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1.0 INTRODUCTION

The Delaware Department of Natural Resources and Environmental Control (DNREC), Division
of Water (DOW) Project Design and Sampling Plan for PFAS in Wastewater was prepared in April
2023 (DNREC, 2023), field sampling was completed in April 2024, and a data summary report is
currently in preparation. Discharges from wastewater treatment facilities can be categorized in
two ways, either by the receiving media or the source of the wastewater. Receiving media can be
surface water bodies (rivers, bay, or ocean) and are classified as “Surface Water Discharges”, or
wastewater applications to the land surface and subsurface which ultimately reaches the
groundwater or “Groundwater Discharges”. Fourteen wastewater treatment and disposal facilities
were selected in the PFAS in Wastewater study, among which, seven were surface water
discharges and the other seven, groundwater discharges.

Laboratory analytical results of samples collected during the above stated wastewater study from
groundwater discharge facilities showed that PFAS compounds were not only present in
wastewater influent-effluent, but also in soils where treated wastewater was discharged-sprayed
onto, and in groundwater from monitoring wells installed at the groundwater discharge facilities.
This document outlines the next phase PFAS study by addressing the potential presence of PFAS
in drinking water from domestic wells located downgradient of the groundwater discharge
facilities and installed in the unconfined aquifer (hereafter, the “domestic well study”). The seven
groundwater discharge facilities selected for PFAS in Wastewater study are shown in Table 1.

Facility Name Wastewater Source | Discharge Rate*
Town of Middletown (Spray-RIB**) Municipal 2.86 MGD
Sussex Regional Recharge Facility (Spray) Industrial 1.04 MGD
Stonewater Creek (RIB) Residential 0.34 MGD
Beaver Creek (RIB) Residential 0.14 MGD
Angola Beach & Estates (Spray) Residential 0.09 MGD
Baywood Country Club (Spray; Golf Course) Residential 0.05 MGD
James Thompson (Spray) Industrial 0.03 MGD

* Actual discharges in 2021-2022; MGD = million gallons per day: ** RIB = Rapid Infiltration Basin
Table 1. Groundwater discharge facilities selected for PFAS in wastewater study

Among the seven groundwater discharge facilities, James Thompson was selected as a pilot study
and additional sampling of groundwater monitoring wells, nearby surface water and downgradient
domestic wells was conducted in 2024. A data summary report on the James Thompson pilot
study has been published in August 2024 (DNREC, 2024). Domestic drinking water for the
communities downgradient of the Stonewater Creek facility are provided by a public central water
supplier. This domestic well study will, therefore, focus on the other five facilities: Town of
Middletown (Spray-RIB), Sussex Regional Recharge Facility (Spray; aka SRRF), Beaver Creek
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(RIB), Angola Beach & Estates (Spray), and Baywood Country Club (Spray). Figure 1 shows the
regional location of the five facilities.

Figure 1. Facility Location Map of the Domestic Well Study

In April 2024, the US Environmental Protection Agency (EPA) finalized a National Primary
Drinking Water Regulation (NPDWR) establishing legally enforceable levels, called Maximum
Contamination Levels (MCLs), for six PFAS compounds in public drinking water systems
(Table 2).
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Compound Final MCLG Final MCL (enforceable levels)
4.0 parts per trillion (ppt) (also expressed
— ero parts p (ppt) ( p
asng/L)
PFOS Zero 4.0 ppt
PFHxS 10 ppt 10 ppt
PFNA 10 ppt 10 ppt
HFPO-DA (commonly known as GenX Chemicals) 10 ppt 10 ppt
1 (unitless) o
1 (unitless)
Mixtures containing two or more of PFHxS, PFNA, HFPO-
Hazard
DA, and PFBS Hazard Index
Index

Table 2. EPA PFAS MCLs for Drinking Water (US EPA, 2024; MCLG = maximum contamination level goal)

These MCLs were used to evaluate the levels of PFAS in groundwater sampled from onsite
monitoring wells as well as potential existence of PFAS in downgradient domestic wells. In
addition, discharge amount and facility operation history were also considered. As specified in
the Project Design and Sampling Plan (DNREC, 2023), 4 groundwater samples were collected
(quarterly for a year) from each selected onsite monitoring well to detect possible seasonal change
and to raise statistic confidence level.

Hydrogeological reports prepared by the operators as well as by DNREC staff were reviewed to
determine groundwater flow direction in the disposal areas. Geographic Information System (GIS)
was used to identify and map-out downgradient domestic wells with 0.5 mile from the facility
boundary. Three zones were further delineated to prioritize sequence of sampling: 0-500 ft from
the disposal area boundary (Zone 1), 500-1,000 ft (Zone 2), and 1,000 ft — 0.5 mile (Zone 3). Wells
within Zone 1 will be sampled first. If higher than MCL PFAS was detected in the samples from
Zone 1, sampling of wells inside Zone 2 will be conducted. In case there is no domestic well
identified inside Zone 1 (such as at Beaver Creek), domestic wells within Zone 2 will be sampled.
While at Angola Beach, there is no domestic well within Zone 1 or Zone 2, Wells in Zone 3 will
be sampled. Only those domestic wells that are screened in the top unconfined aquifer (shallow
wells) will be sampled. DNREC may choose to sample confined aquifer wells within the zone to
assist with understanding of localized hydrology.

All downgradient shallow domestic wells identified near 4 out of the 5 facilities will be sampled.
At SRRF, however, over 20 downgradient shallow domestic wells were identified within Zone 1.
A random geoprocessing tool from the Geostatistical Analyst Toolbox was used to randomly select
11 wells (out of the > 20 wells) for this study.
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2.0 TOWN OF MIDDLETOWN WASTEWATER TREATMENT FACILITY

2.1 Background Information

The Town of Middletown Wastewater Treatment and Disposal Facility currently treats and
disposes over 2.8 million gallons of wastewater a day (MGD). Disposal is through 3 farms (near
300 acres in total) and 18 rapid infiltration basins (RIBs). The facility has been operating since
the early 2000s. The Project Design and Sampling Plan (DNREC, 2023) contains detailed
descriptions of facility operations, site layout, as well as sampling media and locations of the PFAS
in Wastewater study.

In general, groundwater flows from west to east in the disposal area. Six groundwater monitoring
wells were selected for the PFAS in Wastewater Study, 3 in spray fields and 3 in RIBs. While
most of the samples showed below EPA MCLs for 5 out of 6 regulated PFAS, 20 out of 24 samples
contained higher PFOA than the MCL of 4 ng/L, especially those samples from downgradient
monitoring wells. Sampling of downgradient domestic shallow wells has, therefore, been
prioritized.

2.2 Downgradient Domestic Well Sampling

A total of 12 domestic shallow wells in Zone 1 were identified downgradient of the Middletown
wastewater disposal area and will be sampled for this study. Table 3. provides basic information
about these wells and Figure 2 shows the location of the wells relative to the facility.

Local ID Total Depth (ft) Date Installed Well Location
MT-DWO01 163 11/4/1998 TOWNSEND, DE
MT-DWO02 32 11/20/1994 TOWNSEND, DE
MT-DWO03 160 7/11/1995 TOWNSEND, DE
MT-DWO04 98 10/7/2001 TOWNSEND, DE
MT-DWO05 160 7/13/1996 TOWNSEND, DE
MT-DWO06 155 7/1/1996 TOWNSEND, DE
MT-DWO07 163 8/7/1997 TOWNSEND, DE
MT-DWO08 163 10/30/1997 TOWNSEND, DE
MT-DWO09 170 4/30/2003 TOWNSEND, DE
MT-DW10 60 9/20/2002 TOWNSEND, DE
MT-DW11 155 8/5/1997 TOWNSEND, DE
MT-DW12 140 7/9/1998 TOWNSEND, DE

Table 3. Selected Domestic Shallow Wells to be Sampled from Middletown




MMMMMMM




DELAWARE DEPARTMENT OF
NATURAL RESOURCES AND
ENVIRONMENTAL CONTROL

—

3.0 SUSSEX REGIONAL RECHARGE FACILITY

3.1 Background Information

Construction of the Sussex Reginal Recharge Facility (SRRF) was completed in early 2021 and
operations started July 2021. The facility is operated by Artesian Wastewater Management, Inc.
Treated wastewater was sprayed in the central (Field F) and southern (Field G) portions of the
permitted area at an average rate of 1.04 million GPD in 2022 (DNREC, 2023).

Groundwater flows from west towards east (east-northeast in the north and east-southeast in the
south). Although spraying only started several years ago, PFAS were detected in the groundwater
samples from onsite monitoring wells, and one out of the 3 wells selected showed PFOS, Hazard
Index (HI) and PFNA above the EPA MCLs for drinking water. Sampling of downgradient
domestic shallow wells has, therefore, been prioritized.

3.2 Downgradient Domestic Well Sampling

A total of 11 domestic shallow wells in Zone 1 were identified downgradient of the SRRF disposal
area. Table 4 provides basic information about these wells and Figure 3 shows the location of the
wells relative to the facility.

Local ID Total Depth (ft) Date Installed Well Location
SR-DWO01 74 9/6/1994 MILTON, DE
SR-DW02 50 7/7/1992 MILTON, DE
SR-DW03 90 10/24/2006 MILTON, DE
SR-DWO04 64 12/17/1976 MILTON, DE
SR-DW05 50 8/30/2000 MILTON, DE
SR-DWO06 75 3/25/2003 MILTON, DE
SR-DWQ7 121 10/19/1987 MILTON, DE
SR-DWO08 50 11/18/1999 MILTON, DE
SR-DWQ09 80 7/30/1992 MILTON, DE
SR-DW10 65 7/27/1981 MILTON, DE
SR-DW11 72 1/26/2016 MILTON, DE

Table 4. Selected Domestic Shallow Wells to be Sampled from SRRF

There is a residence located next to the northeast corner of the centered spray field shown in
Figure 3. However, there is no permitting record in DNREC’s database by address or parcel
number. Effort will be made to sample the well at that residence.
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4.0 BEAVER CREEK REGIONAL WASTEWATER TREATMENT FACILITY

4.1 Background Information

The Beaver Creek Regional Wastewater Treatment and Disposal Facility started operation in 2007
and currently treats and discharges over 140,000 GPD of wastewater (as of 2022). The influent is
treated by a Sequencing Batch Reactor (SBR) system and disposed of into six (6) Rapid Infiltration
Basins (RIBs).

Groundwater flows from west to east in the disposal area. Groundwater samples from 2 out of 3
onsite monitoring wells showed PFOA at or above the EPA drinking water MCL, while other
regulated PFAS parameters were below the MCL or undetected. Sampling of downgradient
domestic shallow wells has, therefore, been prioritized.

4.2 Downgradient Domestic Well Sampling

There are no shallow domestic well within the 0-500 ft zone (Zone 1) and 4 were identified in
Zone 2. These 4 shallow domestic wells will be sampled. There are 2 downgradient shallow
public wells that supply drinking water to the Beaver Creek community, which will also be
sampled for PFAS. Table 5 provides basic information about these wells and Figure 4 shows the
location of the wells relative to the facility.

Local ID Total Depth (ft) Date Installed Well Location
BC-DWO01 51 9/10/2002 HARBESON, DE
BC-DWO02 60 9/4/2003 HARBESON, DE
BC-DWO03 80 12/17/2018 HARBESON, DE
BC-DWO04 51 4/29/2002 HARBESON, DE
BC-PWO01* 102 12/15/2006 HARBESON, DE
BC-PW02* 109 9/12/2007 HARBESON, DE

* Public Well not yet sampled by DNREC
Table 5. Selected Public and Domestic Shallow Wells to be Sampled from Beaver Creek

10
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5.0 BAYWOOD COUNTRY CLUB WASTEWATER TREATMENT FACILITY

5.1 Background Information

The Baywood Country Club Wastewater Treatment and Disposal Facility started operation in 2009
and treats and discharges over 49,000 GPD of wastewater (as of 2022). Residential wastewater
from the Baywood communities is collected, treated, and spray irrigated to a portion of a 54-acre
golf course consisting of the driving range; holes 10, 13, 14, 15, 16, 17, 18; and area surrounding
the wastewater lagoons.

In general, groundwater flows from west towards east in the disposal area (towards east-northeast
in the northern portion and east-southeast in the southern portion). Groundwater samples from 2
out of 3 onsite monitoring wells showed PFOA and PFOS at levels above the EPA drinking water
MCLs, while other regulated PFAS parameters were below the MCL or undetected. Sampling of
downgradient domestic shallow wells has, therefore, been prioritized.

5.2 Downgradient Domestic Well Sampling

There are no shallow domestic well within Zone 1, and 10 were identified in Zone 2. These 10
shallow domestic wells will be sampled. Table 6 provides basic information about these wells and
Figure 5 shows the location of the wells relative to the facility.

Local ID Total Depth (ft) Date Installed Well Location
BW-DWO01 115 3/12/1992 MILLSBORO, DE
BW-DW02 70 9/23/2003 MILLSBORO, DE
BW-DWO03 90 3/30/2012 MILLSBORO, DE
BW-DWO04 65 8/20/1990 MILLSBORO, DE
BW-DWO05 50 6/17/2024 MILLSBORO, DE
BW-DWO06 55 6/26/2006 MILLSBORO, DE
BW-DWO07 75 12/21/2020 MILLSBORO, DE
BW-DWO08 70 12/15/2004 MILLSBORO, DE
BW-DW-09 70 3/8/2005 MILLSBORO, DE
BW-DW10 50 6/17/2024 MILLSBORO, DE

Table 6. Selected Shallow Domestic Wells to be Sampled from Baywood

12
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6.0 ANGOLA BEACH AND ESTATES WASTEWATER TREATMENT FACILITY

6.1 Background Information

The Angola Beach & Estates Wastewater Treatment and Disposal Facility started operation in
1986 and treats and discharges over 90,000 GPD of wastewater (as of 2022). The chlorinated
effluent is spray irrigated on 14.17 acres utilizing 82 sprinkler heads, consisting of 11 zones planted
in reed canary grass with forested perimeters and spray areas (Zones 1-5: Grasses; Zones 6-11
Woods).

Groundwater flows from northwest towards east-southeast in the disposal area. Groundwater
samples from 2 out of 3 onsite monitoring wells showed PFOA at levels above the EPA drinking
water MCL, while other regulated PFAS parameters were below the MCL or undetected.
Sampling of downgradient domestic shallow wells has, therefore, been prioritized.

6.2 Downgradient Domestic Well Sampling

There are no shallow domestic well within Zone 1 and Zone 2, and five downgradient shallow
wells were identified in Zone 3. A public well (DNREC ID 59538) located in Zone 3 was sampled
previously and PFOA was found to be 8.54 ng/L, above the EPA MCL for drinking water of 4
ng/L. The five shallow domestic wells in Zone 3 will be sampled for this study. Table 7 provides
basic information about these wells and Figure 6 shows the location of the wells relative to the
facility.

Local ID Total Depth (ft) Date Installed Well Location
AB-DWO01 60 4/22/2014 LEWES, DE
AB-DWO02 120 1/7/2008 LEWES, DE
AB-DWO03 65 7/29/2014 LEWES, DE
AB-DWO04 108 12/14/1998 LEWES, DE
AB-DWO05 70 4/21/1998 LEWES, DE

Table 7. Selected Shallow Domestic Wells to be Sampled from Angola Beach

14
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7.0 SAMPLE IDENTIFICATION AND SAMPLING STRATEGY

Groundwater samples collected from shallow domestic wells for this study will be identified using
the following labeling format:

Facility Code-DW/PW+(Local Well ID), where Facility Code = where Facility Code is defined as
MT=Middletown, SR=SRRF, BC=Beaver Creek, BW=Baywood Country Club, and AB= Angola
Beach; DW= Domestic Well / PW=Public Well; and Round Number is the number of sampling
event. For example, AB-DW03 will be the groundwater sample collected from an Angola Beach
downgradient domestic well whose Local Well ID is AB-DW03. Only two public wells will be
sampled for this study, and both are near the Beaver Creek facility. In case additional samples are
collected from the same well, “-(sequential number)” should be added at the end of the first sample
ID. For example, AB-DW03-2 will be the second sample collected from the same well described
above.

For this study, every effort will be made to collect a groundwater sample prior to any treatment at
each residence. Ifit is impossible to do, a post-treatment sample will be collected. “-POST” will
be added to the sample ID and the type of treatment will be noted in the field sampling log. If at
a residence where a treatment system is (or multiple treatment systems are) in operation, and it is
possible to collect samples from each end, two samples: one pre-treatment and one post-treatment
will be collected. “~-POST” will be added to the sample ID of the post-treatment sample. The type
of treatment (i.e., reverse osmosis, activated carbon), treatment location (i.e., point of use, or point
of entry), and the date of last maintenance (such as filter/membrane replacement) will be noted in
the field sampling log. For PFAS analysis, sediment or ceramic filtration, ultraviolet purification
and water softener systems will not be considered a “treatment system” in this study, and there is
no need to collect a “~-POST” sample. For the analysis of Division of Public Health (DPH)
parameters (DHSS, 2024), however, pre-treatment and post-treatment samples will be collected
for any treatment system(s) installed at the residence.

8.0 QUALITY ASSURANCE AND QUALITY CONTROL

A Quality Assurance Project Plan (QAPP) will be developed for this study before the start of
sampling. DNREC will select qualified contractors and laboratories to perform sample collection
and analysis. These contractors will be required to submit Standard Operating Procedures (SOPs)
and Quality Assurance and Quality Control Plans (QA/QC) to DNREC for approval prior to
contracting. All samples will be analyzed using DNREC modified EPA Method (1633M).
Appendix I presents the analyte list of Method 1633M.

9.0 SAMPLING FREQUENCY AND PROJECT SCHEDULE

One time sampling will be conducted from selected wells as specified in Section 2.0 through
Section 6.0 for this study. US EPA MCLs (EPA, 2024) will be used as threshold concentrations
to characterize the downgradient areas for mitigation. Additional sampling may be conducted
when deemed necessary.

16
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This project design and sampling plan will be finalized in February 2025, and it is anticipated that
field sampling would first occur in March 2025. Sampling will be coordinated with DPH (from
Department of Health and Social Services) who has indicated to collect same samples as DNREC
for analysis of general parameters (DHSS, 2024).

10.0 SUMMARY

DNREC-Division of Water intends to conduct a follow-up study on PFAS in wastewater by
sampling shallow domestic wells downgradient of wastewater disposal facilities where
groundwater from onsite monitoring wells were found to contain PFAS. A total of 45 shallow
domestic wells downgradient of five wastewater treatment and disposal facilities will be sampled.
A potential total number of 65 groundwater samples will be collected (assuming pre- and post-
treatment samples can be collected from 10 residences, and 10 additional samples need to be
collected after the initial sampling event). This estimated total number of samples does not include
any QA/QC samples collected by the field team. Field sampling is expected to start in March 2025.

REFERENCE

DHSS, 2024: Private Well Owners (https://dhss.delaware.gov/dph/lab/privdw.html)

DNREC, 2023: PROJECT DESIGN AND SAMPLING PLAN- PFAS in Wastewater
Characterization and Fate (https://documents.dnrec.delaware.gov)

DNREC, 2024: James Thompson & Company, Inc. PFAS Investigation Project Data Summary
Report (https://documents.dnrec.delaware.gov)

EPA, 2024: EPA’s Final PFAS National Primary Drinking Water Regulation: Monitoring and
Reporting (https://www.epa.gov/system/files/documents/2024-04/pfas-npdwr fact-
sheet monitoring 4.8.24 0.pdf)
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Appendix |

Analyte Acronym CAS# EPA | EPA | EPA 537M 1633M
537.1 533 1633 DNREC
REM
Perfluoroalkyl carboxylic Acids
Pentafluoropropionic acid PPF Acid or (PFPrA) 422-64-0 X X
Perfluorobutanoic acid PFBA 375-22-4 X X X X
Perfluoropentanoic acid PFPeA 2706-90-3 X X X X
Perfluorohexanoic acid PFHxXA 307-24-4 X X X X X
Perfluoroheptanoic acid PFHpA 375-85-9 X X X X X
Perfluorooctanoic acid PFOA 335-67-1 X X X X X
Perfluorononanoic acid PFNA 375-95-1 X X X X X
Perfluorodecanoic acid PFDA 335-76-2 X X X X X
Perfluoroundecanoic acid PFUnA 2058-94-8 X X X X X
Perfluorododecanoic acid PFDoDA 307-55-1 X X X X X
Perfluorotridecanoic acid PFTrDA 72629-94-8 X X X X
Perfluorotetradecanoic acid PFTeDA 376-06-7 X X X X
Perfluoroalkyl sulfonic Acids
Perfluorobutanesulfonic acid PFBS 375-73-5 X X X X X
Perfluoropentanesulfonic acid PFPeS 2706-91-4 X X X X
Perfluorohexanesulfonic acid PFHxS 355-46-4 X X X X X
Perfluoroheptanesulfonic acid PFHpS 375-92-8 X X X X
Perfluorooctanesulfonic acid PFOS 1763-23-1 X X X X X
Perfluorononanesulfonic acid PFNS 474511-07-4 X X
Perfluorodecanesulfonic acid PFDS 335-77-3 X X
Perfluorododecanesulfonic acid PFDoDS 79780-39-5 X X
Fluorotelomer sulfonic acids
4:2 fluorotelomer sulfonic acid 4:2FTS 757124-72-4 X X X X
6:2 fluorotelomer sulfonic acid 6:2 FTS 27619-97-2 X X X X
8:2 fluorotelomer sulfonic acid 8:2 FTS 39108-34-4 X X X X
Perfluorooctane Sulfonamides
Perfluorooctanesulfonamide PFOSA or FOSA 754-91-6 X X
N-Methylperfluorooctanesulfonomide N-MeFOSA 31506-32-8 X X
N-Ethylperfluorooctanesulfonomide N-EtFOSA 4151-50-2 X X
Perfluorooctane sulfonamidoacetic acids
N-methyl perfluorooctane sulfonamido acetic acid | N-MeFOSAA 2355-31-9 X X X X
N-ethyl perfluorooctane sulfonamido acetic acid N-EtFOSAA 2991-50-6 X X X X
Perfluorooctane sulfonamide ethanols
N-Methylperfluorooctanesulfonamidoethanol N-MeFOSE 24448-09-7 X X
N-Ethylperfluoroctanesulfonamidoethanol N-EtFOSE 1691-99-2 X X
Per- and Polyfluoroether carboxylic acids
Hexafluoropropylene oxide Dimer acid HFPO-DA or (GenX) 13252-13-6 X X X X X
4,8-Dioxa-3H-perfluorononanoic acid ADONA 919005-14-4 X X X X X
Perfluoro-4-methoxybutanoic acid PFMBA 863090-89-5 X X X X
Perfluoro-3-methoxypropanoic acid PFMPA 377-73-1 X X X X
Perfluoro-2-methoxyacetic acid PFMOAA 674-13-5 X X
Perfluoro-3,6-dioxaheptanoic acid NFDHA or (PFECA B) | 151772-58-6 X X X X
Perfluoro-3,5-dioxahexanoic acid PFO2HxA 39492-88-1 X X
Perfluoro-3,5,7-trioxaoctanoic acid PFO30A 39492-89-2 X X
Ether sulfonic acids
11CI-PF30UdS F-53B Minor 763051-92-9 X X X X X
9CI1-PF30NS F-53B Major 756426-58-1 X X X X X
Perfluoro-2-ethoxyethanesulfonic acid PFEESA or (PES) 113507-82-7 X X X X

Fluorotelomer carboxylic acids




5:3 fluorotelomer carboxylic acid 5:3 FTCA 914637-49-3
6:2 fluorotelomer carboxylic acid 6:2 FTCA 53826-12-3
6:2 fluorotelomer alpha, beta-unsaturated 6:2 FTUCA 70887-88-6
carboxylate

3-Perfluoropropyl acid 3:3FTCA 356-02-5
3-Perfluoroheptyl Propanoic acid 7:3FTCA 812-70-4
Other

Hydro-PS Acid (None) 749836-20-2
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