SOIL BORING LOG

PROJECT :
ELEVATION :
DRILLING METHOD AND EQUIPMENT USED :

NAS Whidbey Istand OLF Coupeville

DRILLING CONTRAGTOR : Yellow Jacket
Rotosonic € /rtSonre 150 €C

LOCATION : Coupeville, WA

ATD WATER LEVEL :

START:12./7/ 2017 04. 33 |END:i4/13/17 15 40 | LOGGER : fy.Granine /4. Endo

DEPTH BELOW SURFACE (FT}

{nTeRvAL
iaecovanv {Fn

SAMPLE

STANDARD
PENETRATION
TEST
RESULTS

SOIL DESCRIPTION

USCS

COMMENTS

SOIL NAME, USCS GROUP SYMBOL, COLOR,
MOISTURE CONTENT, RELATIVE DENSITY,

P
(N}

#MYPE

OR CONSISTENCY, SOIL STRUCTURE,
MINERALQGY.

DEPTH OF CASING, ORILLING RATE,
DRILLING FLUIO LOSS,

TESTS, AND INSTRUMENTATION.
DRILLING ACTIONS/DRILLER COMMENTS

PID Readings: Breathing Zone: Above Hole:

. Ve |vA

- b

o

B} s
| =
7

0

. B |
1
{

Ie

Iz

Surfece Low Jrﬁsg vege hh'ml
; , Orsanit {-.;‘aso,'[
01=0L Gundy o1t

e
Dasr¥- Brown (10YR 3/3), Damp,
504, 0 ooty NoN o Jow PlASHE
9t Finz—mal sardl it aobs

0" —1-7" 6’ Hy sand with Gruel

ML

M

Darit. yelowrish Bown (1092 3/0)
D, lpose, ro o;la.f) FI K - (galse
sond, NON~Jowv plasiie Sl fine
(parsz foundeel jﬂ\“” with oty

174 Well &reded Sand widw

(it anet (2(&1“'
Darie e llovyyn (oY YY)
Moi5t, med. l:llfn‘-i‘-‘ %Ugdoff

bine— parse sqnqd £ .

) (N Land
{‘q‘l_grdq:f 3(’:&%"} ﬂof\—'lou/f’/“shr
S 34" ronaded (obbles

”'—7' ne Reclover
J

79 wWell Graded Sand with

Genyel
Dartl ey s hivwrs +5 Ve dare 4o
b (& Y F=FY 3R meiv- e
very dosse, 1o odp?)  §0%. {ine- Coalie
5«_\-@!‘ lb’-g, Fint—doarse ruumlul gfalrtl,
5% 4" rouncled Lobbleh, +race
-] l‘l t

1 no r‘cc'cwerj

12~ Wrist w/ell G radod
Sang u th Grayel

Deark. Crraja‘:h Brown L'-'-“g{f 4/1)

mOlS‘I') VEfJ )&50_) av 0({0’/‘ (':DZ

Far’\d-‘%a‘l“ 5and, 350/0 fine—

Wwa 3R ral/fl, frace sAAE drace
rotanicledd “Eodbles C3"—Q}")

15"~ 147 Well Graded Sand with
Gravel
&U"I(_ ab 7",:{! bu.'f' Dari "jf‘l‘jﬁlﬂ
brown (1.5742) 4 meist

%

sl

S

ON L0 i C leariy
bore brqation wilh DitciR_
WitCh Yo jruct @ o043 -

[cwz tmﬂ(’kﬁ( {lectanta
L.OLL‘L‘/ﬁO‘é dbhtuin Sarl -
for ClpsS freadion fo”
q."7l t’n‘f'EI’V;J

12 20l @ o 15— -
begin drlling, 7 casing
-{;.‘( much seal; " aner Caging

10
V= Vatuum  ¢learedd

2 Q)(:’q{-hnj 2000 Mo fgred With muly RAE




cham:

BORING NUMBER
WI-CV-MW ] (2 5
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SOIL BORING LOG

PROJECT :
ELEVATION ; i
DRILLING METHOD AND EQUIPMENT USED :
ATD WATER LEVEL :

NAS Whidbey Island OLF Coupeville

 DRILLING CONTRACTOR : Yellow Jacket
Ratosonic Tecra Seri€. |50 (€
'START : \END :

LOCATION : Coupeville, WA

| LOGGER: (; (zaalnes, M. Eode |

DEFTH BELOW SURFACE {FT)
INTERVAL (FT)

RECOVERY (FT)
SAMPLE

STANDARD
PENETRATION
TEST
RESULTS

SOIL DESCRIPTION

USCS

COMMENTS

SO0IL NAME, USCS GROUP SYMBOL, COLOR,
MOISTURE CONTENT, RELATIVE DENSITY,
OR CONSISTENCY, S0IL STRUCTURE,

¥TYPE 666"

(N}

MINERALOGY.

DEPTH QF CASING, DRILLING RATE,
DRILLING FLUID LOSS,

TESTS, AND INSTRUMENTATION.
DRILLING ACTIONS/DRILLER COMMENTS

PID Readings: Breathing Zone: Abave Hole;
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®
'-'-" SOIL BORING LOG
PROJECT : NAS Whidbey Istand OLF Coupeville LOCATION : Coupeville, WA
ELEVATION : _ DRILLING CONTRACTOR : Yellow Jacket
DRILLING METHOD AND EQUIPMENT USED: Rotosonic i
ATD WATER LEVEL : [START : END : LOGGER :
[pEPTH BELOW SURFACE 71y —— SOIL DESCRIPTION USCS COMMENTS
[ NTERVAL (D) PENETRATION DEPTH OF CASING, DRILLING RATE,
SOIL NAME, USCS GROUP SYMBOL, COLOR,
“ECOVERFE'— T MOISTURE CONTENT, RELATIVE DENSITY. %é%';"fuﬂ‘mg;’gjﬁémmm
kg OR CONSISTENCY, SOIL STRUCTURE, DRILLING ACTIONS/DRILLER COMMENTS
wivee | es8s MINERALOGY.
L (N} PID Readings: Breathing Zone: Above Hole:
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SOIL BORING LOG
PROJECT : NAS Whidbey Island OLF Cou  ville LOCATION : Cou ville, WA
ELEVATION : DRILLING CONTRACTOR ; Yellow Jacket
DRILLING METHOD AND EQUIPMENT USED :  Rotosonic
ATD WATER LEVEL : START: END: LOGGER :
DEPTH BELOW SURFACE (FT) STANDARD 5 RPTION uscs COMMENTS
NTER' FT} PENETRATION DEPTH OF CASING, DRILLING RATE,
e RECOVERY (ET) RE‘;STTS Sg&mé ggﬁ&%’;gﬁfg&i&%& DRILLING FLUID LOSS,
SAMPLE OR CONSISTENCY SOl STRUCTURE TESTS, AND INSTRUMENTATION.
il s INERALOGY . DRILLING ACTIONS/DRILLER COMMENTS
(N} PID Readings Breathmg Zone Above Hole
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s SOIL BORING LOG
PROJECT: NAS Whidbey Island OLF Cou ville LOCATION : Coupeville WA
ELEVATION : DRILLING CONTRACTOR : Yellow Jacket
DRILLING METHOD AND EQUIPMENT USED : Rotosonic
ATD WATER LEVEL : START : END: LOGGER :
{oEPTH BELOW SURFACE (FD STANDARD SOIL DESCRIPTION USCS COMMENTS
[rieruaL :E‘CDVERY PENE N SOIL NAME, USCS GROUP SYMBOL, COLOR ggﬂ’;‘éﬂfﬁf:ﬁ%&mu'"s RATE,
‘_‘E—smme RESULTS MOISTURE CONTENT, RELATIVE DENSITY TESTS AND INSTRUMENTATION
OR CONSISTENCY, SOIL STRUCTURE, .
amre | eooe MNERALOGY DRILLING ACTIGNS/DRILLER COMMENTS
N IPID Readings Breathing Zone- Above Hole
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BORING NUMBER
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Sheet 1 o q

SOIL BORING LOG

PROJECT :
ELEVATION : B
DRILLING METHOD AND EQUIPMENT USED :

NAS Whidbey Island OLF Coupeville

~ DRILLING CONTRAGTOR : Yellow Jacke!
Rotosonic _Ve¢vasonie 150 CC

LOCATION : Coupeville, WA

ATD WATER LEVEL :

START : ({@hT (I 2 END: V2 fy1/17 10H ) LOGGER: D) Batier

DEPTH BELOW SURFACE {FT)
INTERVAL (FT)

STANDARD
PENETRATION
TEST
RESULTS

SOIL DESCRIPTION

SOIL NAME, USCS GROUP SYMBOL, COLOR,
MOISTURE CONTENT, RELATIVE DENSITY,

6666
Ny

RECOVERY,
SAMPLE
H#ITYPE

OR CONSISTENCY, SOIL STRUCTURE,
MINERALOGY.

USCS

COMMENTS

DEPTH OF CASING, DRILLING RATE,
DRILLING FLUID LOSS,

TESTS, AND INSTRUMENTATICN.
DRILLING ACTIONS/DRILLER COMMENTS

IPID Readings: Breathing Zone: Above Hole:
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®
= SOIL BORING LOG
PROJECT : NAS Whidbey Island OLF Coupeville LOCATION : Coupeville, WA
ELEVATION : DRILLING CONTRACTOR : Yellow Jacket
DRILLING METHOD AND EQUIPMENT USED : _ Rotosonic
ATD WATER LEVEL : iSTART : \L{{6ffy 0820 [END: 2 {17]iT 1O0YL 1 LOGGER: D, B ut [+
DEPTH BELOW SURFACE (FT) STANDARD SOIL DESCRIPTION USCS COMMENTS
NTERVAL {FT) PENETRATION DEPTH OF CASING, DRILLING RATE,
recovequEl__|  (JEST | GiGTURE CONTENT, RELATIVE DENSITY. DRUNGRUDLOSS.
SAMPLE OR CONSISTENCY, SOIL STRUCTURE : 5
HTYPE [y MINER;ALOGY. ' DRILLING ACTIONS/DRILLER COMMENTS
(N') IPID Readings: Breathing Zone; Above Hole;
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SOIL BORING LOG

PROJECT :
ELEVATION :
DRILLING METHOD AND EQUIPMENT USED :
ATD WATER LEVEL :

NAS Whidbey Island OLF Coupeville

_DRILLING CONTRACTOR : Yellow Jackel
Rotosonic

START : {I6/17 ¢P30 [END: 1 ufi] 1042

LOCATION : Coupeville, WA

LOGGER: Dy Butl+r

DEPTH BELOW SURFACE (FT) STANDARD SOIL DESCRIPTION USCS COMMENTS
|mTERVAL ET) PENETRATION DEPTH OF CASING, DRILLING RATE,
recoveurn__| (JEST | SOiSTURE CONTENT, RELATIVE DENSITY. DRINGRUDLOSS.
S:ﬁ:';i P R oy | UCTURE. DRILLING ACTIONS/DRILLER COMMENTS
(N} |PID Readings: Breathing Zone: Above Hole:
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SOIL BORING LOG

PROJECT :
ELEVATION:
DRILLING METHOD AND EQUIPMENT USED :

NAS Whidbey Island OLF Coupeville

_ DRILLING CONTRACTOR : Yellow Jacket
Rolosonic

LOCATION : Coupeville, WA

ATD WATER LEVEL : ISTART : \1{(6]17 OFX8  [END: 131 /iT {01L] LOGGER: (5 Pullef
DEPTH BELOW SURFACE (FT) STANDARD SOIL DESCRIPTION S COMMENTS
|nTERVAL FT} PENETRATION SOIL NAME. USCS GROUP SYMBOL DEPTH OF CASING, DRILLING RATE,
RECOVERY TEST : - COLOR, DRILLING FLUID LOSS
| RESULTS MOISTURE CONTENT, RELATIVE DENSITY, TEETS AND INSTRUMENTATION.
e | oo OR CONSISTENTY, SOIL STRUCTURE. DRILLING ACTIONS/DRILLER COMMENTS
L, (N} _ PID Readings: Breathing Zone: Above Hole:
- 0.5~ BT' Same as 4p -
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PROJECT NUMBER BORING NUMBER Sheet § of ¢
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SOIL BORING LOG

PROJECT : NAS Whidbey Island OLF Coupeville ] LOCATION : Coupeville, WA
I_EI:EVA_TQN: _ - DRILLING CONTRAGTOR : Yellow Jacket
DRILLING METHOD AND EQUIPMENT USED :  Rolosonic 5 : _
ATD WATER LEVEL : ISTART:\2 [{6/iT 0@ 10 TeEND: [3[%7/i7 042 | LOGGER: B Buktle
DEPTH BELOW SURFACE (FT} STANDARD SCIL DESCRIPTION uscs COMMENTS
T e T | e e, | [oonenetess T
SAMPLE OR CONSISTENCY, SOIL STRUCTURE, ULZSUEG S A Lo
¥ivPE | 6565 MINERALOGY. DRILLING ACTIONS/ORILLER COMMENTS
Foveh (N} PID Readings: Breathing Zone: Above Hole:
EA A =
- M~86" Same <4 A P -
- 5[.5-57! .QK(eP+ M’j
- toarsening dowpuctirdd -
42 - 1 -
e |7 -
- 10 -
o - MU am\ . 3
66— 8 -61'Pparly groac ¢ ‘iﬁ -
_ s+ | ikt brown (m—‘b'é‘, -
- J / _
Aaomp, aand vE *T?‘F )
—_ nra-Plestic < \
66— (44 4o A, nempleticstt) | ?@ an Wers braak-
- o {unac -
- e '
- 071 Prorly areded sand | | 5P oL
l 6‘{ ] 7' F"‘T =y ll"ls QGSum? ‘QV‘:'H'“\? -
‘10—_ li\?l\'lr browi\, {Oc*se,COQ ) -
- 661“\:& vi o (A LA -
72— —
ol '17 -
4~ to
46— -
6 -
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chaw.

PROJECT NUMBER BORING NUMBER
695610.04.F.WI WI-CV-MW (5

Sheel G of ¢

SOIL BORING LOG

ELEVATION ;
DRILLING METHOD AND EQUIPMENT USED :
ATD WATER LEVEL :

PROJECT : NAS Whidbey Island OLF Coupavilie LOCATION : Coupeville, WA

DRILLING CONTRACTOR : Yellow Jacket
Rolosonic

START : W36 fi7 08 20 [END: [3fil/i7 1047 Toeeer: D, Rotte

DEPTH BELOW SURFACE (FT} A SOIL DESCRIPTION USCS COMMENTS
PENETRATION
LIERLE ':"ECOVERY TEST SOIL NAME, USCS GROUP SYMBOL, COLOR, EEKITN%FF%%'}'_%SDSR'”"”G RATE,
WD | cesiuTs MOISTURE CONTENT, RELATIVE DENSITY, TESTS, AND INSTRUMENTATION
e OR CONSISTENCY, SOIL STRUCTURE, DRILLING ACTIONS/DRILLER COMMENTS
BITYPE 6-6"-6"6" MINERALOGY.
L £ee iN) PID Readings: Brealhing Zone: Above Hole:
T
|62 — .
= ¥ .
ﬂlo C . @ _
oG — _
i i . -
- i)~ s3' St ML -

lt I\’(‘ r.mﬁs\\ Lraw 3\} Glfun i
mg@l:‘u\n:) r‘ﬂﬁ'{t‘ﬁi low ‘"’"‘Jri‘l
diladancy —none, ffF
1083~ (244 15ame a4 4P
69-107,)"

1435 R2.- normal -

—
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chawm.

PROJECT NUMBER
695610.04.FI.WI

BORING NUMBER
wi-cv-mw (5 M

Sheet 7}

ofc-{

SOIL BORING LOG °

PROJECT :
ELEVATION :
DRILLING METHOD AND EQUIPMENT USED :
ATD WATER LEVEL :

NAS Whidbey Island OLF Coupeville

DRILLING CONTRACTOR : Yellow Jacket
Rotosonic

LOCATION : Coupeville, WA

START : \).hil“l 8810 [END: 'J-In/tT"Foq].f LoGGER: D, B 1ep

DEPTHBEII.OWSURFACE(FT) STANDARD S0 DESCRIPTION COMMENTS
ik E:covenv PN e V| son name, uscs GROUP SYMBOL, COLOR, SEE_ITN%FFEQE'T_%SDS'?"‘“NG RATE,

(2o =

1)7——- _

_ 1! :
o /o a4 256 Seady it | -

g, T ey e :

3 mned. P(GJ'( low ouali ; =

(lfv—_ ”\Ptp\ ‘50'F+ 5“"0# V'F *"f _

n‘\frk-zdd ‘F sand cho .
*@ contad ¢ weer\ ve o
\19 . (272N (_-'_ lo Wooun ity .

: - 1266~y Tt clay cu|sat isolatien -

: '{615[\ caasing at 29/ Lgﬁ-
= qu ! N { necessary _
"0__ tgxp qe‘zfc med, tou h ¢ sem @1 -

! v bince we are st
N ’Mrcl / trace Vo aaw’ in the f[“}’- -
and sl -
32— 1324 ~3q*we ll gmcﬂ J S ~

- l(yo sand W/ Jrave) , olark -

: { AP ro\/, mmﬁ‘f* locse, i
M- sand P Yo  (5A 40 5&)

B 3mu-el P4y c(5R e R) i
3p— T
36— L1 © 1600 s*vl* -

- J— f-lhl‘ ‘Pﬂl' ‘{""f \}(; -

- N 5;2 ’V‘OGGJ al
0 \""-\ RV, “'\“\.A ‘foclm/ —




cham.

PROJECT NUMBER

695610,04.F1,WI wi-cv-mw |

BORING NUMBER

Sheet 5 of 4{

SOIL BORING LOG

PROJECT :
ELEVATION :
DRILLING METHOD AND EQUIPMENT USED :
ATD WATER LEVEL :

NAS Whidbey Island OLF Coupeville

DRILLING CONTRACTOR : Yellow Jacket
Rotosonic

LOCATION : Coupeville, WA

ISTART: |2/16{( 0P 20 JEND: (j[i[i3 160 L

LOGGER: D, But] ¢t

(50—

el |14
- e
. Y%

(54—

56

(59—

l‘S’-ll gnntt“ ")I\ell -PraJmen'l'

156 ~156.7" Same a5
ahave with trace £;,.e
5rqv0l

%67~ 54" Same a3
143,5-1545f

SP

<P

DEPTH BELOW SURFACE [FT) STANDARD SOIL DESCRIFTION Uscs COMMENTS
[inTERVAL FT) PENETRATION DEPTH OF CASING, DRILLING RATE
SOIL NAME, USCS GROUP SYMBOL, COLOR, : '
RECOVERY (FT) RET:S:TS MOISTURE CONTENT, RELATIVE DENSITY, DRILLING FLUID LOSS,
AwPLE OR CONSISTENGY, SOIL STRUGTURE. DRILLING ACTIONSIORILLER COMMENTS
avee | e MINERALOGY.
N (N} - {PID Readings: Breathing Zone: Above Hole:
e 34~ 1435 %me a5 su |on 12000 @ ogcy
- A\oové’, ev.c'ep‘* % oF Resuae deitlia
_ grav el decreas ?nj &wuw“ds from (34 g3
\u2— ﬂD 2= nermal
- M3.5- 15! Pmr\y de - 5p B
- ._fﬁ‘.'_‘PL, gray, wa;&*}
l‘—\L\—- 7/ logse / sand 35 fine
- 10 (frace meal.‘»m), 5A 4aA
A\UG6—

IlllI!ll!IIIIllIIII]IIIIIIIII

Illlll




cham.

PROJECT NUMBER |BORING NUMBER

695610.04.FL.WI WI-CV-MW 1§ M

Sheet q of q

SOIL BORING LOG

- 10,5
- \0

128 - 13, | S\T Yol

ﬂmj mois Y, 4ra:e fine

5au awP 5 :( 0 b

“J
XEX \“l]ﬁ[ oaf\zi &
» Jar\’-ﬂrc\f’

wob ¢ sand 15 very
£ine (54 4y A)

PROJECT : NAS Whidbey Island OLF Coupeville LOCATION : Coupeville, WA
ELEVATION : DRILLING CONTRACTOR : Yellow Jacket
DRILLING METHOD AND EQUIPMENT USED : Rotosonic
ATD WATER LEVEL : START : 12f{Gfv] OP2¢o [END: |} | l‘ll T 10420 LoGGer: D, Btier
DEPTH BELOW SURFACE (FT) STANDARD SOIL DESCRIPTION UScS COMMENTS
INTERVAL (T} PENETRATION | S0IL NAME, USCS GROUP SYMBOL. COLOR, D NG g HLING RATE,
RECOVERY (FT) RESULTS MOISTURE CONTENT, RELATIVE DENSITY, ey
SAMPLE OR CONSISTENCY, SOIL STRUCTURE T . AND IN ATION.
wrvee | oooe e e : DRILLING ACTIONS/ORILLER COMMENTS
. (N} PID Readings: Breathing Zone: Above Hole:
W —
18A~\NG' Same s 5p
- LER R UYL
We)—

mL

5P

lolo R2= nornal

Illll‘illllIllllllllillll

1Inlllll||

NG Mrﬂ W&-\£r &AJQ»
'\u t\l‘.'}[e ‘\'0&&{-

IIIIII'IIII

el = 14
will et will sereen *{r'an\

tod-1T4", Sump Leom |
(14-\14',



PROJECT NUMBER BORING NUMBER Sheet \ of (0

m m §95610.04.FLWI WI-CV-MWIS S
]
SOIL BORING LOG

PROJECT : NAS Whidbey Island OLF Coupeville LOCATION : Coupeville, WA
ELEVATION : DRILLING CONTRACTOR : Yellow Jacket
DRILLING METHOD AND EQUIPMENT USED : _ Rotosonic  TEgaAsti L 166,
ATD WATER LEVEL : START: j2 lipv7__ 1095 [END: 185 | LOGGER: M.Ewos, 6. GABRTL
DEPTH BELOW SURFACE (FT) STANDARD S0l DESCRIPTION USCS COMMENTS
INTERVAL (7] PENETAMON]  soIL NAME, USCS GROUP SYMBOL, COLOR, LAl AL LR hs it
RECOVERY (FT) DRILLING FLUID LOSS,
RESULTS MOISTURE CONTENT, RELATIVE DENSITY,
B OR CONSISTENCY, SOIL STRUCTURE TESTS, AND INSTRUMENTATION.
e N ey . DRILLING ACTIONS/DRILLER COMMENTS
{NY PID Readings: Breathing Zone: Above Hole:
o _ A suRfmE: Lo Gauaigy vEGETATION on 12forfi1 @ 1546 BEed |
™A | ) 7 PeTuoLin b s} VAL TAML TO
o J, ©.2° =71 Ne apwviny f =
- Ay 7'hp. -
N on :;_,lg’ﬂ @ 1pi4S BEMN
2 i DrackIA( @ 7‘5.')3 w R N
_ N 8" combudor casia, To 16'bgs|
- o LTILIEE  DACLING payd @ -
= 169" bes =
H — -
6 — —
- 13 -]
i d 7'-8 LJ_E:‘-_E_'f_“_“_E.Q-w SW | Bz = An LAl ] Heas
B 2 wire GeAvEL Mo 7O
- (‘.'. sY “/:.)
8 — 2 DA Gaariviy BiRows (& s .
N MoBT TEWET, LOULE, NG ODDA, |
. B7 F-C samb , 16LF-H RoudiD GAWEL) .
. TAACE SiCT, .
N &' - 111 WELL GAABED Sand s -
to — aa
. DAAK Lo Avhss Bitowdd (z5v ‘*/t), i
B Moy To WET | LeosE, NS OBt N
i 857 ¢-c SAND, |07, F-H LouJ0ED GAAVEL, -
- “Tnack 5T, -
1 — e
i %) ' -15.1" samg AL 7-6' BT S\ i
- oLve 8rouna (2.5 413) ass -
. 3"y RounbEl €O38LE. =
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_ Garyian BRow (2,54 ?h.)' HEWT, LasE, =
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6 — 184" =19 Ppooaiy (un0fA SAND 58 -
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= Firgs =
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Sheet of
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PROJECT NUMBER BORING NUMBER Sheet of
695610.04,FI.WI WI-CV-MW 15§ (o
; SOIL BORING LOG
PROJECT:  NAS Whidbey Island OLF Coupeville LOCATION : Coupeville, WA
ELEVATION : DRILLING CONTRACTOR : Yellow Jacket
l_JRILLlNG METHOD AND EQUIPMENT USED : Rotosonic i s
ATD WATER LEVEL : START: [END : LOGGER :
DEPTH BELOW SLIRFACE (FT) STANDARD SOIL DESCRIPTION uUscs COMMENTS
[rervaL i) PENE o SOIL NAME, USCS GROUP SYMBOL, COLOR, D
RECOVERY (FT) DRILLING FLUID LOSS,
HESULTS MOISTURE CONTENT, RELATIVE DENSITY,
SAMPLE OR CONSISTENCY, SOIL STRUCTURE, ARG S S LS
wrvee | oooe AINERALOGY DRILLING ACTIONS/DRILLER COMMENTS
(N} PID Readings: Breathing Zone: Above Holg:
Ho | NA N
A B2 A CLEML LD =0.5->
N v w'-y3,2? SieT v _$4000 sl 1Sppm (Mor soarmnen), N
N GRAMINH BAucd o (2.3v 5/,,)' DaMP, MED o
W1 SO M0 ChoA) B0 tow Punsre SIT, 207 .
B ? VF- M SAND B
. P N .
B 13 43.2'- 446 pwar Gaaned samh 3P - .
o wirhd SarT S‘_‘
. : . Y RN 2.5 ), Doy, Locid .
Yy — NS L3R, G0 vE-m SALMl, |D1,‘1"...;£,' ) S
_ - ' -
- w8t - 48 same as 3740-ar $p -
. BuT OAtc Guavinl B0 (2,54 DA -
yb— —
w - -
D) | |
P 4
i — ogt . i
HY - 89" same as 3744l $2 | DRI NG wess Fram cotd
- - BUT DAL Gaminsu B (3,57 W) 1 BARRKL | COMPAESSIgs 1md B
B Vée DAtk Geaqnh Braom (2.5v ¥1) LosE SAmDS, N
N Ann g 5. Fings (q‘." Fert WD) o
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SH—
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|PROJECT NUMBER lBORlNG NUMBER Sheet |_| of (p
695610.04. FL.WI WI-CV-MW 5 s
: SOIL BORING LO
PROJECT : NAS Whidbey Island OLF Coupeville LOCATION : Coupeville, WA
ELEVATION : DRILLING CONTRACTOR : Yellow Jacket
DRILLING METHOD AND EQUIPMENT USED :  Rotosonic
ATD WATER LEVEL : START : [END : LOGGER : _
DEPTH BELOW SURFACE (FT) S SOIL DESCRIPTION USCS COMMENTS
INTERVAL {FT) Pausén;nou SOIL NAME, USCS GROUP SYMBOL, COLOR, DEPTH QF CASING, DRILLING RATE,
RECOVERY (FT) DRILLING FLUID LOSS,
RESULTS MOISTURE CONTENT, RELATIVE DENSITY,
SAMPLE OR CONSISTENCY, SOIL STRUCTURE J
e NeE e : DRILLING ACTIONS/DRILLER COMMENTS
N9 |PID Readings: Breathing Zone: Above Hole:
L0 B
L VLA RN
B - .
1 (23] ) :
i '8 N
L5 — .
To — -
1 s -
- {12 B
75 — —
e — =
n 8.5 y
. | .
65— -
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N :ﬂom.‘:‘cv. MED Pusiic SILT, Lioy, WFF N
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rpno' JECT NUMBER BORING NUMBER Sheet of
695610.04.FL.WI WI-CV-MWIS ¢ 5 é
” RING L
PROJECT : NAS Whidbey Island OLF Coupeville LOCATION : Coupeville, WA
ELEVATION : DRILLING CONTRACTOR : Yellow Jacket
DRILLING METHOD AND EQUIPMENT USED :  Rotosonic
ATD WATER LEVEL : START : IEND: LOGGER :
DEPTH BELOW SURFACE (FT) T SOIL DESCRIPTION uscs COMMENTS
INTERVAL {FT) PENETE'-‘,-HON SO0IL NAME, USCS GROUP SYMBOL, COLOR, LSS A s LS SR
RECOVERY (FT) DRILLING FLUID LOSS,
RESULTS MOISTURE CONTENT, RELATIVE DENSITY,
SAMPLE OR CONSISTENCY, 50IL STRUCTURE W=t sl U SR ELS S
S TYEE T MINERALOGY . DRILLING ACTIONS/DRILLER COMMENTS
{N) ' |PID Readings: Breathing Zone: Above Hole:
S wo | v [CT6 -3 oot Gaasen san | sp
i x v DAk G Basess (2,54 Ha), Do,
= LucsE 1o vy L, NG Obor, G5/, V-
- [ 'sAam’ &Sl FimEs,
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cham:

PROJECT NUMBER BORING NUMBER Sheet 6 of
695610.04.FLWI WI-CV-MWI & S (o

SOIL BORING LOG

|PROJECT :
ELEVATION :

NAS Whidbey Island OLF Coupevilie

DRILLING CONTRACTOR : Yellow Jacket

LOCATION : Coupeville, WA

a5
e o]
/"‘
lo
i

>

L1

e\

DRILLING METHOD AND EQUIPMENT USED : _Rotosonic _
ATD WATER LEVEL : START: IEND : LOGGER : G.
DEPTH BELOW SURFACE (FT) D SOIL DESCRIPHON Uscs COMMENTS
INTERVAL (FT) PENETRATION SOIL NAME, USCS GROUP SYMBOL, COLOR, BEEWN%FF%?S{%SDSR'L“NG oL
RECOVERY{FT) RESULTS MOISTURE CONTENT, RELATIVE DENSITY, g
SAMPLE OR CONSISTENCY, SOIL STRUCTURE TESTS, AND [NSTRUMENTATION.
T =gt DRILLING ACTIONS/DRILLER COMMENTS
N} PID Readings: Breathing Zone: Above Hole:
[ J
: BOPEI3L3 Clagey sead BL= ) ¢ o
- JaﬂLJ@ (31 ) Y72 ' e0r -
_ ; _l
- mist jo wet, sHFE, ro on /1)@ -

# z% -F.'ne"rﬂ-ﬂd-fw'j
307 high PlesHC Clay
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lS"’. -Crr\(..« Coa iR rounded
Jrwsi

136.3'~ 131" wel Gradod Sond

Same & 132 .3 135-3°
bt €57, govel.

I gty e
Grayrsh B 2.5154)
M"—b Very lwsa-, no ador” ’
s 2 £ina~med. .Sand:
5, Lines,

0%40 Beg'r AT
A 139 bgs,

68 ©n3e
stop deillivg
149’ bg$.
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Appendix B
Well Completion Diagrams



PROJECT NUMBER WELL NUMBER
695610.04.FI.WI WI-CV-MW1EM SHEET 1 OF 1

CH2MHILL

GROUND WATER MONITORING WELL COMPLETION DIAGRAM

PROJECT : NASWI OLF Monitoring Well Instaliation LOCATION : Coupeville, WA
ELEVATION: TBD DRILLING CONTRACTOR : Yellow Jacket
DRILLING METHOD AND EQUIPMENT USED: Rotosonic  errasonic 150 CC m Endo
WATER LEVELS : START : END: 7 | ocGer: (- ar <
3 2
3 1
OI
1.5' concrete
1- Ground elevalion at well TBD
1.5 38 hyttrated bentonite pellets
4 2- Top of casing elavation TBD
9 3 Wellhead protection cover type Flush Mount
a) drain tuba? No

b} concrate pad dimensions; _ 2'x 2'
depth of surface concrele 1.5'

4- Dia./type surface casing 8"
157
5 Dia.ftype of well casing
5 2" Sch 8Q PVC
8- Type/slot/size of screen
8 0.01" PVC
162
7- Type screen filter 20/40 Colorado silica sand
quantity used saven and 1/2 50-1b bags
8- Type of seal 3/8" coated bentonite pellets
164 quantily used one and 1/4 5-gal. buckets
8- Grout
a) Grout mix used High sollds 20% bentonila grout slurry
b) Method of placernent Tremle pipe
c) Vol.of surface casing grout
d) Vol. of well casing grout nine 50-1b bags
8 Development method
Devalopment time
Estimaled purge voluma
7 Commenls
174
179
0'-129‘ bos Iustration not to seale.

:n 129179 bgs



PROJECT NUMBER
B95610.04.FL.WI

CH2Z2NMHILL
S

PROJECT : NASWI OLF Monltoring Well Insta lation

WELL NUMBER
WLCV-MW18S

LOCATION : Coupeville, WA
DRILLING CONTRACTOR : Yellow Jackel

SHEET 1 OF 1

GROUND WATER MONITORING WELL COMPLETION DIAGRAM

ELEVATION: 8D
DRILLING METHOD AND EQUIPMENT USED: Rolosonlc  esrasonic 150 CC
ATER LEVELS : START: END: woeeer: (oo ¢ -Bn
3 2
3 1
o
1.5 concrete
1- Ground elevation at well T8D
2.5' 48 hydrated bentonite pellats
4 2- Top of casing elevation TBD
] 3- Wellhead prolection cover type Flush Mount
a) drain tube? No
b} concrete pad dimansions;  2'x 2
depth of surface concrete 1.5
4- Dia.ftype surface casing a
124
5- Dia./type of well casing
5 2" Sch BO PVC
6- Type/slot/size of screen
8 0.01" PVC
128"
7- Type screen filler 20/40 Colorado Silica Sand
quantity used
8- Typoofseal  3/8" coated bentonite pellets
130° quantity used
8- Groul
a) Grout mix used High solids 20% bentonite grout slurry
b) Method of placement Tremle pipe
c) Vol.of surface casing grout
d) Vol. of well casing grout
6 Development method
Development time
Estimated purge volume
7 Comments
1~ { Aq't / S —
/1! Are er LJQI‘-I r'ei'ﬁc’{(
Gund For 121477
L Nexds updided  Samd,
[T _Jo-19bge b“'\h’ 1te o 5(’0(,{1’ fatration not to scale.

6  19-145bps

fo nbtes



PROJECT KUMBER WELL NUMBER
695610.04 FLWI WI-CV-MW15M SHEET 1
CH2MHILL
< GROUND WATER MONITORING WELL COMPLETION DIAGRAM

PROJECT : NASWI OLF Monitoring Well Inatallation

ELEVATION: TRD
DRILLING METHOD AND EQUIPMENT USED: Rotesonic  emrasonic 150 CC

TER LEVELS : START :
3 2
3 1
Dl
1.5 concrate
2.5' 318 hydrated bentonite pellsls
4
9
157
5
B
162'
164
6
7
174
179

(R
[T Jo-12ebae

&  129-170°bgs

LOCATION : Coupeville, WA
DRILLING CONTRACTOR : Yellow Jacket

D. Butler

END : LOGGER: . ( er

1- Ground elevation at well TBD

2- Top of casing elevatlon TBD

3- Wellhead prolection cover type Filush Mount
a) draln tuba? No
b) concrete pad dimensions;  2'x 2"
dapth of surface concrele 1.5'

4- Dia.ltype surface casing 8

5 Dia./type of well casing

2" Sch 80 PVC
8- Typafslot/size of screen
0.01" PVC
7- Type screen filter 20/40 Colorado silica sand
quantity used saven 50-Ib bags
8- Type of seal 38 coated bentonite pellets
quantity used one and 1/2 5-gal buckets
8- Grout
a) Groul mix used High solids 20% bentonite grout stumy
b) Method of placement Tremie pipe
c) Vol.of surface casing grout
d) Vol. of well casing grout ten 50-1b bags
Developmant melthod
Development time
Estimated purge volumg
Commenis

Ibustration not to scale.



PROJECT : NASWI OLF Monitoring Well installation
ELEVATION: TBD
DRILLING METHOD AND EQUIPMENT USED: ﬂO“
WATER LEVELS :
3 2
1
o!
4
=] 8
125 4
5
8
130
132
6
7
142
144°
147°
140

L
0'-19' bys

& 19147 bgs

PROJECT NUMBER
£05610.04.FLWI

WELL NUMBER

WECV-MW155 OF 1

SHEET 1

GROUND WATER MONITORING WELL COMPLETION DIAGRAM

LOCATION : Coupaville, WA

DRILLING CONTRACTOR : Yellow Jacket D.Butler; Ecut

r e
START: 2. END: LoGGer: M- ¢
Q. Gargdner
1.5' concrate
1- Ground elevation at well TBD
3.5' 48 hydrated bentonite peliets

2- Top of casing elevalion TBD

3- Wellhead protection cover type Flush Mount
g) drain tube? No
b} concrete pad dimensions; __ 2'x 2"

depth of surface concrele 1.5
4- Dia.itype surface casing 8°
5- Dia.ftype of well casing
2" Sch 80 PVC
6- Type/siotisize of screen
0.01 PVC

7- Type screen filter 20/40 Colorado silica sand
quantity used seven 50-b bags

8- Type of seal 3/8" coated bentonite pellets
quantity used two 5-gal. buckels

8- Grout
a) Grout mix used High solids 20% bentonits groui sturry
b} Method of placemant Tremie pipe
¢} Vol.of surface casing grout
d) Vol. of well casing grout seven 50-lb bags
Development method
Development time
Eslimated purge volume
Comments

Itustration not to scala.



Appendix C
Well Development Logs



chawm-

WELL DEVELOPMENT DATA SHEET
Client:  NAVFAC Project Number: 695610.04.FI.WI
tion: OLF Coupeville Well ID: WI-CV-MW
t:  Well development Sample ID: NA
Date: 12/ Xt ) Gi.laanbwer , M, Ep
Weather: Coouny, 1oy 30'S vo ypneties Delep
NS¢ wds @ 3100
_ Before ., After * (asing Mo
Total Depth: ¥ )74 | 178.90 FT{BTOC) (u+ Y Measuring Device: Sov,anr WLz i, 209
Depth towater: k() 124 45 P42M,5° FT.(BTOC) Hlhotivn Date and Time: 12/a/i9 =Y 12/22./1q
Water Column: 54.65 S4.4 FT. A HAAD BoTTUA Saygyg G0
(x) 6./63 6 163  GALIFT. gpmen Well Dia. Volume
Well Volume: £ .qeb £.8¢7;7 GAL. €LsvaTind | (inches) | {gallons/foot)
Total Purge Vol.: WA 5% , GAL 1 0.041
1O1-4) 1.25 0.064
Purge Device: PAASYAL LAET -&b@ W Bnass ok 2 0.163
VAWE wf LEFTHAL SEAL 4 0.653
FIELD PARAMETERS
Stabilizaton Criteria  constant + 3% +10% +0.1 $10mv <10

b ey ba, 9
}bjo Fl.-,r\]%l,’ L. ZT‘q
d(lfv'n —\.J_;ﬁ» al pucesd v, 1
oOn I'ZIZ'Z.I'ZDH 3 rW‘Jt w it bales.
Beun G’BM) oven PPN w] ManvaL ier pemP (449 Qams v uaLv - giam Bsapry) . Jwmiar BT i2Yy s broc

04966 sroe pumping DYWI1 245 brec (Fiom iAo, ~ goia Al L > 16 et VoreHtl porGeD
For 20d oy e




chawm-

WELL DEVELOPMENT DATA SHEET

Client: ~ NAVFAC Project Number: 695610 04 FI Wl
tion: OLF Coupeville Well ID: WI-CV-MW 5
. Well development Sample ID: NA
Date; 120212 Sampling Team: o € . G GARDHEA
Weather: Moy So sy A 308 Tubons Oy s, € 8% . 2.8 i
S~ Gnl,j..
Before After
Total Depth: ¥ 1y 4 *ug.iz’ FT.(BTOC) *(a5nq No a1 Measuring Device:  NA
Depthtowater: ¥ () jjg 77 Py27324.9 FT.(BTOC) Jet Hird oo ifgn  Date and Time: vafarort =y 2fsahm
Water Column: 29,61 23,23 FT. ol FranL puia 1o s 1e1s”
{x} 6 13 8.1z GALIFT. eLevaront | Well Dia. Volume
Well Volume: y 828 | 3.743 GAL HALD {inches) | (qgallonsifoot) |
Total Purge Vol.: N7 48. 65 GAL. Bemre 1 0.041
1.25 0.064
Purge Device: MANGAL LT Pemp . HYN Gant s o 2 0.163
VAL Y LA, Se il 4 0.653
FIELD PARAMETERS
Stabilizaton Criteria  constant 3% +10% +0.1 +10 mVv <10

126 § non lng. 3.17}1[. bey e ,

on it f22 i
5—_-—'—-—
QGUHE BELIN Gita purpinG W MARUAL LisT Pome
INTYALY DIUs 123 32 bise (Fm.'n- gLsvaTer (g7 )

. . - g'bro
1826 pumpsd 49 3 7eeat, STOP DVLLOMMENT | Y g ket Vorpmgs puassd, DTV = 122.7 ¢

3 rsindy,
- i 1
lors Fuwne v 2124.9 broe | 7D= (M2 11 bwe (Hawe gomgu)



chawm-

Client:  NAVFAC

WELL DEVELOPMENT DATA SHE

! ‘on: OLF Coupeville

t:  Well development

Date; 12/ 20 lJ2c0

Weather: € vy pid G0'S E, w93 (5 13 ~jemph

Sampling Team:

Project Number: 635610 04.FL.WI

Well ID: WI-CV-MWE, S

Sample ID: NA

. ErDO

3 Do

oo (SALDIIS

YELLSL) TACK &

" Before After
Total Depth: *%iys.08 1»! FT.(BTOC) ¥ £hamn wov F ":"‘" Measuring Device: WA
Depth to water: ) 124.37 FT (BTOC) o nand @orroen . Dateand Time: 2 fac/is —> szlealim
Water Column: 2d.68 29 42 S FiuaL oia 12:0€ .15
X} & 63 [&-163 GAUFT. gvzveres | Well Dia. Volume
Well Volume: 3.37u8 | 3.3285 GAL. ALD (inches) | (gallonsifoot)
Total Purge Vol.: ~A {Y 4277 GAL. Boyreh 1 0.041
1.25 0.064
Purge Device: PMAMNLAL LET  Pomp . HHG Bmnsy cHEck 2 0.163
VALVE § LERTHEA SETL 4 0.653
[ELD ARAMETERS
Time Purge Vol Tirgp' Color / Cdor / Comments
Stabilizaton Criteria  constant + 3% +10% +0.1 +10 mv <10

1256 SErT v
on 12f220m

1©SG > tmivia =

WIS SSup puntongy

To B POAPING | ( TiLiZE MamunL LicT puﬂ?f-BM‘aS CHEe

i -UALVE DO -ANGE

PUSLED M2 202 taniows . PUREED D18 e VOLumes,
Fimde DTV 924, yp’ Lroc

V24, % Liroe LF...:!M. isst sbtnmrwh-\), BEGI puen punmp wf HARLYL LieT Punp



cham.

Client:  NAVFAC Project Number: 635610.04.F1.Wi
tion: OLF Coupeville Well ID: WI-CV-MWI6 1
E nt:  Well development Sample ID: NA
Date: j2izoim Sampling Team: 4. En | (o Gardata
Weather: 5, ooy, uopa D5 lonbie § F, N it G132 18.mp4 R.Avans / Yereo.w Sacwst
Before After
Total Depth: ¥ §99.2' broe gnq q2' FT(BTOC) ~CM™ ™ €97 X\ euring Device: 190
Depthtowater: > () j25.06’ [P13d 63 FT.(BTOC) o "1~08cmiend Date and Time: { 2/2e/2ct v /2722 /v
Water Column: S4 .Yy Ss2 FT. dl o FinipL 09.35 12:25
{x) 0.163 0.6% GAUFT. guivariw| WellDia. | Volume
Well Volume: .62 | q prrz GAL HARD {inches) | (gallons/foot}
Total Purge Vol.: 100,46 GAL. Gerer 1 0.041
1.25 0.064
Purge Device: Manue vt grefo, Y49 Bams vALVE 2 0.163
Coem Vivare) T LEATHEL SELIL, 4 0.653
FIELD PARAMETERS
Stabilizaton Criteria  constant +3% +10% 0.1 +10 mV <10

03 5 &J-"'l Pume g

WS AMossees Pomp  aable to r2mece ,Uw) step pcmyn?j
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Appendix D
Well Survey Report



Set Monitoring Wells

Whidbey Island Naval Air Station - Outlying Landing Field
Coupeville, WA
Survey Date: February 2018

Top of Metal Top of PVC

Case Casing
Point Id Northing Easting Elev Elev
KEYSTONE WELL 440098.088 1200294.122 197.371 194.744 *Elevations are to top of flange and top of box
MW15M 440404.383 1200504.865 193.660 193.351
MW15S 440393.080 1200505.471 193.184 192.921
MW16M 440104.821 1200484.089 192.575 192.274
MW16S 440094.699 1200484.483 192.538 192.162

Notes:

1. HORIZONTAL DATUM: NAD83/11, WASHINGTON STATE PLANE COORDINATE SYSTEM, NORTH ZONE NAD83/11
WSDOT MONUMENT USED FOR THIS PROJECT

COUPEVILLE 3" BRASS DISK W/PUNCH IN CONC "USC&GS COUPEVILLE 1954"

1328 3" BRASS DISK W/PUNCH IN CONC 0.40 ABOVE SURFACE "USC&GS J328 1952"

2. VERTICAL DATUM: NAVD88
BENCHMARK USED COUPEVILLE ELEV 199.347

3. EQUIPMENT USED: LEICA MS50 TOTAL STATION, LEICA DNA10 DIGITAL LEVEL

\\pdxfpp01\groups\NWT\SURVEY\_Projects\Whidbey Is| Navy Base\Deliverables\
Whidbey Isle MWs.xIsx lofl 2/8/2018 6:35 AM
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Aquifer Test Hydrographs
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Figure E-1.
LEGEND evstone Hill Well Pumping Rate Motes: Hydrograph of Groundwater Elevation and
—— S gom - gallons per minute Pumping versus Time — Keystone Hill Well

NAVD88 = North American Vertical Datum of 1988 Naval Air Station Wh/dbey Island

Coupeville, Washington
chaw:

A Manual WL
41-hour Calibration Period

NG0321181403SEA FigE-1_Hydrograph_KeystoneHill
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Figure E-2.
LEGEND evstone Hill Well Pumping Rate Motes: Hydrograph of Groundwater Elevation and
+ o gom = gallons per minute Pumping versus Time — MWO04S

NAVD88 = North American Vertical Datum of 1988 Naval Air Station Whidbey Island

Coupeville, Washington
chaw:

A Manual WL
41-hour Calibration Period

NG0321181403SEA FigE-2_Hydrograph_MWO04S
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Figure E-3.
LEGEND Hyd h of Ground Elevati d
+ Keystone Hill Well Pumping Rate Notes: ydrograph of Groundwater Elevation an
Groundwater Elevation gpm = gallons per minute Pumping versus Time - MW04M

NAVD88 = North American Vertical Datum of 1988 Naval Air Station Whidbey Island

Coupeville, Washington
chaw:

A Manual WL
41-hour Calibration Period

NG0321181403SEA  FigE-3_Hydrograph_MW04M
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Figure E-4.
LEGEND Hyd h of Ground Elevati d
+ Keystone Hill Well Pumping Rate Notes: ydrograph of Groundwater Elevation an
Groundwater Elevation gpm = gallons per minute Pumping versus Time - MW07S

NAVD88 = North American Vertical Datum of 1988 Naval Air Station Whidbey Island

Coupeville, Washington
chaw:

A Manual WL
41-hour Calibration Period

NG0321181403SEA FigE-4_Hydrograph_MWO07S
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Figure E-5.
LEGEND Hyd h of Ground Elevati d
+ Keystone Hill Well Pumping Rate Notes: ydrograph of Groundwater Elevation an
Groundwater Elevation gpm = gallons per minute Pumping versus Time - MWO07M

NAVD88 = North American Vertical Datum of 1988 Naval Air Station Whidbey Island

Coupeville, Washington
chaw:

A Manual WL
41-hour Calibration Period

NG0321181403SEA FigE-5_Hydrograph_MWO7M
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Figure E-6.
LEGEND evstone Hill Well Pumping Rate Motes: Hydrograph of Groundwater Elevation and
+ o gom = gallons per minute Pumping versus Time - MW14M

NAVD88 = North American Vertical Datum of 1988 Naval Air Station Whidbey Island

Coupeville, Washington
chaw:

A Manual WL
41-hour Calibration Period

NG0321181403SEA FigE-6_Hydrograph_MW14M
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Figure E-7.
LEGEND evstone Hill Well Pumping Rate Motes: Hydrograph of Groundwater Elevation and
+ o gom = gallons per minute Pumping versus Time - MW15S

NAVD88 = North American Vertical Datum of 1988 Naval Air Station Whidbey Island

Coupeville, Washington
chaw:

A Manual WL
41-hour Calibration Period

NG0321181403SEA FigE-7_Hydrograph_MW15S
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Figure E-8.
LEGEND evstone Hill Well Pumping Rate Motes: Hydrograph of Groundwater Elevation and
+ o gom = gallons per minute Pumping versus Time - MW15M

NAVD88 = North American Vertical Datum of 1988 Naval Air Station Whidbey Island

Coupeville, Washington
chaw:

A Manual WL
41-hour Calibration Period

NG0321181403SEA FigE-8_Hydrograph_MW15M
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Figure E-9.
LEGEND evstone Hill Well Pumping Rate Motes: Hydrograph of Groundwater Elevation and
+ o gom = gallons per minute Pumping versus Time - MW16S

NAVD88 = North American Vertical Datum of 1988 Naval Air Station Whidbey Island

Coupeville, Washington
chaw:

A Manual WL
41-hour Calibration Period

NG0321181403SEA FigE-9_Hydrograph_MW16S
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Figure E-10.
LEGEND evstone Hill Well Pumping Rate Motes: Hydrograph of Groundwater Elevation and
+ o gom = gallons per minute Pumping versus Time - MW16M

NAVD88 = North American Vertical Datum of 1988 Naval Air Station Whidbey Island

Coupeville, Washington
chaw:

A Manual WL
41-hour Calibration Period

NG0321181403SEA FigE-10_Hydrograph_MW16M
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LEGEND
+ Keystone Hill Well Pumping Rate
Groundwater Elevation
A Manual WL
41-hour Calibration Period

Notes:

gpm = gallons per minute

NAVD88 = North American Vertical Datum of 1988
Data not used for groundwater flow model calibration.

Figure E-11.

Hydrograph of Groundwater Elevation and
Pumping versus Time — MWO02S

Naval Air Station Whidbey Island

Coupeville, Washington
chaw:

NG0321181403SEA FigE-11_Hydrograph_MWO02S
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Figure E-12.

LEGEND ‘ il Well p R \ Hydrograph of Groundwater Elevation and
+ eystone Hill Well Pumping Rate otes: . .
. Y g E ping gpm = gallons per minute Pumping versus Time - MWO5M
roundwater Elevation = . . .
A Manual WL NAVD88 = North American Vertical Datum of 1988 Naval Air Station Whidbey Island
Data not used for groundwater flow model calibration. Coupeville, Washington

41-hour Calibration Period

NG0321181403SEA FigE-12_Hydrograph_MWO5M



Appendix F
Selected Photographs



Ultrasonic flow meter installed on vertical pipe segment at Keystone Hill well pumphouse—12/21/2017



WI-CV-MW15M completed well pad—12/21/2017

WI-CV-MW15S completed well pad—12/21/2017



WI-CV-MW16M completed well pad—12/21/2017



WI-CV-MW16S completed well pad—12/21/2017



Transducer installation at WI-CV-MW14M—12/21/2017



Transducer installed at Keystone Hill well—12/21/2017



Appendix G
Groundwater Sampling Data Sheets



chzxw

Client;

NAVFAC

Location: OLF Coupeville

Event:

Winter 2017 Groundwater Sampling

Date:

ei/8s /208

Weather: Cicuny LA P33 F S wians (10

GROUNDWATER SAMPLING

Project Number: 695610 04 FI FS

_Page: |

Well ID: WI-CV-MWoE 5 0

Sample ID: WI-CV

QM-I

Sampling Team: G\ G ano obe, Mo Eron. o 18 EZ

Bmpt,

Total Depth: 17249l FT.{BTOC) Measuring Device: S..uwar WeE Pio, MMy nng
Depth to water: ﬁmsmq 23 2 W o L-52
Water Column: £5 3y FT.
(X} O j65 GAUFT. Well Dia. Volume
Well Volume: q.0 GAL. {inches) | (gallonsifoot)
Total Purge Vol.: i. ! ﬁ GAL. 1 0.041
1.25 0.064
Purge Device: Gecxer OFC BLadDEL PoMP 2 0.163
4 0.653
PARAMETER STABILIZATION CRITERIA
Temp, Cond. DO pH ORP Turbidity DTW
Parameter °C mSicm mg/L SU mv NTU ft BTOC
. +0.01 (if <1)[10.05 (if <1) +10%
Criterla +0.1 £0.02 (it >1)] £0 2 (it >1) +0.1 10 <10NTU %0 3 { ow flow)
FIELD PARAMETERS
Purge Vol. Temp. Cond. Do pH ORP Turbidity DTw
Tme | roals) C_ | mSkm | mgl su mV NTU ftgroc | Color/ Odor/ Comments
Q440 lingel~gd| T AL [¢ 255 | 10 4 | 170 | X4 T} 123.3) [Clear, 16 codan
oquy lo uy Y 35 5 | 9 499 | 771 | 2Ue q 4 125, 5 X
equy [0 53 Y4t _|o 3s¢ | 9 4 277 | 1u3 ¢ 7 123,32 T
0952 v 72 ¥ v |35 | ¢ 9, | 7 v | 239 3 ¥ 1215, 33 w
0956 | O e ¥ 02 1036 pi7 7 95 239 > 133 2 H
S4opo | 1.0 ¥ s (0 dss5 [ 7.]] 7.¥5 | 2349 g2 123 3¢ i
o4 | §-)Y4 QG %55y | 2 ¢3 | 7.9 236 7 7 1273 30 I
o? | 1.33 373 o 35y ¥ 27 79X L3¢ 7 2. 123 3y /
01z |l 4z R 7% ' o5y | 7.95 | 7-92 | 23= 2.7 123 3 '
10i¢ l-57¢ ¥ 77 |0 3y 71 | 1-92 232 & .q 123 g !
1020 [ L. 70 329 {ovsy | 7.83 | 7.97 | L34 5 G 123 30
Sample information: method, container number, size, and type, preservalive used.
Analysis Preservative Container requirements Na of confainers

Pump Start Time; 09y
Initial Fill Time(FT; sec): Je
Initial Discharge Time(DT; sec): +3

Observations/Notes: Drop PurP © 8853 To S ~Tion B P =
TR ¢ Purt G 163,45 Toc, Taeosr PAESSees

(¢3

Final Fiif Time:

:—,1)4'101: ciipu..

Final Discharge Time:

165 "brec (M0 scaveu) Air Monitoring:

VOC {ppm)=p ©
H2S (ppm) = & &
LEL (%) &

CO (ppm)=6 &
02(%)= 209

Pump Depth: j¢s' @ Toc PurgeRate: /|5 m) n @ gaH 4
Sample [Time:
MSIMSD ] Duplicate ID:

| Signature(s):




chz2m:

GROUNDWATER SAMPLING DATA SHEET

Client:  NAVFAC Project Number: 695610.04.FI.FS Page: o of
Location; OLF Coupeville Well ID: WI-CV-MWo £ m
Event:  Winter 2017 Groundwaler Sampling Sample ID: Wi-CV- (wos M- DIIg
Date: /57201y Sampling Team:
Weather:
Total Depth: FT.{(BTOC) Measuring Device:
Depth to water: () FT.(BTOC)
Water Column: FT.
(x) GALIFT, Well Dia. Volume
Well Volume: GAL. (inches) | (gallonsioot)
Total Purge Vol.: GAL. 1 0.041
1.25 0.064
Purge Device: 2 0.163
4 0.653
PARAMETER STABILIZATION | CRITERIA
Temp. Cond. pbo pH ORP Turbidity DTW
Parameter °C mS/ecm moil Su my NTU ftBTOC
. +0.01 {if <1)]£0.05 (if <1) +10%
Criteria 0.1 £002 (it >1)] £0.2 (i >1) 0.1 10 <10NTU £0.3 {low fiow)
FIELD PARAMETERS
. Purge Vo!, Temp. Cond. Do pH ORP Turbidily DTW
Tme | igas) | mSkm | mgl su mv NTU frgToc | Color/ Odor/ Comments
Al ] %90 ¢ 543 RAEE 1.94 A33 5.5 2%.10 Ceav, np ¢ do,
o2y | | 9¢ .92 |0»Y | R vq 194 | 22y 5.v 123. 3¢ i
%% | A2 ¥4 _[03s5Yy | © 2 729 | xae 3.y 123 3 h
Sample information: method, container number, size, and type, preservalive used.
Analysis Preservative Container requirements No. of containers
Observations/Notes: Air Monitoring:
VOC (ppm)=
H2S {ppm)
LEL (%)=
Pump Start Time: CO (ppm)=
Initial Fill Time(FT; sec): Final Fill Time: 02 (%)=
Initial Discharge Time{DT; sec): Final Discharge Time:
Pump Depth: Purge Rate:
Sample Mime: Jotio
MSIMSD i Duplicale I1D:
Signature(s):




ci

Client;

NAVFAC

Location: OLF Coupeville

GROUNDWATER SAMPLING DATA SHEET

Project Number: 695610 04.FI.FS
Well ID: WI-CV-MWiyn,y

Page: ]

Event:  Winter 2017 Groundwater Sampling Sample ID: WI-CV- G #¥M~01 1 &
Date: TS Sampling Team: __ M Ends . | LoPEY
Weather: _0pPeR 4o ain BT TIME. W.NAS 20 o
Total Depth: 1S oy FT.(BTOC) Measuring Device: SnLin &7 Ringa i G01wsq
Depthtowater: () j22.¢8__ FT.(BTOC) TE
Water Column: 52,77 FT. MO
(x) © je3  GALIFT. Well Dia. Volume
Well Volume: &.54 GAL. (inches) | {gallonsifoot)
Total Purge Vol.; FRAY GAL. 1 0.041
1.25 0.064
Purge Device: GeoPeote 2 Bulppep AP £ o Bx 2 0.163
4 0.653
PARAMETER STABILIZATION CRITERIA
Temp. Cond. DO pH ORP Turbidity DTW
Parameter °C mSicm ma/L sSuU my NTU ft BTOC
- +0.01 (if <1)|£0.05 (if <1) +10 %
Criteria 10.1 +0.02 (F>1)] £0.2 (i >1) 0.1 +10 <10 NTU 0.3 (fow flow)
FIELD PARAMETERS
. Purge Vol. Temp. Cond, DO pH ORP Turbidity DTW
Time | (gals) C | mSkem | mot sU mv NTY ftgToC | Color/ Odor/ Comments
Hi3 045 425 | &3 .28 T.a, 32 .35 122.8.0 CLEAZ , Oboeipss
s 8,25 23S 19,331 [ Ys? R.24 44 M 122:%3 LWLy Al E,
(30 | 9,35 935 _|D.232 | 2,33 2.3 | 3% {40 J22:92 | B woudy were
&S | ©,«5 .43 | O3y S % S0 3 (S5 I23. 53 DARK bl
40 | 0, 5B 17) 19.333 [ 8, 3 | %20 1Yy SH 122,43 T O
li1s 1 8.¢6¢ 932 12333 | D.ax 320 | 24 .Sgq 122.93 " N
s | 9,95 182 | 033y Qo0 | Qs [-63 02 122.45 Y ftoy
S¢ | @.9s %92 | Q.334 | pose 213 | - &% 10: 9 /23,05 CLEAR v 4
{280 1, op |B)¥ 0,234 eh Fd1 | 9 & i, ¢ 123,15 UgAging,
{ZBS‘ /:/ B l :q 9:339 0’!66 ‘8‘,{0, "“3 ”12, 12.31 Iz UJ’:AY,I'\FQ
[Zi0 /15 P+ | 8,339 [ U.ep R 0@ | -723 f.p 123, (D W EA,
Sample information: method, container number, size, and type, preservative used.
Analysis Preservative Container requirements No. of containers
MOD METHON G273 N/A 125mL Dou 2.
Observations/Notes: o7, DEPTH ¢ 175,05 AToC (8367 Bam)y Air Monitoring:
SCEEEN

VOC {ppm)= Q. &
H2S (ppm) (3 ¢
LEL (%)= O, ¢
CO (ppm)= 2, »
02 (%)= 2.6.9

AT HBD SwiTCHED PorER SouRce FRom BArEey To UEAILE

Pump Start Time:  (0:45
Initial Fill Time(FT; sec): 1, e

Final Fill Time: {4 3ec
Initial Discharge Time(DT; sec): 43 sec

Final Discharge Time: &S -ec.

Sample fTime:

12{9

Pump Depth: 1" QToc

Purge Rate: gq ""/"8 Sec

MSMSD

Duplicate ID:

Signature(s):




chzw-

GROUNDWATER SAMPLING DATA SHEET

Client:  NAVFAC
Location: OLF Coupeville

Project Number: 695610.04.FLFS ..

Page: | of

Well 1D: WI-CV-MWETS- 0O 7M

Event:  Winter 2017 Groundwater Sampling Sample ID: WI-CV- Guvo7

Date: e Sampling Team: & Greordiner, M Sode € . coitlow
Weather: ’ '

Total Depth: 4% ©Y  FT.{BTOC) Measuring Device: 5citnSd | L) #joj
Depth to water: Henrhe ti-s3

Water Column:

() 157_35 FT.(BTOC)
(s g _FT.

x) & [t>5 GALIFT. Well Dia. Volume
Well Volume: o GAL. (inches} | (galionsifoot)
Total Purge Vol.: 9.532 GAL. 1 0.041
1.25 0.064
Purge Device: GecTeth PF¢-Yre B acld e 2 0.163
] 4 0.653
— PARAMETER STABILIZATION CRITERIA
Temp. Cond. DO pH ORP Turbidity oTW
Parameter °C mSicm mgfL SU mv NTU ft BTOC
N +0.01 (if <1)[£0.05 (if <1) 0%
Criteria +0.1 +0.02 (if >1)] £0.2 (it >1) 10.1 +10 <toNTu | £0-3 low flow)
FIELD PARAMETERS
, Purge Val, Temp. Cond. bo pH ORP Turbidity DTW
Time {aminkinl oc mS/em %ﬂ su iy NTU 1 BTOC Color / Odor / Comments
Bna S SN B e SV N I V7 W S wrg— Y iy — Tt
Wi | =80 [ 720 037 110 224 | -3 AA4.220i NEN
(Y5~ | 24X | 332 [o333 | p20 | 232 | -nf 1.02 12423 _ MA
i1t J02 [d.24 [0.33¢ [ n.0n | 23T [ =42y H.48 (X309 M
se | 497 | g6l (g 332 | e.00 23¢C | 430 494 (R3S Gleor
120 LML | 2.57 [ 0,123 e oz | 233 ~1237 S /3 33 (e
leab | V602 | 35T [ 033 | 0 or, | 430 | <i37 k) /2. .52 2o
210 | V328 [ B0 [ 6238 [ 00- | &2 | =1iC .19 izl 93 Cleser JHeO.,
2.5 A9 | B8 o o 29y | Ryp -13G i ETY Clecy
Sample information: method, container number, size, and type, preservative used
Analysis Preservalive Conlainer requirements No. of containers

Observations/Notes: PO Swcriod DrTHS | A5 Gre
ORI DTW= 124 575" e

» 18! STmGEL) yop oF PUMP S TR ST Air Monitoring;

bl voc {ppm)= & ©
H2S (ppm) = &.&

LEL (%)= &
CO (ppm)= ©.¢&
02{%)= 2.9

Pump Start Time: 0 4/ 575
Initial Fill Time(FT; sec): | ¥
Initial Discharge Time(DT; sec): 1|7
toary + (Pieseure gy P
Pump Depth: 13C .4

Sample Time: 1228~

Final Fill Time: 5@
Final Discharge Time: 50

Purge Rate: H wi ’.,.\ A

MSIMSD | Duplicate ID:

Signature(s):




cham.

GROUNDWATER SAMPLING DATA SHEET

Client:  NAVFAC Project Number: 695610 04 FI FS Page: | of ~
tion: QLF Coupeville Well ID: WI CV-MWEy
ent:  Winter 2017 Groundwater Sampling Sample ID: WI-CV
Date: 6 [oz 2018 Sampling Team: __pA. Epsnp |, G. Gaanme
Weather: Sy, yppee 30'SF, NE ot G ¢ Hmph
Total Depth: | 65 FT.(BTOC) Measuring Device: $efinyi- vl ) $Flet
Depth to water: () {og 22 FT.(BTOC) _ Hurilpd t4-§"73
Water Column: Xot. by FT. HMULT! ang
(x) ©.1&3 GALFT. Well Dia. Volume
Well Volume: 3.37 GAL finches) | (gallons/foot)
Total Purge Vol.: GAL. 1 0.041
1.25 0.064
Purge Device: (rooTech PE¢-Free Bladdan 2 0.163
- 4 0.653

PARAMETER STABILIZATION CRITERIA

FIELD PARAMETERS
Sam le information: method container number, size and reservalive used.
Observations/Notes: (@ 1401 Bru Beicw TOP oF POAP ycasntos SU TIGM DiaTH Air Monitoring:
BOIZ3ETS g postes Oay, 491G Srop PovP b Atiow yo RECHARLS VOC (ppm)= ©
Pump Start Time: @ 6940 H2S (ppm}- >
Initial Fill Time(FT; sec): | 7_ 2556« Final Fill Time: 2.6 $€¢ LEL (%)= o
Initial Discharge Time(DT; sec): 3, 23gc Final Discharge Time: 26 sec CO (ppm)= ©

02 (%= Lo 9
Purge Rate: p3a ) Lo
SuL$iein

Rump-Depth: 11 (- brec. (que of comp @ TERTN)

& lefMime;
MSD

Oy | Germintly SIHMIFILANT DRAWDOOIN . 5Ty Puap T Miagent Nfciiage RATE iad wete. 6.1° f 1 si1ns (ag-

COL Dethary, rate Ry Sy, Wl puge il glIJ Targed DTW= D0 bRl Algy, oo

Yo felhalye 80

.l‘\ )Ll 'd X i
1222 Brwz 19, 360 ree . NS s b S,



cham-

GROUNDWATER SAMPLING DATA SHEET

Client:  NAVFAC Project Number: 695610.04.FI FS Page: 2.  of 2
Location: OLF Coupeville Well ID: WI.CV-MW a4 S
Event:  Winler 2017 Groundwater Sampling Sample ID: WI-CV- G v @94 S - 019 B
Date:  p)/o4 Jzo g Sampling Team: _ 14 Ewo |, €. banbusc; £.Corren
Weather:
Total Depth: FT.(BTOC) Measuring Device:
Depth to water: {-) 186:98 _ FT.{BTOC)
Water Column: FT.
(x) GALIFT. Well Dia. Volume
Well Volume: GAL. (inches) | {gallonsifoot)
Total Purge Vol.: GAL. 1 0.041
1.25 0.064
Purge Device: 2 0.163
4 0,653
PARAMETER STABILIZATION CRITERIA i
Temp. Cond. (o]0] pH ORP Turbidity DTW
Parameter °C mS/cm mg/L sU my NTU ft BTOC
_ +0.01 (if <1)[+0.05 (if <1) +10%
Criteria +0.1 +0.02 (f >1)] £02 {if 1) +01 10 <10NTU +0.3 (low flow)
FIELD PARAMETERS
. Purge Vol. Temp. Cond. DO pH ORP Turbidity DTwW
Tme | oals) ¢ | mSkem | mot su my NTU ftaToc | Color/ Odor/ Comments
24 Mo N — . 186.8'1 CLiie, peodls,
LX) NA NA 187.39 Ve
w2, &.5cn i) — 165, 40 "
{445 6.5s 829 G268 | £.99 | .59 15} 7.e2 108.57 f
Sample information: method, container number, size, and type, preservative used,
Analysis Preservalive Container requirements No. of containers
ObservationsiNotes: Dwor Purp To |19‘3$'&?c¢® IS oAl drw (o remp) Air Monitoring:

Pump Depth:

= 106,68 hiog (

Rewviay), 1432 whrkn & SeasacE,

Pump Start Time: 423
Initial Fill Time(FT; sec):
Initial Discharge Time(DT; sec): 265¢«

283

SampleTime: | H 90 0w G"/@“/'a

Final Fill Time:

2 Bste

Final Discharge Time: 2\stc.

Purge Rate:

VOC (ppm)= 6 -@
H2S {ppm) g-©

LEL (%)= &

CO (ppm)= &-G
02(%)= z2-9

MSIMSD

Duplicate ID:

Signature(s):




clzw

GROUNDWATER SAMPLING DATA SHEET

Client:  NAVFAC Project Number: 695610.04.FI.FS Page: ) of
Location: OLF Coupeville Well ID: WI-CV-MWO 76
Event:  Winter 2017 Groundwaler Sampling Sample ID: WI-CV- (1 a/ 75 = DR
Date:  J/u/3ojy Sampling Team: (; ( o M Eado . Ca4le
Weather:
Total Depth: (BTOC) uy, 7 Measuring Device: it (/L) ol
Depth to water: THEY u FT {BTOC) Hortbe (4 53
Water Column: A A7
pq Clés GAUFT. Well Dia. Volume
Well Volume: A.G7 GAL. {inches) | (gallonsifoot)
Total Purge Vol.: 207 GAL. 1 0.041
- - 1,25 0.064
Purge Device: Gegiech P”C*‘f‘r < fac)cie ¥ 2 0.163
4 0.653
PARAMETER ST STABILIZATION CRITERIA L
Temp, Cond. Do pH ORP Turbidity DTW
Parameter °C mS/cm mgil. Su mv NTU fLBTOC
. +0 01 (if <1)|+0.05 (if <1) +10%
Criteria +0.1 £0 02 (it >1)| +0.2 (it >1) $0.1 +10 <10NTU +0.3 {low flow)
FIELD PARAMETERS
) Purge Vol. Temp. Cond. 0o pH ORP Turbidity DTW
Time 1 (gais) °C miem | mol | SU my NTU frprog__|Color/ Odor / Comments
H4e ~14a) [ 7 249 L3 | )Gy | 764 il L3 122.% Cleens, ma o,
Hse | | A 2 57 g | > 57 17729 | 47 o 127 75 '
1201 | 3 ZLg 1l eqz | O HY | 7 79 | 4o o 2 127 7¢~
Do | \ 4 1 4 cq4 | 2¢ 1.8 299 0. 1 127 75~ iy
[N | 5 7 17 bgd 1 0. Qo e ] ‘i' o o {27 74 \
1l L 6 | gos |t veylo oo [ 792 14 9. 27, 35 *
MY L7 %06 o 0¥ | 0. 0c 7821 10 [ 127 75~ n
1lre | ¥ Yoy |09 10 00 |7 B0 4 .0 142 20 i
1231 V. g Pol lvwed [ ve [7T¥% 7 o ¢ 117 7¢ i
1336 2.0 | SO |0 wry [¢ o 793 sl 127 70 b
Sample information: melhod, container number, size, and type, preservalive used.
Analysis Preservative Container requirements No. of containers
ObservationsiNotes: TALGLT SucTe ) 03TH = P32, | 35, 5 'broc Air Monitoring:
TP of rur\p O ~133 ' brne, GBS Frowcete CEFING ) e o eS| VOC (ppm)=G. €
[ 3y

Pump Start Time: | G 4 4

Initial Fill Time(FT; sec): 15

Initial Discharge Time(DT; sec): 35

TAMET P= T6.5ps.

Pump Depth: i3 4. 47 bto( scede: depth

Sample [Time: | L H 5

H2S (ppm) =60

LEL (%)= &
CO (ppm)= 4.0 (MY (usramed)
Final Fill Time: | 7 ¢ 02 (%)= 26,9

Final Discharge Time: 3.3 ¢

PurgeRate: F-(> mL /mum @ 115C

MS/MSD

Duplicate iD

Signature(s):




cham.

GROUNDWATER SAMPLING DATA SHEET

Client:  NAVFAC Project Number: 695610 04.FI.FS Page: 1 of 2
tion: OLF Coupeville Well ID: WI-CV-MW-A7C ¢ )
nt:  Winter 2017 Groundwater Sampling_ Sample ID: WI-CV M 77 §- o118
Date: 1RpHog Sampling Team: 4, Ph/! L
Weather: C\An g, J3°F RIVE Y7,
Total Depth: J {é% FT.(BTOC) Measuring Device: {01 ih ¢t LOL 048l 9
Depth to water: § FT(BTOC) ‘Huv.bﬂ« iV €3
Water Column: ey T Mulbvaz
jx]o “a GALIFT Well Dia. Volume
Wel! Volume: 2.7t  GAL (inches) | (gailonsifoot)
Total Purge Vol.: l:] Q GAL. 1 0.041
1.25 0.064
Purge Device: Gerokechh e enu Biadolen 2 0.163
4 0.653
PARAMETER STABILIZATION CRITERIA
Temp. Cond. DO pH ORP Turbidity
Parameter °C mS/cm m /L Su my NTU
I +0.01 (if <1) 0.05 (if <1) +10%
Criteria 01 002051 202> 20T 10 <10NTU
FIELD PARAMETERS
Time Purge Vo, Temp. Cond. DO pH ORP Turbidity
als °C mSicm m fL su my NTU
} " " ' .3 ’ .
I 0 ) ,’ . 3 -8
. . Y.
f . \ﬂr . ‘
. . ) 7.4 4] .3
\ . 10 *5" ' S ¥ ag ¢
' L 6\'3
hY q lag 1 A a
i . 0.1 vy 1 2.2 ¥
¥ L. £ 40 Q. ¥ 2 is M.
vy - i . v c.” 5.2 | §.0
Sam le information: method, container number, size and . feservalive used,
Anal sis Preservative Conlainer re uirements
¢ <y & Ay 0
Observations/Notes: : : . e Air Monitoring:
AR Al m-ga.‘f' praminc (psi) VOC (ppm)= & ©
Pump Start Time: {340 H2S (ppm) o o
Initial Fill Time(FT; sec): | Final Fill Time: LEL (%)= e

Initial Discharge Time{DT; sec): 2 (>

Pump Depth: §7.7° boe

G
Sample fTime: LJI-(V-
SD

[

Final Discharge Time: CO {ppm)= &-¢
02 (%) z20.4

Purge Rate: |0Uwil [y,

FIELD A8A6REST Rifni (wl-cv FBEi~ 01C3IE) ThkkW
H g



T

e
Cih &
GROUNDWATER SAMPLING DATA SHEET
Cient:  NAVFAC Project Number: 695610 04.Fi.FS
ion: OLF Coupeville Well ID: WI-CV-MW -0 75
t: Winter 2017 Groundwater Sampling _ Sample ID: WI-CV- g0} § - O 1 ¢
Date: THITE Sampling Team: 2, Peven -
Weather: =~ MoowAd
Total Depth: FT.(BTOC) Measuring Device:
Depth to water: {) FT.(BTOC) Date and Time:
Water Column: FT.
[9) GAL/FT. Well Dia. Volume

Well Volume:; GAL. (inches) | {gallons/foot)
Total Purge Vol.: GAL. 1 0.041

1.25 0.064
Purge Device: 2 0.163

4 0.653
SAMPLE DATA
FIELD PARAMETERS
Sam le information: method container number size and  , reservative used
Observations/Notes:
See pg L

Pump Start Time; VOC Reading:
Pump Depth:
Sam le fTime:
M SD

ures:



cham.

GROUNDWATER SAMPLING DATA SHEET

Client:  NAVFAC Project Number: 695610.04.F|.FS _Page: | of 2
tion: OLF Coupeville Well ID: WI-CV-MW G Yy V]
nt:  Winler 2017 Groundwater Sampling Sample ID: WI-CV- Gilv LU - 01T
Date:  j/3/30:9 Sampling Team: (, Gy riine, , M E¢lp
Weather: (v, ol 306
Total Depth: 5%, 0O FT.(BTOC) Measuring Device: Sofyns¢ WWL| 5 oo
Depth to water: ()t | 70 FT(BTOC) et jol
Water Column: 4 FT. Horge. (-6 3
(x} @163  GAUFT. Wel! Dia. Volume
Well Volume: (] GAL. (inches) | {gallons/foot)
Total Purge Vol.: Lééal GAL. 1 0.041
1.25 0.064
Purge Device: 2e6Teer 0 FC e Bloddy Pomp 2 0.163
4 0.653
PARAMETER STABILIZATION CRITERIA
Temp, Cond, Do pH ORP Turbid ty DTW
Parameter °C mS/cm m /L sSuU mv NTU ft BTOC
_ +0.01 (if <1) 20.05( <1) 10 %
Criteria +0.1 002 i1 $0.2 f>1 +0.1 +10 <10NTU 10.3 {low flow)
FIELD PARAMETERS
Time Purge Vol. Temp. Cond. DO pH ORP Turbidity DTW
als °C m8/cm m i su mv NTU ft BTOC
I L+ e’ 29 &.¢e Y 7 9é. 25297
I4€ : 9 .24 Qa.e¢ 3 ¢, 157
1 2ATE Locw ) s 5 25,
L . S5
Xt
2 4 c.g¢ C- L83 Y.ee §
2142 3 295 Y ¢ 4 LA -
pL| 9.¢ p LY1N £ i
125 GG CAPY O o . a %
G O 294 Nalal S0 -
3oy 9 © O.2VY .00 ¥ q¢ -1y
Sam le information: method container number size and reservative used.
Anal sis Preservative Conta erre uirements
Observations/Notes: Air Monitoring:
VOC (ppm)=1
Pump Start Time: | O . H2S {ppm) &
Initial Fill Time(FT; sec): / Final Fill Time: 260 .. LEL (%)= ©
Initial Discharge Time(DT; sec}): 3¢ Final Discharge Time: Y& sac CO {ppm)= ©
02{%) o q
oo iy) Purge Rate: | 2 5 11y L/ i (FJf L“,
LR d: ek } Y oa
mpepth: 142 o€ widh §0 Siinye, R T
Sttt obn )53 7 b
S m le/Time:
SD u lica
Si nature s :

[ -
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chawm.

GROUNDWATER SAMPLING DATA SHEET

Client:  NAVFAC Project Number: 635610.04.FI.FS Page: ). of
' fion: OLF Coupeville Well ID: WI-CV-MW  v/V]
t: Winter 2017 Groundwater Sampling _ Sample ID: WI-CV-C W WM 19
Date: /228 Sampling Team:
Weather:
Total Depth: - FT(BTOC) Measuring Device:
Depth to water: ( ) FT {BTOC)
Water Column: _
( ) GAUFT Well Dia. Volume
Well Volume: - _ GAL (inches) | {gallons/foot)
Total Purge Vol.: T GAL 1 0.041
1.25 0.064
Purge Device: 2 0.163
4 0.653
PARAMETER STABILIZATION CRITERIA
Temp. Cond Do pH ORP Turbidity
Parameter °C mSicm miL su my NTU
o +0.01 (if <1) 0.05 (if <1) +10 %
Criteria 01 w0021 202451 0 0 SNt
FIELD PARAMETERS
Time Purge Vol. Temp. Cond. DO pH ORP Turbidity
als °C mSicm m fL Su myv NTU
(Y] 4. | C vy L9 ¥ “Ive
I3 c O x¥3 (. ¢ 18
13 0. ¥ 0 ¥ -6 €,
i €. ¢ 5 © 2w 3] -14] (7
132 ¢ %Ly ) ¥, 7 3¥. 5
3 . © 5 O y 14 Yo
134 7L ¢ I ro ¥ gy - 99 32.¢
6 5 C 1ys O ? ¥¢ -le LI
LX® Vs o W 0.0 ¥ ¥y -) L7, 6
Y ~5 4 o O Ly C-0u 7% o Vel A7 5
135¢ Ly 0S¢0 g q e -2
Sam le information: method container number, size and reservative used.
Anal sis Preservative Container re uirements
[~} S 4 [T Hee ) ot
Observations/Notes Air Monitoring:
VOC (ppm)=
Pump Start Time: H2S (ppm)
Initial Fill Time(FT; sec): Final Fill Time; LEL (%)=
Initial Discharge Time(DT; sec): Final Discharge Time: CO (ppm)=
02 (%)=

Purge Rate: ~ | 30

FRG, wiiv FBot-vivag

Pump Depth:
LY

S lefTime: Y 0Y
b sD

nb/min w1322
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GROUNDWATER SAMPLING DATA SHEET

Cli nt:  NAVFAC Project Number: 695610.04.FI.FS Page: | of >
tion: OLF Coupeville Well ID: WI-CV-MW ] o/
ent:  Winter 2017 Groundwater Sampling Sample ID: WI-CV-G W/ 5 1-)217
Date: |/ 30/ 2C17 Sampling Team: M Ends . & s, ine, D Pulie,
Weather: Va9 Clouelys [oie e
Total Depth: ~174 FT.(BTOC) Measuring Device: _Suicaiet w-z *10t (03,429)
Depth to water: () i3y 47 FT.(BTOC) Mgty
Water Column: __S4.o3 FT.
g [ 3> GALFT. Well Dia. Volume
Well Volume: 3 GAL. {inches) | (gallonsifoot)
Total Purge Vol.: 5250 -GAL: "L 1 0.041
1.25 0.064
Purge Device: Grerech PR Fres Buindér gump 2 0.163
Geomien Curng . P (€ 10308E) 4 0.653
PARAMETER STABILIZATION CRITERIA
Temp. Cond. DO pH ORP Turbidity DTW
Parameter °C mSfcm m L SuU my NTU ftBTOC
. +0.01 (if <1} £0.05 (if <1) +10%
Criteria +0.1 0,02 f>1 02 if >1 0.1 +10 < 10NTU +0.3 (low flow)
FIELD PARAMETERS
) Purge Vol. Temp. Cond. Do pH ORP Turbidity DTW
Time ' °c mSfem m i U Y NTU #BTOC Color / Odor / Comments
R e [aekigl s L O.qoYy & ( 9¥ A37 5 g 12, Clees mp oder
Lol 175 $ 42 oyl3 598 7 3% L2 . 2E 0 " 71
too 15c 0 Noe RS BN A 2. & F.OL - 27 5 128 ou v ’
lely 1Yy w57 5 ) o 3> o0 g ~lec e 3 25 7 h
c19 I oo .5 - 0. 54 G g- 394 ~12 1€
0> 2375 4. ¢z © ysH 0 Qv to 79 b9
01y 2¥se G 453 0 oo ¥ s i8. ¢
033 3325 . gysa ¢ ¥ 5 -~2v0 F.e
o ¢ % 0o .63 ¢ o5 o ¢ %46 220 17
oy L s oYt p Y Y 23 o |
lou® Y750 LS 0.uYy 0o Iiys  "A3s Iy 4
Sam le information: method, container number size, and . Teservative used.
Anal sis Preservative Container re virements
PEAS n 2 S 125 wmik  4ly
Observations/Noles: Air Monitoring:
VOC (ppm)= ©
Pump Start Time: 99:4% H2S (ppm) ©
Initial Fill Time(FT; sec): |7 Final Fill Time: ;& /7 LEL(%F O
Initial Discharge Time(DT; sec): L 4~ Final Discharge Time: .5 CO(ppm)}= o
M0 o 5 02(%)= 2o
Pump LP{— & lee Purge Rate: 4 5 mL % L
—
N

Pump Depth: | b0 |+,

2 le/Time: kOS ¢ [ddfnj Fta Qva d‘ lek WI(V-FREI~ 123017 @ 1440
s —

1



ch2m:

GROUNDWATER SAMPLING DATA SHEET

Client:  NAVFAC Project Number: 695610.04.FLFS Page: 2. of 3
tion: OLF Coupeville Well ID: WI-CV-MW ) § M
nt:  Winter 2017 Groundwater Sampling Sample ID: WI-CV- Gw)sm-1217
Date: V%/30/ 20117 Sampling Team:
Weather: _{iouds, Yo Yo
Total Depth: FT.(BTOC) Measuring Device:
Depth to water: (-} FT.(BTOC)
Water Column: FT. _
(x) GAL/FT, Well Dia. Volume
Well Volume: GAL. {inches) | (gallonsifoot)
Total Purge Vol.: GAL. 1 0.041
1.25 0.064
Purge Device: 2 0.163
4 0.653

PARAMETER STABILIZATION CRITERIA

FIELD PARAMETERS
Sam le information: method container number size and reservative used.
Observations/Notes Air Monitoring;
VOC (ppm)=
Pump Start Time: H2S (ppm)
Initial Fill Time{FT; sec): Fina! Fill Time: LEL {%)=
Initial Discharge Time(DT; sec): Final Discharge Time: CO (ppm)=
02 (%)=
Purge Rate:

Pump Depth:

S le fTime:



2m:

Client:  NAVFAC

GROUNDWATER SAMPLING DATA SHEET
Project Number: 635610.04.FI.FS

Page: |

of

ition: OLF Coupeville Well ID: WI CV MW/}s 5

nt:  Winter 2017 Groundwater Sampling Sample ID: WI-CV-(-w/i5 §
Date: 12/30/2017 Sampling Team: D B3y Her, ¢ Gerclne o
Weather: ¢ oy )uw Y 08
Total Depth: 147 FT.{BTOC) Measuring Device: Soiinst WL} & )of
Depth to water; () 12-4-4g FT(BTOC) Mull, pac
Water Column: 2.5 | FT. . “
® 6 s  GALFT. Well Dia. | Volume torila ©-53
Well Volume: .67 GAL. (inches) | (gallons/foot) | Pone & 10672
Total Purge Vol.: 16 GAL. 1 0.041
1.26 0.064
PurgeDevice: (. Tucpn PiS¢-Free Pradee, 2 0.163
GeoTecn Contry Pro (C-lo272)) 4 0.653
PARAMETER STABILIZATION CRITERIA
Temp Cond. DO pH ORP Turbidity
Parameter °C mSfcm m /L SuU mv NTU
- 001 (if <1) +0.05 (if <1) +10%
Criteria +01 002 if>1 40.2 if>1 +0.1 +10 <10NTU
FIELD PARAMETERS
Time Purgf Vol. Temp. Cond. DO pH ORP Turbidity
N mS/cm m L su my NTU
. C &, o. 0 6.2" A 4.
V-G Wore i 0.4 o Lo y
2 6o 0.4 0. ~
e 2 0 1€ 0. . i 3
1z 00 2 OUp -~ ¢ 2= B e 3 2
1> 4o 10 .1 0. \ 4 6
i o 4 X 00 3 1
iz s ou & OQup. A 3 € u.
=50 Gyer . 0 0.409 0 0 .39 ) 9.9
15¢ 2 .45 QUHes o Ay 3
30| P00 v lo-o  O.Wwod © 25 gy uq 30.7
Sam le information: method container number size, and reservative used.
Anal sis Preservalive Container re uirements
et ’ od H R L om0
bservations/Notes: i« Bgsue‘; wi Hertla whig eayec  ghape peva  ¢ér  Air Monitoring:
rcora, VOC (ppm)= ¢
ump Start Time; |1 >0 g H2S (ppm}-= ©
Initial Fill Time(FT; sec): e, Final Fill Time: | S LEL %)= <
Initial Discharge Time(DT; sec): ;';—1/:*' 50 l30 Final Discharge Time: 30 CO (ppm)=
i B 02{%)F 1o
Pur-.P 2 | Vime: |3 Ll"l Purge Rate: (2 121 - G ML{“‘;“
I2Hz 1 eOmblfm
Pump Depth: } 327 ' L+oc @ 0= [min
Sa lefTime: \%"! )
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chawm-

GROUNDWATER SAMPLSNG DATA SHEET

Client:  NAVFAC Project Number: 635610.04.FI.FS Page: 2. of
tion: OLF Coupeville Well ID; W -CV-MW =9
nt:  Winter 2017 Groundwater Sampling _ Sample ID: WI-CV- Giv )57 12.17
Date: 2/ 3/ 20:i7 Sampling Team:
Weather: fa, n, h bos
Total Depth: FT.(BTOC) Measuring Device:
Depth to water: () FT.(BTOC)
Water Column; FT.
{x) GALIFT. Well Dia. Volume

Well Volume: GAL. {inches) | (gallons/foot)
Total Purge Vol.: GAL. 1 0.041

1.25 0.064
Purge Device: 2 0.163

4 0.653

PARAMETER STABILIZATION CRITERIA

FIELD PARAMETERS
Sam le information: method container number size, and reservative used.
Observations/Notes Air Monitoring:
VOC (ppm)=
Pump Start Time: H2S (ppm)
Initial Fill Time(FT; sec): Final Fill Time: LEL (%)=
Initial Discharge Time{DT; sec): Final Discharge Time: CO (ppm)=
02 (%)=
Purge Rate:

Pump Depth:

S lefTime: 15U
sD -



chz2m:

GROUNDWATER SAMPLING DATA SHEET

€ nt:  NAVFAC Project Number: 695610 04.F1.FS
lon: OLF Coupeville Well ID; WI-CV-MW
t:  Winler 2017 Groundwater Sampling Sample [D: WhCr=-Guyles 1217
Date: Nrg/ 207 Sampling Team: M Endy, G Geedner, M Lop-2  § Hauser
Weather: iN, UPPir 06CF, SE winds b-ilmph i -
Total Depth: K FT.(BTOC) Measuring Device: },; Aba LI-53 1) ey
Depth to water: . G Y FT{BTOC) Date and Time: §2 /29 /1017
Water Column: AL B FT. S
®) O-lz?  GALFT. [WellDi | Volume coiNdT bitx 18!
Well Volume: 5.4 GAL, {inches) | (gallonsifoot)
Total Purge Vol.: e GAL, 1 0.041
- 1.25 0.064
Purge Device: Geg Veh PFC- Frae B’adda Pamf? 2 0.163
4 0.653
~SAMBLE-BATA~ V1 2a '
FLoy FIELD PARAMETERS
11
Sam le information: method container number size, and ervative used
M 8D
ure s :
) 10%
Fil’]d’ DTU’: 1Y 00 brec FO"‘/ o ar o - 'f‘frn'\L/m;n

ad N3 2 o mL/min

b\ﬂ, clf..P dL(L +0 KﬂJS‘lon{, !-l-f]' w:.u Ladmg en



GROUNDWATER SAMPLING DATA SHEET

Clent:  NAVFAC Project Number; 695610.04.FI.FS
ion: OLF Coupeville Well ID: WI-CV-MW16
Winter 2017 Groundwater Sampling _ Sample ID: WI-CV- Gu1br - 1217, Wi-cV -G Wibrt-iziy_~S, w S ol pre it
Date: WETE Sampling Team: _m. Evx, 6. Gasdnde , M. 2 v 14w D . BoqnC R 2
Weather: __ ouoy, e, oP%n 30 S& wim & b-i20wn M
Total Depth: A19.92  FT4BTOC) Measuring Device: ‘&,lmﬁ Wid  Rear ALL&EM (%
Depth to water: () 12289 FT.(BTOC) Date and Time:  12/25/ 7
Water Column: ___S783 FT. Homga U S2
gx[ ©.163  GALFT. Well Dia. Volume
Well Volume: q9.29¢  GAL. {inches) | (gallons/foot) |
Total Purge Vol.; 2.5 GAL. 1 0.041
1.25 0.064
Purge Device: Cmeopfo’:q qudde - ?vm.p CPFc Fage) 2 0.163
(166" x18%) 4 0.653 7
{
SAMPLE DAT
My FIELD PARAMETERS’
Sam e information: method container number size, and reservative used,
MS SD
res:
, F= s roos ms 1m
e v e
Lo, i
3 Zimyy

+ ol

toolﬂﬁ 4‘”5

“"""'"’ 2wt \ Ry vam/ e W0VTU
£ oy ( Lor@
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GROUNDWATER SAMPLING DATA SHEET
Cent: NAVFAC Project Number: 695610.04.FI.FS
‘on: OLF Coupeville Well ID: WI-CV-MW - 7§, M1
- Winter 2017 Groundwater Sampling Sample ID: WI-CV-MW (oM
Date: Izfe [ 2o Sampling Team: m £ Wa O, G LAensEl M Oz, D ATTLES
Weather: Clivdy , RAIY 4T IMES '
Total Depth: FT.(BTOG) Measuring Device:
Depth to water: g ) FT (BTOC) Date and Time:
Water Column: L
g ) GAIJFT Well Dia. Volume
Well Volume: GAL. {inches) | (gallons/foot)
Total Purge Vol.: R 5 GAL. 1 0.041 Se
1.25 0.064 P, < &4
Purge Device: P> 1AM i 2 0.163 "&’Q
4 0.653
SAMPLE DATA
J ~ 0.0 -0< LD PARAMETERS
Sam le information: method container number, size, and ervative used,
M 8D

res:
.‘a‘w\,u X S m My
Fiwan dTW IR D WATRR Daserdy Ml te  Pumpag AT WEYSTONE WEL,
TND oF AL @ 1YY ORRATIOA

me_ FT= 12s8¢ y FieaL Bv= ¢ see



Appendix H
Sampling Results Raw Data Tables



Sample ID USEPA Lifetime Health || USEPA Tapwater RSL HQ = 1.0 || WI-CV-1RW23-1217
Sample Date Advisory (May 2016) (November 2017) 12/30/17
Chemical Name

Semivolatile Organic Compounds (NG/L)

N-Ethylperfluoro-1-octanesulfonamidoacetic acid (EtFOSAA) - - 4.7 U
N-Methylperfluoro-1-octanesulfonamidoacetic acid (MeFOSAA) - - 4.7 U
Perfluorobutanesulfonic acid (PFBS) -- 400,000 12.5
Perfluoroheptanoic acid (PFHpA) -- - 85J
Perfluorohexanesulfonic acid (PFHxS) -- - 59.2 J
Perfluorononanoic acid (PFNA) -- -- 4.7 U
Perfluorooctane Sulfonate (PFOS) 70 - 4.7 U
Perfluorooctanoic acid (PFOA) 70 - 541 J
Perfluorodecanoic Acid (PFDA) -- - 47 U
Perfluorododecanoic Acid (PFDoA) -- - 47 U
Perfluorohexanoic Acid (PFHxA) -- -- 27
Perfluorotridecanoic Acid (PFTeDA) -- -- 4.7 UJ
Perfluorotridecanoic Acid (PFTrDA) -- -- 4.7 U
Perfluoroundecanoic Acid (PFUNnA) -- - 47 U
PFOA+PFOS 70 -- 54
hitps://delivery.ch2m.com/projects/695610/Field Work/OLF Coupeville/Aquiter TestRepor/Appendices/|Coupeville_PFAS_validated_RDE_table_Rev1.xIsx], Tiffany Hill, 03/12/2018

Notes:
J - Analyte present. Value may or may not be accurate or precise
NGI/L - Nanograms per liter
NS - Not sampled
U - The material was analyzed for, but not detected
UJ - Analyte not detected, quantitation limit may be inaccurate
Shading indicates detection
Bolded indicates USEPA LHA exceedance
Underlined indicates USEPA Tapwater RSL HQ = 1.0 exceedance

Page 1 of 5



Sample ID

WI-CV-1RW23P-1217

WI-CV-GW02S-0118

WI-CV-GW04M-0118

WI-CV-GW04MP-0118

Sample Date 12/30/17 1/3/18 1/2/18 1/2/18
Chemical Name

Semivolatile Organic Compounds (NG/L)

N-Ethylperfluoro-1-octanesulfonamidoacetic acid (EtFOSAA) 468 U 5.48 U 5.34 U 53U
N-Methylperfluoro-1-octanesulfonamidoacetic acid (MeFOSAA) 468 U 5.48 U 5.34 U 53U
Perfluorobutanesulfonic acid (PFBS) 12.9 390 534 U 53U
Perfluoroheptanoic acid (PFHpA) 8.5J 234 534 U 53U
Perfluorohexanesulfonic acid (PFHxS) 65.3 7,700 534 U 53U
Perfluorononanoic acid (PFNA) 468 U 548 U 534 U 53U
Perfluorooctane Sulfonate (PFOS) 468 U 87.8 1.25 J 53U
Perfluorooctanoic acid (PFOA) 53.2 1,010 534 U 53U
Perfluorodecanoic Acid (PFDA) 4.68 UJ 5.48 UJ 534 U 53U
Perfluorododecanoic Acid (PFDoA) 468 U 548 U 534 U 53U
Perfluorohexanoic Acid (PFHxA) 28.5 1,010 534 U 53U
Perfluorotridecanoic Acid (PFTeDA) 468 U 548 U 534 U 53U
Perfluorotridecanoic Acid (PFTrDA) 468 U 548 U 534 U 53U
Perfluoroundecanoic Acid (PFUnA) 468 U 548 U 534 U 53U
PFOA+PFOS 53 1,098 1.25 ND |

hitps://delivery.ch2m.com/projects/695610/Field Work/OLF Coupeville/Aquiter TesvReporv/Appendices/[Coup

Notes:
J - Analyte present. Value may or may not be accurate or precise
NG/L - Nanograms per liter
NS - Not sampled
U - The material was analyzed for, but not detected
UJ - Analyte not detected, quantitation limit may be inaccurate
Shading indicates detection
Bolded indicates USEPA LHA exceedance
Underlined indicates USEPA Tapwater RSL HQ = 1.0 exceedance

Page 2 of 5



Sample ID

WI-CV-GW04S-0118

WI-CV-GW05M-0118

WI-CV-GW07M-0118

WI-CV-GW07S-0118

Sample Date 1/4/18 1/5/18 1/4/18 1/4/18
Chemical Name

Semivolatile Organic Compounds (NG/L)

N-Ethylperfluoro-1-octanesulfonamidoacetic acid (EtFOSAA) 53U 5.34 U 5.34 U 517 U
N-Methylperfluoro-1-octanesulfonamidoacetic acid (MeFOSAA) 53U 5.34 U 5.34 U 517 U
Perfluorobutanesulfonic acid (PFBS) 53U 533 534 U 517 U
Perfluoroheptanoic acid (PFHpA) 53U 263 5.34 U 517 U
Perfluorohexanesulfonic acid (PFHxS) 53U 1,070 5.34 U 517 U
Perfluorononanoic acid (PFNA) 53U 5.34 U 5.34 U 517 U
Perfluorooctane Sulfonate (PFOS) 53U 2.84 J 5.34 U 517 U
Perfluorooctanoic acid (PFOA) 53U 1,220 5.34 U 517 U
Perfluorodecanoic Acid (PFDA) 5.3 UJ 5.34 UJ 5.34 UJ 5.17 UJ
Perfluorododecanoic Acid (PFDoA) 53U 5.34 U 5.34 U 517 U
Perfluorohexanoic Acid (PFHxA) 53U 1,240 5.34 U 517 U
Perfluorotridecanoic Acid (PFTeDA) 53U 5.34 U 5.34 U 517 U
Perfluorotridecanoic Acid (PFTrDA) 53U 5.34 U 5.34 U 517 U
Perfluoroundecanoic Acid (PFUnA) 53U 5.34 U 5.34 U 517 U
PFOA+PFOS ND 1,223 ND ND |

hitps://delivery.ch2m.com/projects/695610/F ield Work/OLF Coupeville/Aquiter TesvRepor/Appendices/[Coup

Notes:
J - Analyte present. Value may or may not be accurate or precise
NG/L - Nanograms per liter
NS - Not sampled
U - The material was analyzed for, but not detected
UJ - Analyte not detected, quantitation limit may be inaccurate
Shading indicates detection
Bolded indicates USEPA LHA exceedance
Underlined indicates USEPA Tapwater RSL HQ = 1.0 exceedance

Page 3 of 5



Sample ID

WI-CV-GW14M-0118

WI-CV-GW15M-1217

WI-CV-GW15S-1217

WI-CV-GW16M-1217

Sample Date 1/5/18 12/30/17 12/30/17 12/29/17
Chemical Name

Semivolatile Organic Compounds (NG/L)

N-Ethylperfluoro-1-octanesulfonamidoacetic acid (EtFOSAA) 5.43 U 525U 521U 517 U
N-Methylperfluoro-1-octanesulfonamidoacetic acid (MeFOSAA) 5.43 U 525U 521U 517 U
Perfluorobutanesulfonic acid (PFBS) 10 525U 15.8 34.8
Perfluoroheptanoic acid (PFHpA) 3.19J 525U 3.32 J 30.9
Perfluorohexanesulfonic acid (PFHxS) 11.1 525U 363 149 J
Perfluorononanoic acid (PFNA) 543 U 525U 521U 517 U
Perfluorooctane Sulfonate (PFOS) 1.24 J 5.25 U 521U 2.63 J
Perfluorooctanoic acid (PFOA) 8.86 525U 253 373
Perfluorodecanoic Acid (PFDA) 5.43 UJ 525U 521U 517 U
Perfluorododecanoic Acid (PFDoA) 543 U 525U 521U 517 U
Perfluorohexanoic Acid (PFHxA) 18.9 525U 52.9 104 J
Perfluorotridecanoic Acid (PFTeDA) 543 U 525U 521U 517 U
Perfluorotridecanoic Acid (PFTrDA) 543 U 525U 521U 517 U
Perfluoroundecanoic Acid (PFUNnA) 543 U 525U 521U 517 U
PFOA+PFOS 10.1 ND 253 376

hitps//delivery.ch2m.com/projects/695610/Field Work/OLF Coupeville/Aquiter Test/Report/Appendices/[Coup

Notes:
J - Analyte present. Value may or may not be accurate or precise
NG/L - Nanograms per liter
NS - Not sampled
U - The material was analyzed for, but not detected
UJ - Analyte not detected, quantitation limit may be inaccurate
Shading indicates detection
Bolded indicates USEPA LHA exceedance
Underlined indicates USEPA Tapwater RSL HQ = 1.0 exceedance

Page 4 of 5



Sample ID

WI-CV-GW16S-1217

WI-CV-GW16SP-1217

Sample Date 12/29/17 12/29/17
Chemical Name

Semivolatile Organic Compounds (NG/L)

N-Ethylperfluoro-1-octanesulfonamidoacetic acid (EtFOSAA) 53U 525U
N-Methylperfluoro-1-octanesulfonamidoacetic acid (MeFOSAA) 53U 5.25 U
Perfluorobutanesulfonic acid (PFBS) 36.6 36.1
Perfluoroheptanoic acid (PFHpA) 34.8 28.5
Perfluorohexanesulfonic acid (PFHxS) 216 174
Perfluorononanoic acid (PFNA) 53U 525U
Perfluorooctane Sulfonate (PFOS) 3.47 J 2.76 J
Perfluorooctanoic acid (PFOA) 277 297
Perfluorodecanoic Acid (PFDA) 53U 525U
Perfluorododecanoic Acid (PFDoA) 53U 525U
Perfluorohexanoic Acid (PFHxA) 106 108
Perfluorotridecanoic Acid (PFTeDA) 53U 525U
Perfluorotridecanoic Acid (PFTrDA) 53U 525U
Perfluoroundecanoic Acid (PFUNnA) 53U 525U
PFOA+PFOS 280 300

hitps//delivery.ch2m.com/projects/695610/Field Work/OLF Coupeville/Aquiter Test/Report/Appendices/[Coup

Notes:
J - Analyte present. Value may or may not be accurate or precise
NG/L - Nanograms per liter
NS - Not sampled
U - The material was analyzed for, but not detected
UJ - Analyte not detected, quantitation limit may be inaccurate
Shading indicates detection
Bolded indicates USEPA LHA exceedance
Underlined indicates USEPA Tapwater RSL HQ = 1.0 exceedance

Page 5 of 5



Appendix |
Data Validation Report



Data Validation Report will be provided upon request.
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