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1. Introduction 

This technical memorandum summarizes and reports the findings of site investigations 
conducted at land application Sites 02N05E01-BC01 (Site E01-BC01), 02N05E01-BC02 (Site 
E01-BC02), 02N05E02-BC01 (Site E02-BC01), 02N05E02-AG01 (Site AG01), 03N06E04-JW01 
(Site JW01), and 03N06E04-JW05 (Site JW05) (Figure 1).  The purpose of the investigation 
was to determine the impact, if any, from the land application of Per- and Polyfluoroalkyl 
Substances (PFAS)-impacted biosolids from the Wixom Wastewater Treatment Plant (WWTP) 
in the soil, groundwater, and adjacent surface water bodies.  

The field investigation activities were designed to characterize soil, groundwater, and surface 
water conditions and collect data to evaluate the risk to human health and the environment from 
land applying potential PFAS-impacted biosolids.  A review of existing data was used to guide 
the scope of this investigation. Field investigation activities at the Site included soil, 
groundwater, perched water, and surface water sampling activities. 

2. Background 

The investigation conducted by AECOM on behalf of the Michigan Department of Environment, 
Great Lakes, and Energy (EGLE) was performed in accordance with applicable AECOM, EGLE, 
and US Environmental Protection Agency (USEPA) guidance documents, including the Scope of 
Work and the Quality Assurance Project Plan (QAPP), previously developed in 2018.  The 
USEPA has classified PFAS as emerging contaminants that EGLE regulates under Part 201, 
Environmental Remediation, and Part 31, Water Resources Protection, of the Natural 
Resources and Environmental Protection Act, Act 451 of 1994, as amended and their respective 
administrative rules, specifically Rule 299.44-299.50 (Generic Cleanup Criteria) and 
Rule 323.1057 (Rule 57) (Toxic Substances) of the Michigan Administrative Code.  PFAS are a 
complex family of more than 4,750 human-made fluorinated organic chemicals.  Due to their 
unique chemical properties, PFAS has been used in many industries and consumer products 
since the late 1950s.  The Interstate Technology Regulatory Council (ITRC) has identified four 
primary sources of PFAS: fire training/fire response sites, industrial sites, landfills, and 
wastewater treatment plants/biosolids. 

AECOM initially sampled the Wixom WWTP on November 14, 2018.  The Wixom WWTP has an 
approved Industrial Pretreatment Program (IPP) and authorization to discharge treated 
municipal wastewater under NPDES permit number MI0024384.  In the spring of 2018, EGLE’s 
Water Resources Division (WRD) required all municipal WWTPs with approved IPPs to 
participate in an IPP PFAS Initiative to evaluate their industrial users for discharges of PFAS.  In 
May 2018, the Wixom WWTP identified an industrial user, a chrome plating facility, as a 
significant source of perfluorooctanesulfonic acid (PFOS) to their facility and elevated levels of 
PFOS in the effluent. Based on this information, the Wixom WWTP was included in a statewide 
WWTP PFAS assessment to provide a range of possible PFAS impacts in WWTPs with 
industrial discharges.  The influent, effluent, and biosolids were sampled for 24 PFAS 
compounds recommended by EGLE as the PFAS Minimum Laboratory Analyte List. 

Further, the Wixom WWTP has frequently sampled their effluent for PFAS since June 2018. 
EGLE has documented approximately 25 sampling events at the WWTP, which show downward 
trends in PFOS and perfluorooctanoic acid (PFOA) effluent concentrations with time due to 
source reduction efforts implemented by the Wixom WWTP.  The November 2018 AECOM 
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sampling event results are consistent with the Wixom WWTP sampling results and trends.  The 
effluent samples from the Wixom WWTP periodically exceeded the Rule 57 Water Quality 
Standards (WQS) for a surface water body not used as a drinking water source of 12 ng/L for 
PFOS but did not exceed the WQS of 12,000 ng/L for PFOA.  The results from the sampling 
events are summarized below, listed as the range of values detected by year. 

Sample Location Sample Year PFOA1 (detection range) PFOS1 (detection range) 

Influent 2018 3.07 128 

Influent 2019 ND – 2.2 ND – 23 

Influent 2020 Not Sampled Not Sampled 

Effluent 2018 6.2 – 9.9 150 – 4,800 

Effluent 2019 4.5 – 11 17 –130 

Effluent 2020 4.2 – 9.0 12 – 51 

Biosolids 2018 1.7 – 5.2 2,150 – 8,600 

Biosolids 2019 Not Sampled Not Sampled 

Biosolids 2020 Not Sampled Not Sampled 
1Units for aqueous samples are in nanograms per liter (ng/L) or parts per trillion (ppt), and for the solids are in micrograms per 
kilogram (µg/Kg) or parts per billion (ppb). 

Of the WWTPs included in the statewide WWTP PFAS assessment, the Wixom WWTP had 
some of the highest PFOS concentrations found in impacted biosolids and is expected to 
represent a worst-case scenario.  EGLE conducted an initial, limited investigation in April 2019 
at the Wixom Sites E01-BC01, E01-BC02, JW01, and JW05 that included nine (9) surface soil 
samples, five (5) surface water samples, seven (7) perched water samples and one (1) tile drain 
sample.  In September 2019, six (6) groundwater samples were collected from six (6) 
monitoring wells installed at three (3) locations across Sites EB01-BC01, EB01-BC02, and 
EB02-BC01.  In November 2019, six (6) soil samples, two (2) surface water samples, and three 
(3) perched water samples were collected from Sites EB02-BC01 and AG01 (Figure 2a - 2c). 

The analytical results from sampling the influent, effluent, and biosolids at the Wixom WWTP 
represent only the conditions at the time of sampling.  There is not enough historic information 
to accurately estimate the concentrations of PFOA and PFOS within the Wixom WWTP in the 
past, including the biosolids.  It is documented that PFOA and PFOS were much more widely 
used in the past.  As a result, concentrations in all environmental matrices found in agricultural 
fields where Wixom WWTP biosolids were land applied in the past may not be closely 
correlated to current concentrations found within the WWTP.  However, biosolids associated 
with IPP WWTPs are expected to have higher PFAS concentrations than those from non-IPP 
WWTPs.  The Wixom WWTP and agricultural fields E01-BC01, E01-BC02, E02-BC01, AG01, 
JW01, and JW05 were selected to compare WWTPs and agricultural fields that participate in 
the IPP that had lower PFAS concentrations in their biosolids and non-IPP WWTPs and 
agricultural fields. 

2.1 Sites E01-BC01, E01-BC02, E02-BC01 
Site E01-BC01 is a 35-acre field located southeast of South Kellogg and Golf Club Road in 
Howell, Michigan, approximately 18 miles west of the Wixom WWTP.  Immediately to the east is 
Site E01-BC02, a 20-acre field, and immediately to the west of Site E01-BC01, on the other side 
of South Kellogg Road, is Site E02-BC01, a 30-acre field. All three (3) Sites are owned and 
farmed by the same landowner/farmer. 
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Application to apply biosolids from the Wixom WWTP to Sites E01-BC01, E01-BC02, and  
E02-BC01 was first received by the EGLE WRD in 2010.  Records indicate Site E01-BC01 
received 521.1 dry tons (dT) of biosolids from five (5) applications by the Wixom WWTP from 
June 2010 through December 2015.  Applications were consistent across the entire acreage of 
the Site and varied from approximately 62 to 144 dT per application, with an average application 
rate of 2.99 dT per acre.  Records indicate Site E01-BC02 received 184.47 dT of biosolids from 
five (5) applications by the Wixom WWTP from June 2010 through August 2015.  These 
applications were somewhat consistent in acreage used and moderate in application rate, from 
17 to 43 dT per year, with an average application rate of 2.39 dT per acre.  Records indicate 
Site E02-BC01 received 255.64 dT of biosolids from four (4) applications by the Wixom WWTP 
from June 2010 to December 2013.  Applications were somewhat consistent in acreage used 
and varied from approximately eight (8) to 103 dT per application, with an average application 
rate of 2.04 dT per acre. The application of biosolids for all three (3) sites is attached in 
Table 1a.    

2.2 Site AG01 
Site AG01 is a 120-acre field located approximately a ½ mile southwest of Golf Club Road and 
South Kellogg Road in Howell, Michigan, approximately 14 miles west of the Wixom WWTP.  
Site AG01 is located approximately one (1) mile southwest of Site E01-BC01.  The same 
landowner owns this Site as Sites E01-BC01, E01-BC02, and E02-BC01.  

Application to apply biosolids from the Wixom WWTP was first received by the EGLE WRD in 
2010.  Site AG01 received 487.83 dT of biosolids from five (5) applications by the Wixom 
WWTP from May 2010 through August 2015.  None of the applications covered the entire 
acreage of the Site.  Applications varied from approximately 51 to 171 dry tons per application, 
with an average application rate of 1.87 dT per acre (Table 1b).  

2.3 Sites JW01, JW05 
Site JW01 is a 24-acre field located at 10208 Parshall Road in Fenton, Michigan.  Site JW05 is 
a 13-acre field located directly southeast of Site JW01.  Both Sites are approximately 20 miles 
northwest of the Wixom WWTP and are owned and farmed by the same landowner/farmer.  

Application to apply biosolids from the Wixom WWTP was first received by the EGLE WRD in 
December 1993.  Site JW01 received 242.49 dT of biosolids from four (4) applications by the 
Wixom WWTP from June 1995 through April 2000.  All applications covered the entire acreage 
of the site, varying from 13 to 92 dT per application, with an average application rate of 2.53 dT 
per acre.  Site JW05 received 187.8 dT of biosolids from five (5) applications by the Wixom 
WWTP from June 1995 to January 2001.  All applications covered the entire acreage of the site, 
varying from 23 to 64 dT per application, with an average application rate of 3.22 dT per acre.  
The application of biosolids for both sites is attached in Table 1c.     

3. Hydrogeology/Geology 

The geology and topography of the Wixom Sites are the results of glacial activity.  The glacial 
aquifers consist of sand and gravel that are part of a thick sequence of Pleistocene glacial 
deposits (Figure 9).  The area is composed of ground moraines of medium-textured till and 
lacustrine outwash deposits that are predominately composed of loamy sand and till.  Soil 
borings installed during the investigation generally encountered surficial silty clay followed by 
intermixed sand and/or gravel.  Soil boring logs are provided in Appendix A. 
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3.1 Sites E01-BC01, E01-BC02, E02-BC01
The USDA Natural Resources Conservation Service Web Soil Survey identified two (2) primary
types of surface soils in field E01-BC01: the Brookston loam (By) and Wawasee loam (MoA,
MoB).  Both lithologies were deposited as ground and end moraines consisting of a calcareous
loamy till.  There are two (2) surface water ponds and standing perched water within the field.
Bogue Creek's headwaters, which flows into the Shiawassee River, is a ¼ mile to the north.

The USDA Natural Resources Conservation Service Web Soil Survey identified two (2) primary
types of surface soils at Site E01-BC02: the Wawasee loam (MoB, MoC) and Miami loam (MoD,
MoE).  These soils were deposited as ground moraines and till plains, consisting of a loamy till.
No surface water bodies are located on this field, however, standing perched water accumulates
in the southwest corner of the Site.

The USDA Natural Resources Conservation Service Web Soil Survey identified three (3)
primary types of surface soils at E02-BC01: the Carlisle muck (Cc), Oakville fine sand (OkB),
and Wawasee loam (MoA, MoB, MoC).  The Wawasee loam was deposited as ground and end
moraines and consisted of calcareous loamy till.  The Oakville fine sand was deposited as
deltas and outwash plains and consists of fine sediment deposits over loamy till.  The Carlisle
muck was deposited from glacial drainage depressions and consists of woody organic material.
There is one (1) centrally located surface water pond within Site E02-BC01.  The lithologies at
Sites E01-BC01, E01-BC02, and E02-BC01 are described in Appendix C.

Regional groundwater flow is expected to generally be towards surface water bodies such as
ponds and streams.  The general groundwater elevation map based on EGLE-provided shallow
groundwater elevation data is provided in Figure 8a and shows groundwater generally flows to
the northeast region in Sites E01-BC01 and E01-BC02 and to the northwest in E02-BC01.
Specific shallow and deep groundwater flow in Sites E01-BC01, E01-BC02 and E02-BC01 is
shown in Figure 6a-1 and Figure 6a-2, based on the groundwater elevation data from the
locally installed monitoring wells listed in Table 5.

3.2 Site AG01
In Site AG01, the USDA Natural Resources Conservation Service Web Soil Survey identified
three (3) primary types of surface soils from where samples were collected: the Wawasee loam
(MoA, MoB, MoC), Fox-Boyer complex (FrB, FrC), and the Brady loamy sand (BuA).  The
Wawasee loam was deposited as ground and end moraines and consisted of calcareous loamy
till.  The Fox-Boyer complex was deposited from outwash plains and moraines and consists of
loamy sand and gravelly glaciofluvial deposits.  The Brady loamy sand was deposited from
swales on lake plains and outwash deltas and consists of loam over sandy and gravelly
glaciofluvial deposits. Most of Site AG01 is located within a wellhead protection area.  The
lithologies at Site AG01 are described in Appendix C.

Regional groundwater flow is expected to generally be towards surface water bodies such as
ponds and streams.  The general groundwater elevation map based on EGLE-provided shallow
groundwater elevation data is provided in Figure 8a and shows groundwater generally flows to
the northeast region in Site AG01.

3.3 Sites JW01, JW05
The USDA Natural Resources Conservation Service Web Soil Survey identified two (2) primary
types of surface soils in Sites JW01 and JW05: the Wawasee loam (MoB, MoC) and Conover
loam (CrvaaB).  The Wawasee loam was deposited as ground and end moraines and consisted
of calcareous loamy till.  The Conover loam was deposited as ground and end moraines
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consisting of a loamy till over a denser loamy till.  Site JW01 soil lithologies are split east and 
west.  The Wawasee loam is generally in the west third of the field, and the Conover loam is in 
the eastern two-thirds of the field.  Site JW05 soil lithologies are split north and south.  The 
Wawasee loam is generally in the northern third of the field, while the Conover loam is in the 
southern two-thirds of the field.  The lithologies at Sites JW01 and JW05 are described in 
Appendix C. 

Regional groundwater flow is expected to generally be towards surface water bodies such as 
ponds and streams.  The general groundwater elevation map based on EGLE-provided shallow 
groundwater elevation data is provided in Figure 8b and shows groundwater generally flows to 
the west in Sites JW01 and JW05.  

4. Scope of Work 

Soil, surface water, perched water, and groundwater samples were collected from the 
agricultural fields to evaluate the potential PFAS impact from Wixom WWTP biosolids.  The soil, 
surface water, perched water, and groundwater samples were submitted to Vista Analytical 
Laboratory and analyzed for EGLE’s recommended minimum analyte list of 24 PFAS 
compounds provided below, using an isotope dilution method. Soil samples were additionally 
sent to Test America Laboratory for total organic carbon (TOC) analysis using the Lloyd Kahn 
Method. 
 
 PFAS Name Carbon Chain length (C#) Acronym CAS # 
Perfluorobutanoic Acid1 C4 PFBA 375-22-4 

Perfluoropentanoic Acid1 C5 PFPeA 2706-90-3 

Perfluorohexanoic Acid1 C6 PFHxA 307-24-4 

Perfluoroheptanoic Acid1 C7 PFHpA 375-85-9 

Perfluorooctanoic Acid1 C8 PFOA 335-67-1 

Perfluorononanoic Acid1 C9 PFNA 375-95-1 

Perfluorodecanoic Acid1 C10 PFDA 335-76-2 

Perfluoroundecanoic Acid1 C11 PFUnDA 2058-94-8 

Perfluorododecanoic Acid1 C12 PFDoDA 307-55-1 

Perfluorotridecanoic Acid1 C13 PFTrDA 72629-94-8 

Perfluorotetradecanoic Acid1 C14 PFTeDA 376-06-7 

Perfluorobutane Sulfonic Acid2 C4 PFBS 375-73-5 

Perfluoropentane Sulfonic Acid2 C5 PFPeS 2706-91-4 

Perfluorohexane Sulfonic Acid2 C6 PFHxS 355-46-4 

Perfluoroheptane Sulfonic Acid2 C7 PFHpS 375-92-8 

Perfluorooctane Sulfonic Acid2 C8 PFOS 1763-23-1 

Perfluorononane Sulfonic Acid2 C9 PFNS 474511-07-4 

Perfluorodecane Sulfonic Acid2 C10 PFDS 335-77-3 
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 PFAS Name Carbon Chain length (C#) Acronym CAS # 

Perfluorooctane Sulfonamide3 C8 FOSA 754-91-6 

4:2 Fluorotelomer Sulfonic Acid4 C4 4:2 FTSA 757124-72-4 

6:2 Fluorotelomer Sulfonic Acid4 C6 6:2 FTSA 27619-97-2 

8:2 Fluorotelomer Sulfonic Acid4 C8 8:2 FTSA 39108-34-4 

N-Ethyl Perfluorooctane 
Sulfonamidoacetic Acid5 C8 EtFOSAA 2991-50-6 

N-Methyl Perfluorooctane 
Sulfonamidoacetic Acid6 C8 MeFOSAA 2355-31-9 
1Perfluoroalkyl Carboxylic Acids (PFCAs) Family is composed of the following PFAS: PFBA, PFPeA, PFHxA, PFHpA, PFOA, 
PFNA, PFDA, PFUnDA, PFDoDA, PFTrDA, PFTeDA 
2Perfluoroalkane Sulfonic Acids (PFSAs) Family is composed of the following PFAS: PFBS, PFPeS, PFHxS, PFHpS, PFOS, 
PFNS, PFDS 
3Perfluoroalkane Sulfonamides (FASAs) Family is composed of the following PFAS: FOSA 
4(n:2) Fluorotelomer Sulfonic Acids (FTSAs) Family is composed of the following PFAS: 4:2 FTSA, 6:2 FTSA, 8:2 FTSA 
5N-Ethyl Perfluoroalkane Sulfonamidoacetic Acids (EtFASAAs) Family is composed of the following PFAS: EtFOSAA 
6N-Methyl Perfluoroalkane Sulfonamidoacetic Acids (MeFASAAs) Family is composed of the following PFAS: MeFOSAA 

5. Surface Soil 

The locations of soil samples were selected based on previous studies, soil types, surface water 
flow and were generally biased with the intent of obtaining the highest possible concentrations 
as a worst-case scenario.  A total of 12 Decision Units (DUs) as 50 by 50 feet (ft) were identified 
for soil sampling, with the following number of DUs per Site: Site E01-BC01 (3), Site E01-BC02 
(2), Site E02-BC01 (2), Site AG01 (1), Site JW01 (2) and Site JW05 (2).  The biosolids were 
assumed to have been applied consistently at a depth of eight (8) inches across the agricultural 
fields based on information provided by EGLE. Soil samples were collected for each DU using 
composite sampling, which is a technique that physically combines several spatially discrete 
aliquots from a body of material into a single sample for analysis. Each composite sample was 
composed of nine (9) aliquots, from a depth of six (6) to eight (8) inches or from a depth of zero 
(0) to 12 inches below ground surface (bgs), depending on the site, using a ¾” diameter soil 
core sampler.  All nine (9) aliquots from each DU were homogenized into one (1) composite 
sample for each DU.  All soil samples were analyzed for PFAS and TOC. 

Before sampling the fields associated with the Wixom WWTP, EGLE and AECOM sampled 
agricultural fields that received land application of biosolids from several other WWTPs, 
focusing on sample collection at a depth of six (6) to eight (8) inches bgs.  However, questions 
arose regarding whether there would be significant differences in PFAS concentrations between 
depth intervals (i.e., six (6) to eight (8) inches bgs and zero (0) to 12 inches bgs).  The top 12 
inches of soil are expected to be generally well homogenized and representative of near-surface 
soil conditions.  To evaluate potential differences in PFAS concentrations with depth, EGLE 
and AECOM collected two (2) co-located composite samples at Site E02-BC01 from a depth of 
six (6) to eight (8) inches and from a depth of zero (0) to 12 inches bgs.  Also, EGLE and 
AECOM collected a third co-located composite sample, from a depth of zero (0) to 12 inches 
bgs, from each DU at Site E02-BC01.  The third sample from each DU was processed by the 
analytical laboratory using Incremental Sampling Methodology (ISM), which includes prescribed 
procedures on how the sample is homogenized and sub-sampled prior to analysis.  This group 
of samples was used to evaluate the need for ISM processing by the analytical lab. 
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Soil Sample ID 
Sample 

Date Field Site 
Sample 
Depth 

Total 
PFAS1 PFOA1 PFOS1 

SB1911071345LEM 11/7/2019 E02_BC01-DU1-A 6-8" 101 1.44 96.7 

SB1911071350LEM 11/7/2019 E02_BC01-DU1-B 0-12" 99.0 1.19 94.1 

SB1911071355LEM 11/7/2019 E02_BC01-DU1-C 0-12" ISM 80.2 1.38 75.7 

SB1911071205LEM 11/7/2019 E02_BC01-DU2-A 6-8" 68.3 1.53 63.6 

SB1911071210LEM 11/7/2019 E02_BC01-DU2-B 0-12" 74.2 1.05 70.9 

SB1911071215LEM 11/7/2019 E02_BC01-DU2-C 0-12" ISM 67.5 1.24 63.7 
1Units are in micrograms per kilogram (µg/Kg) or parts per billion (ppb).  

All soil samples collected from the two (2) DUs had some PFAS compounds detected. Both DUs 
sampled did not show a strong variance between the three (3) sampling methods (A, B, and C).  
The results for the A and B samples indicate that biosolids are well mixed in the top 12 inches of 
soil and that based on this limited dataset, sampling six (6) to eight (8) inches bgs or the top 12 
inches of the soil horizon should be comparable.  The B and C samples results indicate that the 
lab's ISM processing may not be necessary to obtain representative PFAS results if the mixing 
of the soil samples in the field can be done appropriately.  The current sampling was not 
designed to evaluate potential differences in concentrations between the composite sampling 
and ISM sampling procedures in the field for a specific DU.  However, this was evaluated at 
agricultural field 08N10E33-CL01 associated with the Lapeer WWTP and 07N17E19-CK01 
associated with the Port Huron WWTP, where it showed that ISM and composite sampling 
methods could produce comparable results when used for screening and with properly selected 
DUs. 

Of the 24 PFAS compounds analyzed, only PFPeA, PFHxA, PFOA, PFNA, PFDA, PFBS, 
PFOS, and MeFOSAA were detected in all six (6) samples.  The first DU (E02_BC01-DU1) 
detected slightly higher total PFAS soil concentrations than the second DU, with the original 
sampling collection method (method A) resulting in the highest total PFAS, 101 µg/Kg.  The 
remaining five (5) soil samples collected between the two (2) DUs reported total PFAS values 
from 67.5 to 99.0 µg/Kg.  These six (6) samples were not analyzed for TOC.  Table 2 
summarizes the soil PFAS data by DU, and Figure 3a shows the total PFAS concentration and 
soil classification for each sample. 

5.3 Site AG01 
Within Site AG01, two (2) soil samples were collected using composite sampling from a depth of 
zero (0) to 12 inches from one (1) DU in the Fox-Boyer complex.  The analytical results are 
summarized in the table below and attached in Table 2 and Figure 3b. 

Soil Sample ID 
Sample 

Date Field Site 
Sample 
Depth Total PFAS1 PFOA1 PFOS1 

SB1911071515LEM 11/7/2019 AG01 0-12" 7.59 < 0.424 7.59 

SB1911071550LEM 11/7/2019 AG01 0-12" 14.5 0.434 14.1 
1Units are in micrograms per kilogram (µg/Kg) or parts per billion (ppb) 

Both soil samples collected had some PFAS detected. Of the 24 PFAS compounds analyzed, 
only PFOS and PFOA were detected in the two (2) samples.  PFOS was detected in both soil 
samples, with values of 7.59 and 14.1 µg/Kg, and PFOA was only detected in one (1) of the 
samples at 0.434 µg/Kg. Both soil samples were not analyzed for TOC.  Table 2 summarizes 
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the soil PFAS data by DU, and Figure 3b shows the total PFAS concentration and soil 
classification for each sample. 

5.4 Sites JW01, JW05 
Within Site JW01, two (2) DUs were sampled.  The first DU (JW01-DU1) was collected within 
the Wawasee loam (MoB), and the second DU (JW01-DU2) was collected within the Conover 
loam (CvraaB).  Within Site JW05, two (2) DUs were sampled.  The first DU (JW01-DU1) was 
collected within the Wawasee loam (MoB), and the second DU (JW05-DU2) was collected 
within the Conover loam (CvraaB).  The soil samples obtained at both Sites JW01 and JW05 
were collected using composite sampling from six (6) to eight (8) inches bgs.  The analytical 
results are summarized in the table below and attached in Table 2 and Figure 3c. 

Soil Sample ID 
Sample 

Date Field Site 
Sample 
Depth 

Total 
PFAS1 PFOA1 PFOS1 

SXDU11904111220MK 4/11/2019 JW01-DU1 6-8" 6.37 < 0.825 3.39 

SXDU21904111125MK 4/11/2019 JW01-DU2 6-8" 6.18 < 0.828 4.18 

SXDU21904111130MK-DUP 4/11/2019 JW01-DU2 6-8" 10.9 < 0.849 5.71 

SXDU11904111040MK 4/11/2019 JW05-DU1 6-8" 3.75 < 0.816 2.85 

SXDU21904110945MK 4/11/2019 JW05-DU2 6-8" 2.48 < 0.818 2.48 
1Units are in micrograms per kilogram (µg/Kg) or parts per billion (ppb) 

 
All soil samples collected from the four (4) DUs had some PFAS compounds detected.  Of the 
24 PFAS compounds analyzed, only PFDA, PFOS, and PFDS were detected in all five (5) 
samples.  None of the five (5) soil samples detected concentrations of PFOA, however, all 
samples reported values of PFOS from 2.48 to 5.71 µg/Kg.  All five (5) soil samples collected 
resulted in relatively low total PFAS concentrations (Table 2) compared to soil samples 
collected from other agricultural fields associated with industrially impacted biosolids from other 
municipal WWTPs with significant industrial sources.   

The TOC analytical results ranged from 5,000 to 17,000 milligrams per kilogram (mg/Kg).  The 
maximum TOC value is associated with JW05-DU2 and the Conover loam lithology, with a TOC 
value of 17,000 mg/Kg.  The remaining three (3) DUs sampled resulted in TOC values ranging 
from 5,000 to 11,000 mg/Kg.  Tables 2 and 6 summarize the soil PFAS and TOC data by DU, 
and Figure 3c shows the total PFAS concentration and soil classification for each sample. 

6. Surface Water 

Within Sites E01-BC01, E01-BC02, E02-BC01, AG01, JW01, and JW05, 10 surface water 
samples, seven (7) perched water samples, and one (1) tile drain water sample were collected. 
Surface water samples were collected from local ponds onsite or nearby creeks.  Due to 
excessive wet conditions on the fields, standing water was available for sampling and noted as 
“PEW” for perched water instead of “SW” for surface water.  One tile drain sample was collected 
and noted as “TD” in its sample ID nomenclature.  The analytical results and sampling 
descriptions are detailed below. 

6.1 Sites E01-BC01, E01-BC02, E02-BC01 
Surface water samples were collected from the two (2) centrally located ponds and three (3) 
standing perched water locations in the northern region of Site E01-BC01.  Within Site  
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E01-BC02, two (2) perched water samples were collected from the southwest corner of the field.
No surface water bodies are present for surface water sampling on this field.  At Site E02-BC01,
one (1) surface water sample was collected from the centrally located pond, and one (1)
perched water sample was collected from the southern region of the field.  The analytical results
are summarized in the table below and attached in Table 3 and Figure 4a.

Surface Water Sample ID
Sample

Date Field Site Total PFAS1 PFOA1 PFOS1

PEW011904111510RL 4/11/2019 E01-BC01-PEW1 968 37.7 533
PEW021904111515RL 4/11/2019 E01-BC01-PEW2 818 38.6 401
PEW031904111525RL 4/11/2019 E01-BC01-PEW3 952 45.0 246
SW011904111355RL 4/11/2019 E01-BC01-SW1 386 11.7 49.7
SW011904111400RL-DUP 4/11/2019 E01-BC01-SW1 392 12.0 50.7
SW021904111345RL 4/11/2019 E01-BC01-SW2 86.0 5.84 38.4
PEW011904111640RL 4/11/2019 E01-BC02-PEW1 36.8 3.11 16.4
PEW021904111615RL 4/11/2019 E01-BC02-PEW2 86.0 3.97 57.2
SW1911061235LEM 11/6/2019 E02-BC01-SW4 226 13.9 60.4
SW1911061245LEM 11/6/2019 E02-BC01-SW5 297 13.9 191
1Units are in nanograms per liter (ng/L) or parts per trillion (ppt)

All 10 surface and perched water samples were above the Rule 57 WQS for PFOS; however, all
samples were below the WQS for PFOA (Section 10), with PFOS being detected above 12 ng/L
and low detections below 12,000 ng/L of PFOA (Table 3).

6.2 Site AG01
Surface water samples were collected from two (2) perched water bodies and one (1) surface
water pond within Site AG01.  The two (2) perched water samples were collected within the
northwest/central region of the field.  The single surface water sample was collected from a
neighboring pond south of Site AG01.  The analytical results are summarized in the table below
and attached in Table 3 and Figure 4b.

Surface Water Sample ID Sample Date Field Site Total PFAS1 PFOA1 PFOS1

SW1911061100LEM 11/6/2019 AG01-PEW1 422 57.3 159
SW1911061135LEM 11/6/2019 AG01-PEW2 551 64.4 120
SW1911061155LEM 11/6/2019 AG01-SW1 12.0 < 1.44 1.56
1Units are in nanograms per liter (ng/L) or parts per trillion (ppt) 

The three (3) surface and perched water samples reported values above the Rule 57 WQS for
PFOS; however, all samples were below the WQS for PFOA (Section 10), with PFOS being
detected above 12 ng/L and PFOA detections below 12,000 ng/L (Table 3).  At Site AG01, the
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cattle previously used the portion of the Site where perched water sample A01-PEW1 was 
collected.  While the cattle's primary drinking water source is the livestock well (see 
Section 7.3), the cattle had access to and would sometimes consume the perched water.  Since 
sampling was conducted, the farmer fenced the area around the perched water to prevent the 
cattle from using it as a drinking water source.  The farmer continues to use the livestock well as 
the only drinking water supply for its cattle, which was determined to be non-detect for all PFAS 
(Section 7.3).  

6.3 Sites JW01, JW05 
Surface water samples were collected from two (2) perched water bodies, one (1) surface water 
creek, and a single tile drain within Site JW01.  The first perched water sample was collected 
along the southern edge of the field, and the second perched water sample was collected along 
the western edge of field JW01.  The single surface water sample was collected along the creek 
southwest of Site JW01. The tile drain sample was collected on the western edge of Site JW01.  
Within Site JW05, a single surface water sample was collected from the creek running along the 
northeast region of the field.  The analytical results are summarized in the table below and 
attached in Table 3 and Figure 4c. 

Surface Water Sample ID Sample Date Field Site Total PFAS1 PFOA1 PFOS1 
PEW011904111015RL 4/11/2019 JW01-PEW1 59.0 6.14 < 1.47 

PEW021904111210RL 4/11/2019 JW01-PEW2 17.5 1.62 1.90 
SW011904111220RL 4/11/2019 JW01-SW1 9.43 < 1.49 < 1.49 

SW031904110940RL 4/11/2019 JW05-SW3 4.40 < 1.54 < 1.54 
1Units are in nanograms per liter (ng/L) or parts per trillion (ppt) 

1Units are in nanograms per liter (ng/L) or parts per trillion (ppt) 

All surface and perched water samples were below the Rule 57 WQS for PFOS; however, the 
single tile drain sample was above the Rule 57 WQS for PFOS, with PFOS being detected over 
12 ng/L (Section 10).  All samples were below the Rule 57 WQS for PFOA of 12,000 ng/L 
(Table 3).   

7. Groundwater 

Between August 19 to 21, 2019, AECOM and Mateco Drilling Company installed six (6) 
monitoring wells throughout the Wixom Sites E01-BC01 and E01-BC02. Before any intrusive 
work was performed, a utility clearance was conducted by MISS DIG, Michigan’s one-call utility 
locating service.  Mateco Drilling Company used Ground Penetrating Technology (GPR) to 
conduct a sub-surface investigation around the boring site locations.  All boring site locations 
marked by AECOM were cleared.  No anomalies were encountered that would suggest any of 
the sampling locations needed to be relocated. 

  

Tile Drain Sample ID Sample Date Field Site Total PFAS1 PFOA1 PFOS1 
TD011904111225RL 4/11/2019 JW01-TD01 50.0 5.98 17.6 
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Three (3) drilling locations were selected across Sites E01-BC01 and E01-BC02. A pair of 
shallow (S) and deep (D) wells were installed at each drilling location. At Site E01-BC01, the 
monitoring wells BC01-MW1(S, D) were set centrally along the northern boundary of the Site 
and monitoring wells BC01-MW2(S, D) were set along the southern edge of the Site.  On Site 
E01-BC02, monitoring wells BC02-MW1(S, D) were installed in the northeast corner of the field. 
The scope of work proposed monitoring well locations to be installed in areas outside of the 
active farming field and where data was needed within the farm fields.  

The up and down gradient locations of the six (6) groundwater wells were selected to provide 
vertical and horizontal groundwater flow information for PFAS.  Regarding shallow groundwater 
flow, both BC01-MW1(S) and BC01-MW2(S) act as upgradient wells as shallow groundwater 
flows east/northeast towards BC02-MW1(S).  Regarding deep groundwater flow, BC01-MW2(D) 
acts as the upgradient well, and BC01-MW1(D) and BC02-MW1(D) act as the downgradient 
wells, as groundwater flows north.  Shallow and deep groundwater flow is shown in Figure 6a-1 
and 6a-2.  Monitoring well locations are as shown in Figure 2a, and results are discussed in 
Figure 5 and Table 4. 

7.1 Permanent Monitoring Wells 
Mateco Drilling Company completed the soil borings by hand auguring the first five (5) feet 
below ground surface (bgs) and then using a Geoprobe 7822DT to drill to depth, typically 
stopping due to refusal or a very hard till-like lithology.  Both hand auguring and 2-inch dual tube 
systems were continuously used to core soils.  Cored soils were logged using the Unified Soil 
Classification System (USCS) from the surface to total depth.  Soil boring logs are provided in 
Appendix A and a photolog of the soil cuttings from the borings is provided in Appendix D.  
The initial borehole drilled per location provided lithology until refusal, allowing this borehole to 
be completed as the deep well at each Site.  Once total depth was reached, hollow stem auger 
drilling was utilized to over drill the soil boring to the final depth.  Additionally, an adjacent 
second borehole was blind drilled using the hollow stem auger to various shallow depths 
depending on the screen selection from the deep borehole's geologic soil log.  The borings 
ranged in depth from 24 to 50 feet bgs. 

Monitoring wells were installed through the annulus of the hollow stem augers as the augers 
were extracted from the ground.  Monitoring wells were constructed of 2-inch diameter, 
Schedule 40, polyvinyl chloride (PVC) well casing, and 5-foot long, 10-slot well screens.  An 
appropriately sized filter sand pack was installed around each well screen to approximately  
1-foot above the screened interval.  The screens were placed in wet sand layers encountered at 
deep and shallow depths to ensure groundwater sampling success once installed.  A 2-foot thick 
bentonite seal, hydrated in-place, was placed on top of the filter sand pack to isolate the well 
screen from the remaining borehole.  Bentonite chips were then used to seal the remaining 
annual space within three (3) feet of the ground surface.  Each monitoring well was completed 
at the ground surface with a stickup steel locking protective cover set in concrete surrounded by 
three (3) safety bollards for protection from any farming equipment.  An expandable J-plug was 
provided for each monitoring well. 

7.2 Groundwater Sampling 
Six (6) groundwater samples were collected within Sites E01-BC01 and E01-BC02 from all of 
the permanent monitoring wells at the three (3) locations (Figure 2a).  The monitoring wells 
were allowed to equilibrate for a total of one (1) month after the installation and development.  
Before collecting the groundwater samples, static water levels were measured using an 
electronic water tape from the top of the well casing of each of the wells.  Each monitoring well 
was purged, and groundwater samples were collected for PFAS analysis in laboratory supplied 
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containers.  Water quality parameters (temperature, specific conductance, pH, dissolved solids, 
oxidation-reduction potential, and turbidity) were recorded following AECOM groundwater 
Standard Operating Procedures using a YSI Pro DDS water quality meter.  Water quality 
measurements recorded during purging are summarized in Table 5 and Appendix B.  The 
analytical data are summarized in the table below and attached in Table 4 and Figure 5. 

Groundwater Sample ID Sample Date Field Site Total PFAS1 PFOA1 PFOS1 
GW1909031115SK 9/3/2019 BC01-MW1S < 1.33 < 1.33 < 1.33 

GW1909030955SK 9/3/2019 BC01-MW1D < 1.36 < 1.36 < 1.36 

GW1909041220SK 9/4/2019 BC01-MW2S 188 < 1.35 < 1.35 

GW1909041130SK 9/4/2019 BC01-MW2D < 1.31 < 1.31 < 1.31 

GW1909031245SK 9/3/2019 BC02-MW1S 8.75 < 1.45 < 1.45 

GW1909040925SK 9/4/2019 BC02-MW1D < 1.42 < 1.42 < 1.42 

FD1909040930SK 9/4/2019 BC02-MW1D < 1.36 < 1.36 < 1.36 
1Units are in nanograms per liter (ng/L) or parts per trillion 

All samples taken from the six (6) monitoring wells did not exceed Part 201 Residential and 
Nonresidential Drinking-Water Criteria (DWC) for PFOA, PFOS, PFNA, PFHxS, PFHxA, and 
PFBS of 8, 16, 6, 51, 400,000, and 420 ng/L, respectively (Table 4).  All six (6) monitoring wells 
reported non-detectable values for both PFOA and PFOS.  

Only two (2) of the monitoring wells had some PFAS compounds detected. Of the 24 PFAS 
compounds analyzed, only PFBA, PFPeA, PFHxA, PFBS and PFHxS were detected in the 
samples.  The highest total PFAS concentration of 188 ng/L was detected in the shallow 
monitoring well BC01-MW2(S) along the southern edge of Site E01-BC01. BC01-MW2(S) was 
screened from 20 to 25 ft bgs, likely in a perched groundwater zone.  On Site E01-BC02, 
monitoring well BC02-MW1(S) was the only other detection of total PFAS, at 8.75 ng/L.  This 
shallow monitoring well was screened from 18 to 23 ft bgs, a similar depth to BC01-MW2(S).  

7.3 Residential & Livestock Well Sampling 
Four (4) total residential well samples and one (1) livestock well sample were collected adjacent 
to Sites E01-BC01, E01-BC02 and AG01 (Figures 2a and 2b).  The residential well from 
Resident 2 is along the western edge of Site E01-BC01 and screened from 76 to 86 ft bgs. The 
residential well from Resident 4 is along the eastern edge of Site E01-BC02 and screened from 
57 to 67 ft bgs.  The other two (2) residential wells from Resident 3 (screened from 106 to 
112 ft bgs) and Resident 1 (screened from 112 to 122 ft bgs) and the single livestock well are 
located along the southern edge of Site AG01.  The analytical data are summarized in the table 
below and attached in Table 4 and Figure 7a and 7b. 

Groundwater Sample ID Sample Date Field Site Total PFAS1 PFOA1 PFOS1 
WR1911060935LEM 11/6/2019 Resident 1 < 4 < 2 < 2 

WT1911061255LEM 11/6/2019 Resident 2 < 4 < 2 < 2 

WT1911071000LEM 11/7/2019 Resident 3 < 4 < 2 < 2 

WT1911071015LEM 11/7/2019 Resident 4 < 4 < 2 < 2 

WT1911061000LEM 11/6/2019 Livestock Well < 4 < 2 < 2 
1Units are in nanograms per liter (ng/L) or parts per trillion 
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11.1 Soil  
Based on EGLE’s assessment of WWTPs, long-chain PFAS (e.g., PFOS and PFOA) 
accumulate at higher concentrations in sludge and biosolids; as a result, less short-chain PFAS 
are expected to be present in the land-applied biosolids when compared to long-chain PFAS.  
The soil results indicated that PFOS was the PFAS detected at the highest concentrations, 
varying from 2.48 to 96.7 µg/Kg, supporting the expectation that long-chain PFAS accumulates 
at higher concentrations in soil.  PFAS, especially the long-chain PFAS compounds, are known 
to adsorb more strongly to fine particles such as silt and clay, which contain more TOC.  At Sites 
E01-BC01 and E01-BC02, the TOC analysis indicates that the maximum TOC values generally 
are associated with soil samples of the highest PFAS values. Due to lower total PFAS 
concentrations at Sites JW01 and JW05, the correlation is not strong between TOC and PFAS.  
This indicates that site-specific environmental conditions could play a very significant role in 
environmental impacts.   

Six (6) soil samples were collected from two (2) DUs using three (3) different methods at Site 
E02-BC01.  Soil samples A and B were collected using composite sampling from six (6) to eight 
(8) inches and zero (0) to 12 inches bgs, respectively.  Soil samples C were collected from zero 
(0) to 12 inches bgs and were processed using ISM by the analytical lab.  The results for the A 
and B samples indicate that biosolids are well mixed in the top 12 inches of soil, and that based 
on this limited dataset, sampling six (6) to eight (8) inches bgs or the top 12 inches of the soil 
horizon should be comparable.  The results for the six (6) samples also indicate that if soils can 
be well mixed in the field, comparable results can be obtained with and without ISM processing 
by the analytical laboratory.  Additional evaluations at agricultural field 08N10E33-CL01 
associated with the Lapeer WWTP and 07N17E19-CK01 associated with the Port Huron WWTP 
also showed that ISM and composite sampling methods could produce comparable results 
when used for screening with properly selected decision units.  Results indicate that both the 
ISM and composite sampling methods  used are appropriate in screening agricultural fields for 
potential PFAS impacts from the land applications of biosolids.  ISM has unique benefits and is 
recommended when evaluation of a large area is needed, but ISM is not needed for proper 
screening of PFAS impacts to all soils from land-application of biosolids.  

A discussion about the PFAS concentrations in surface water, perched water, tile drains, and 
groundwater in relation to the soil samples is provided in Section 11.2 and 11.3 below.  

11.2 Surface Water 
PFAS concentrations detected in surface water are likely related to surface runoff and potential 
discharge of shallow groundwater into the surface water body.  The Rule 57 WQS for PFOS was 
exceeded for all surface water and perched water samples collected from Sites E01-BC01,  
E01-BC02, and E02-BC01.  Additionally, Rule 57 WQS for PFOS was exceeded in the two (2) 
perched water samples collected from Site AG01, and the single tile drain sample collected at 
Site JW01. Rule 57 WQS was not exceeded for PFOA in any of the surface water, perched 
water or tile drain samples across all Wixom Sites.  

The highest total PFAS concentrations were collected from the three (3) perched water samples 
within Site E01-BC01, located in the northwest region of the field, ranging from 818 to 968 ng/L.  
This area is partially downgradient of shallow groundwater flow and at a lower elevation 
resulting in the standing perched water.  In general, the perched water samples collected 
detected higher concentrations of PFAS compared to their neighboring surface water bodies. 
Upgradient from Site E01-BC01 is Site E02-BC01, which detected high PFAS concentrations in 
the shallow soil samples, ranging from 68 to 101 µg/Kg.  The Wixom Sites tested for surface 
and perched water resulted in PFAS concentrations from highest to lowest in the following 



Evaluation of Wixom Wastewater Treatment Plant (WWTP) 
Biosolid Land Application 
Sites 02N05E01-BC01 & BC02, 02N05E02-BC01 &  
AG01 03N06E04-JW01 & JW05 
 

 
  

Project number: 60588767 

 

 
Prepared for:  Michigan Department of Environment, Great Lakes, and Energy   
 

AECOM 
19 

 

order: E01-BC01, AG01, E02-BC01, E01-BC02, JW01 and lastly JW05.  This order of PFAS 
detection in the surface and perched water samples is similar to the detection of PFAS in soil 
samples in the Sites, showing a correlation between surface soil and runoff into surface water 
bodies and standing perched water. 

The environmental impact on the surface waters from all land-application of biosolids, 
specifically at Sites E01-BC01, E01-BC02, E02-BC01 and AG01, does show a high impact of 
PFOA and PFOS concentrations with detentions that are above Rule 57 WQS. 

11.3 Groundwater 
A total of six (6) wells were installed as shallow and deep pairs at three (3) locations with four 
(4) wells BC01-MW1 (S, D) and BC01-MW3 (S, D) at Site E01-BC01, and two (2) wells  
BC02-MW1 (S, D) at Site E01-BC02.  A total of six (6) groundwater samples were collected at 
Sites E01-BC01 and E01-BC02 from all permanent monitoring wells (Figure 2a).  

The highest total PFAS concentration of 187 ng/L was identified at Site E01-BC01 in well BC01-
MW2S. Well BC01-MW2S is screened from 20 to 25 ft bgs, under a confining layer of clay, with 
shallow groundwater at approximately 20 ft bgs.  Four (4) of the six (6) groundwater wells did 
not detect PFAS in the groundwater samples.  The two (2) monitoring wells with PFAS 
detections were shallow monitoring wells, BC01-MW2S, and BC02-MW1S.  The monitoring well 
BC02-MW1S detected a low concentration of 8.75 ng/L. 

The attached boring logs from Appendix A show intervals of shallow clay throughout Sites  
E01-BC01 and E01-BC02.  Short-chain PFAS such as PFBA and PFBS are more mobile in the 
environment and were detected in the shallow wells, suggesting that shallow silt and clay can 
prevent the migration of long-chain PFAS such as PFOA and PFOS.  All monitoring well and 
residential well samples collected did not report values of PFOS and PFOA above detection 
limits.  Therefore, there likely is a stronger correlation of increased PFAS concentrations based 
on lithology on-site, rather than depth.  Short-chain PFAS may still be present at very low 
concentrations below the detection limit in the solid phase (i.e., biosolids and soil) and be 
detected in the aqueous phase (i.e., surface water and groundwater) even when they are  
non-detected in the solid phase, due to a much lower detection limit for PFAS in the aqueous 
phase compared to the solid phase.   

The groundwater at Sites E01-BC01, E01-BC02, E02-BC01, AG01, JW01 and JW05 showed a 
low impact of short and long-chain PFAS, with no exceedance of the Part 201 DWC.  Based on 
the regional groundwater flow, location of residential wells in the area, and minimal PFAS 
concentrations identified in the deep monitoring wells, there does not appear to be a potential 
risk to the drinking water wells.
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Table 1b
Parcel ID: 02N05E02-AG01
Biosolids Application Data

Year Site ID
Dry Ton (dT) 
Land Applied

Acres Used
Acres 

Approved
Dry Tons 

(dT) / Acre
Dates

2015 02N05E02-AG01 87.94 50 120 1.76 8/7 - 8/8/15, 8/10 - 8/12/15

2013 02N05E02-AG01 50.68 27 120 1.87 10/1/12, 8/16 - 8/17/13

2012 02N05E02-AG01 171.20 114 120 1.5 12/20 - 12/21/11, 12/28/11, 9/25 - 9/28/12

2011 02N05E02-AG01 75.16 30 120 2.51 5/5 - 5/6/11, 5/10/11

2010 02N05E02-AG01 102.85 60 120 1.71 5/27 - 5/28/10, 6/2/10, 6/14 - 6/15/10

487.83 1.87

dT = dry tons

Total dry tons:
Average application rate 

(dry tons/acre):



Table 1c
Parcel ID: 03N06E04-JW01 and 03N06E04-JW05

Biosolids Application Data

Year Site ID
Dry Ton (dT) 
Land Applied

Acres Used
Acres 

Approved
Dry Tons 

(dT) / Acre
Dates

2000 03N06E04-JW01 13.05 24 24 0.54 4/7/00, 4/17 - 4/18/00, 2/4/00, 2/7/00

1998 03N06E04-JW01 46.56 24 24 1.94 5/19 - 5/20/98

1997 03N06E04-JW01 92.40 24 24 3.85 10/2 - 10/3/96, 10/7 - 10/9/96

1995 03N06E04-JW01 90.48 24 24 3.77 6/14 - 6/16/95, 6/19 - 6/21/95

242.49 2.53

2001
03N06E04-JW05, 

reported as 04N06E33-
JW05

23.4 13 13 1.8 1/8 - 1/10/01

2000
03N06E04-JW05, 

reported as 04N06E33-
JW05

22.91 13 1/27 - 1/31/00

2000 03N06E04-JW05 25.38 13 13 2.15 2/1 - 2/3/00

1997 03N06E04-JW05 52.26 13 13 4.02 10/14 - 10/16/96

1995 03N06E04-JW05 63.83 13 13 4.91 6/7 - 6/10/95, 6/12 - 6/13/95

187.8 3.22

dT = dry tons

Total dry tons:
Average application rate 

(dry tons/acre):

Total dry tons:
Average application rate 

(dry tons/acre):



Table 2
Parcel ID: 02N05E01-BC01, 02N05E01-BC02, 02N05E02-BC01, 02N05E02-AG01, 03N06E04-JW01 and 03N06E04-JW05

Soil PFAS Analytical Results Summary

Soil Sample Sample Date Site Code Sampling Depth Total PFAS PFBA PFPeA PFHxA PFHpA PFOA PFNA PFDA PFUnDA PFDoDA PFTrDA PFTeDA PFBS PFPeS PFHxS PFHpS PFOS PFNS PFDS FOSA 4:2 FTSA 6:2 FTSA 8:2 FTSA EtFOSAA MeFOSAA TOC

SXDU11904111530MK 4/11/2019 E01_BC01-DU1 6-8" 19.9 < 0.839 0.943 < 0.839 < 0.839 < 0.839 < 0.839 0.983 < 0.839 < 0.839 < 0.839 < 0.839 < 0.839 < 0.839 < 0.839 < 0.839 18.0 < 0.839 < 0.839 < 0.839 < 0.839 < 0.839 < 0.839 < 0.839 < 0.839 7800

SXDU21904111450MK 4/11/2019 E01_BC01-DU2 6-8" 23.5 < 0.844 < 0.844 < 0.844 < 0.844 < 0.844 < 0.844 < 0.844 < 0.844 < 0.844 < 0.844 < 0.844 < 0.844 < 0.844 < 0.844 < 0.844 23.5 < 0.844 < 0.844 < 0.844 < 0.844 < 0.844 < 0.844 < 0.844 < 0.844 11000

SXDU21904111455MK-DUP 4/11/2019 E01_BC01-DU2 6-8" 26.5 < 0.840 < 0.840 < 0.840 < 0.840 < 0.840 < 0.840 < 0.840 < 0.840 < 0.840 < 0.840 < 0.840 < 0.840 < 0.840 < 0.840 < 0.840 26.5 < 0.840 < 0.840 < 0.840 < 0.840 < 0.840 < 0.840 < 0.840 < 0.840 12000

SXDU31904111405MK 4/11/2019  E01_BC01-DU3 6-8" 19.6 < 0.805 < 0.805 < 0.805 < 0.805 < 0.805 < 0.805 < 0.805 < 0.805 < 0.805 < 0.805 < 0.805 < 0.805 < 0.805 < 0.805 < 0.805 19.6 < 0.805 < 0.805 < 0.805 < 0.805 < 0.805 < 0.805 < 0.805 < 0.805 10000

SXDU11904111655MK 4/11/2019 E01_BC02-DU1 6-8" 30.7 < 0.843 < 0.843 < 0.843 < 0.843 < 0.843 < 0.843 < 0.843 < 0.843 < 0.843 < 0.843 < 0.843 < 0.843 < 0.843 < 0.843 < 0.843 28.4 < 0.843 2.29 < 0.843 < 0.843 < 0.843 < 0.843 < 0.843 < 0.843 7800

SXDU21904111615MK 4/11/2019 E01_BC02-DU2 6-8" 35.5 < 0.839 < 0.839 < 0.839 < 0.839 < 0.839 < 0.839 < 0.839 < 0.839 < 0.839 < 0.839 < 0.839 < 0.839 < 0.839 < 0.839 < 0.839 33.5 < 0.839 2.03 < 0.839 < 0.839 < 0.839 < 0.839 < 0.839 < 0.839 10000

SB1911071345LEM 11/7/2019 E02_BC01-DU1-A 6-8" 101 < 0.421 0.822 0.430 < 0.421 1.44 0.510 1.03 < 0.421 < 0.421 < 0.421 < 0.421 0.498 < 0.421 < 0.421 < 0.421 96.7 < 0.421 < 0.421 < 0.421 < 0.421 < 0.421 < 0.421 < 0.421 < 0.421  --

SB1911071350LEM 11/7/2019 E02_BC01-DU1-B 0-12" 99.0 < 0.422 0.771 0.465 < 0.422 1.19 < 0.422 1.30 < 0.422 < 0.422 < 0.422 < 0.422 0.526 < 0.422 < 0.422 < 0.422 94.1 < 0.422 < 0.422 < 0.422 < 0.422 < 0.422 < 0.422 < 0.422 0.667  --

SB1911071355LEM 11/7/2019 E02_BC01-DU1-C 0-12" ISM 80.2 < 0.424 0.830 0.448 < 0.424 1.38 < 0.424 1.30 < 0.424 < 0.424 < 0.424 < 0.424 0.531 < 0.424 < 0.424 < 0.424 75.7 < 0.424 < 0.424 < 0.424 < 0.424 < 0.424 < 0.424 < 0.424 < 0.424  --

SB1911071205LEM 11/7/2019 E02_BC01-DU2-A 6-8" 68.3 < 0.423 0.787 0.567 < 0.423 1.53 < 0.423 1.19 < 0.423 < 0.423 < 0.423 < 0.423 0.654 < 0.423 < 0.423 < 0.423 63.6 < 0.423 < 0.423 < 0.423 < 0.423 < 0.423 < 0.423 < 0.423 < 0.423  --

SB1911071210LEM 11/7/2019 E02_BC01-DU2-B 0-12" 74.2 < 0.422 0.609 < 0.422 < 0.422 1.05 < 0.422 1.02 < 0.422 < 0.422 < 0.422 < 0.422 0.580 < 0.422 < 0.422 < 0.422 70.9 < 0.422 < 0.422 < 0.422 < 0.422 < 0.422 < 0.422 < 0.422 < 0.422  --

SB1911071215LEM 11/7/2019 E02_BC01-DU2-C 0-12" ISM 67.5 < 0.424 0.624 0.503 < 0.424 1.24 < 0.424 0.908 < 0.424 < 0.424 < 0.424 < 0.424 0.481 < 0.424 < 0.424 < 0.424 63.7 < 0.424 < 0.424 < 0.424 < 0.424 < 0.424 < 0.424 < 0.424 < 0.424  --

SB1911071515LEM 11/7/2019 AG01 0-12" 7.59 < 0.424 < 0.424 < 0.424 < 0.424 < 0.424 < 0.424 < 0.424 < 0.424 < 0.424 < 0.424 < 0.424 < 0.424 < 0.424 < 0.424 < 0.424 7.59 < 0.424 < 0.424 < 0.424 < 0.424 < 0.424 < 0.424 < 0.424 < 0.424  --

SB1911071550LEM 11/7/2019 AG01 0-12" 14.5 < 0.426 < 0.426 < 0.426 < 0.426 0.434 < 0.426 < 0.426 < 0.426 < 0.426 < 0.426 < 0.426 < 0.426 < 0.426 < 0.426 < 0.426 14.1 < 0.426 < 0.426 < 0.426 < 0.426 < 0.426 < 0.426 < 0.426 < 0.426  --

SXDU11904111220MK 4/11/2019 JW01-DU1 6-8" 6.37 < 0.825 < 0.825 < 0.825 < 0.825 < 0.825 < 0.825 < 0.825 < 0.825 < 0.825 < 0.825 < 0.825 < 0.825 < 0.825 < 0.825 < 0.825 3.39 < 0.825 2.98 < 0.825 < 0.825 < 0.825 < 0.825 < 0.825 < 0.825 5000

SXDU21904111125MK 4/11/2019 JW01-DU2 6-8" 6.18 < 0.828 < 0.828 < 0.828 < 0.828 < 0.828 < 0.828 < 0.828 < 0.828 < 0.828 < 0.828 < 0.828 < 0.828 < 0.828 < 0.828 < 0.828 4.18 < 0.828 2.00 < 0.828 < 0.828 < 0.828 < 0.828 < 0.828 < 0.828 11000

SXDU21904111130MK-DUP 4/11/2019 JW01-DU2 6-8" 10.9 < 0.849 < 0.849 < 0.849 < 0.849 < 0.849 < 0.849 0.895 < 0.849 < 0.849 < 0.849 < 0.849 < 0.849 < 0.849 < 0.849 < 0.849 5.71 < 0.849 4.28 < 0.849 < 0.849 < 0.849 < 0.849 < 0.849 < 0.849 11000

SXDU11904111040MK 4/11/2019 JW05-DU1 6-8" 3.75 < 0.816 < 0.816 < 0.816 < 0.816 < 0.816 < 0.816 < 0.816 < 0.816 < 0.816 < 0.816 < 0.816 < 0.816 < 0.816 < 0.816 < 0.816 2.85 < 0.816 0.896 ND < 0.816 < 0.816 < 0.816 < 0.816 < 0.816 11000

SXDU21904110945MK 4/11/2019 JW05-DU2 6-8" 2.48 < 0.818 < 0.818 < 0.818 < 0.818 < 0.818 < 0.818 < 0.818 < 0.818 < 0.818 < 0.818 < 0.818 < 0.818 < 0.818 < 0.818 < 0.818 2.48 < 0.818 < 0.818 < 0.818 < 0.818 < 0.818 < 0.818 < 0.818 < 0.818 17000

TOC = Total Organic Carbon Perfluoroalkyl Carboxylic Acids (PFCAs)        PFBA = Perfluorobutanoic acid       PFDA = Perfluorodecanoic acid PFODA = Perfluoro-n-octadecanoic acid FOSA = Perfluorooctane sulfonamide 

Soil concentrations are reported as ug/Kg or parts per billion (ppb) Perfluoroalkane Sulfonic Acids (PFSAs)        PFPeA = Perfluoropentanoic acid       PFUnDA = Perfluoroundecanoic acid PFBS = Perfluorobutane sulfonic acid 4:2 FTSA = 4:2 Fluorotelomer sulfonic acid

TOC concentrations are reported as mg/Kg or parts per million (ppm) Perfluoroalkane Sulfonamides (FASAs )        PFHxA = Perfluorohexanoic acid       PFDoDA = Perfluorododecanoic acid PFHxS = Perfluorohexane sulfonic acid 6:2 FTSA = 4:2 Fluorotelomer sulfonic acid

"<" = Values Below Detection Limit (DL) Fluorotelomer Sulfonic Acids (FTSAs)        PFHpA = Perfluoroheptanoic acid       PFTrDA  = Perfluorotridecanoic acid PFHpS = Perfluoroheptane sulfonic acid 8:2 FTSA = 4:2 Fluorotelomer sulfonic acid

"--" = Not analyzed N-Ethyl Perfluoroalkane Sulfonamidoacetic Acids (EtFASAAs )        PFOA = Perfluorooctanoic acid       PFTeDA = Perfluorotetradecanoic acid PFOS = Perfluorooctane sulfonic acid EtFOSAA = N-Ethyl perfluorooctane sulfonamidoacetic acid

Bolded values indicate detection N-Methyl Perfluoroalkane Sulfonamidoacetic Acids (MeFASAAs )        PFNA = Perfluorononanoic acid       PFHxDA = Perfluorohexadecanoic acid PFDS = Perfluorodecane sulfonic acid MeFOSAA = N-Methyl perfluorooctane sulfonamidoacetic acid



Table 3
Parcel ID: 02N05E01-BC01, 02N05E01-BC02, 02N05E02-BC01, 02N05E02-AG01, 03N06E04-JW01 and 03N06E04-JW05

Surface Water PFAS Analytical Results Summary

Surface Water Sample Sample Date Site Code Total PFAS PFBA PFPeA PFHxA PFHpA PFOA PFNA PFDA PFUnDA PFDoDA PFTrDA PFTeDA PFBS PFPeS PFHxS PFHpS PFOS PFNS PFDS FOSA 4:2 FTSA 6:2 FTSA 8:2 FTSA EtFOSAA MeFOSAA

PEW011904111510RL 4/11/2019 E01-BC01-PEW1 968 53.1 91.2 90.5 40.1 37.7 6.31 < 1.56 < 1.56 < 1.56 < 1.56 < 1.56 108 < 1.56 5.81 2.28 533 < 1.56 < 1.56 < 1.56 < 1.56 < 1.56 < 1.56 < 1.56 < 1.56

PEW021904111515RL 4/11/2019 E01-BC01-PEW2 818 49.9 89.8 82.2 36.2 38.6 4.73 < 1.54 < 1.54 < 1.54 < 1.54 < 1.54 109 < 1.54 4.62 1.70 401 < 1.54 < 1.54 < 1.54 < 1.54 < 1.54 < 1.54 < 1.54 < 1.54

PEW031904111525RL 4/11/2019 E01-BC01-PEW3 952 95.6 171 153 57.6 45.0 3.64 < 1.61 < 1.61 < 1.61 < 1.61 < 1.61 173 < 1.61 7.27 < 1.61 246 < 1.61 < 1.61 < 1.61 < 1.61 < 1.61 < 1.61 < 1.61 < 1.61

SW011904111355RL 4/11/2019 E01-BC01-SW1 386 55.8 84.1 78.3 29.6 11.7 < 1.64 < 1.64 < 1.64 < 1.64 < 1.64 < 1.64 73.7 < 1.64 3.58 < 1.64 49.7 < 1.64 < 1.64 < 1.64 < 1.64 < 1.64 < 1.64 < 1.64 < 1.64

SW011904111400RL-DUP 4/11/2019 E01-BC01-SW1 392 57.0 86.9 78.0 29.3 12.0 < 1.61 < 1.61 < 1.61 < 1.61 < 1.61 < 1.61 75.4 < 1.61 3.04 < 1.61 50.7 < 1.61 < 1.61 < 1.61 < 1.61 < 1.61 < 1.61 < 1.61 < 1.61

SW021904111345RL 4/11/2019 E01-BC01-SW2 86.0 9.90 9.36 9.18 4.94 5.84 < 1.50 < 1.50 < 1.50 < 1.50 < 1.50 < 1.50 8.37 < 1.50 < 1.50 < 1.50 38.4 < 1.50 < 1.50 < 1.50 < 1.50 < 1.50 < 1.50 < 1.50 < 1.50

PEW011904111640RL 4/11/2019 E01-BC02-PEW1 36.8 7.27 < 1.49 2.95 2.52 3.11 < 1.49 < 1.49 < 1.49 < 1.49 < 1.49 < 1.49 4.56 < 1.49 < 1.49 < 1.49 16.4 < 1.49 < 1.49 < 1.49 < 1.49 < 1.49 < 1.49 < 1.49 < 1.49

PEW021904111615RL 4/11/2019 E01-BC02-PEW2 86.0 6.73 4.72 4.42 2.74 3.97 < 1.53 < 1.53 < 1.53 < 1.53 < 1.53 < 1.53 6.24 < 1.53 < 1.53 < 1.53 57.2 < 1.53 < 1.53 < 1.53 < 1.53 < 1.53 < 1.53 < 1.53 < 1.53

SW1911061235LEM 11/6/2019 E02-BC01-SW1 226 13.0 18.2 13.8 6.1 13.9 < 1.47 < 1.47 < 1.47 < 1.47 < 1.47 < 1.47 99.1 < 1.47 1.70 < 1.47 60.4 < 1.47 < 1.47 < 1.47 < 1.47 < 1.47 < 1.47 < 1.47 < 1.47

SW1911061245LEM 11/6/2019 E02-BC01-PEW1 297 8.62 11.7 10.6 4.56 13.9 2.03 2.25 < 1.48 < 1.48 < 1.48 < 1.48 50.1 < 1.48 1.91 < 1.48 191 < 1.48 < 1.48 < 1.48 < 1.48 < 1.48 < 1.48 < 1.48 < 1.48

SW1911061100LEM 11/6/2019 AG01-PEW1 422 14.5 39.7 38.9 17.7 57.3 6.43 5.95 < 1.44 < 1.44 < 1.44 < 1.44 73.3 < 1.44 7.73 1.49 159 < 1.44 < 1.44 < 1.44 < 1.44 < 1.44 < 1.44 < 1.44 < 1.44

SW1911061135LEM 11/6/2019 AG01-PEW2 551 27.3 76.4 68.3 21.9 64.4 7.17 3.75 < 1.47 < 1.47 < 1.47 < 1.47 154 < 1.47 7.76 < 1.47 120 < 1.47 < 1.47 < 1.47 < 1.47 < 1.47 < 1.47 < 1.47 < 1.47

SW1911061155LEM 11/6/2019 AG01-SW1 12.0 5.40 1.62 1.45 < 1.44 < 1.44 < 1.44 < 1.44 < 1.44 < 1.44 < 1.44 < 1.44 2.00 < 1.44 < 1.44 < 1.44 1.56 < 1.44 < 1.44 < 1.44 < 1.44 < 1.44 < 1.44 < 1.44 < 1.44

PEW011904111015RL 4/11/2019 JW01-PEW1 59.0 16.1 12.3 11.9 7.06 6.14 < 1.47 < 1.47 < 1.47 < 1.47 < 1.47 < 1.47 2.75 < 1.47 2.75 < 1.47 < 1.47 < 1.47 < 1.47 < 1.47 < 1.47 < 1.47 < 1.47 < 1.47 < 1.47

PEW021904111210RL 4/11/2019 JW01-PEW2 17.5 5.35 1.72 1.94 < 1.42 1.62 < 1.42 < 1.42 < 1.42 < 1.42 < 1.42 < 1.42 4.92 < 1.42 < 1.42 < 1.42 1.90 < 1.42 < 1.42 < 1.42 < 1.42 < 1.42 < 1.42 < 1.42 < 1.42

SW011904111220RL 4/11/2019 JW01-SW1 9.43 5.29 2.20 1.94 < 1.49 < 1.49 < 1.49 < 1.49 < 1.49 < 1.49 < 1.49 < 1.49 < 1.49 < 1.49 < 1.49 < 1.49 < 1.49 < 1.49 < 1.49 < 1.49 < 1.49 < 1.49 < 1.49 < 1.49 < 1.49

SW031904110940RL 4/11/2019 JW05-SW3 4.40 2.73 < 1.54 < 1.54 < 1.54 < 1.54 < 1.54 < 1.54 < 1.54 < 1.54 < 1.54 < 1.54 1.67 < 1.54 < 1.54 < 1.54 < 1.54 < 1.54 < 1.54 < 1.54 < 1.54 < 1.54 < 1.54 < 1.54 < 1.54

TD011904111225RL 4/11/2019 JW01-TD01 50.0 4.55 4.24 4.46 2.13 5.98 < 1.49 < 1.49 < 1.49 < 1.49 < 1.49 < 1.49 2.62 < 1.49 8.42 < 1.49 17.6 < 1.49 < 1.49 < 1.49 < 1.49 < 1.49 < 1.49 < 1.49 < 1.49

All values are in nanograms per liter (ng/L ) or parts per trillion (ppt ) Perfluoroalkyl Carboxylic Acids (PFCAs) PFBA = Perfluorobutanoic acid PFDA = Perfluorodecanoic acid PFPeS = Perfluoropentane sulfonic acid FOSA = Perfluorooctane sulfonamide 
"<" = Values Below Detection Limit (DL) Perfluoroalkane Sulfonic Acids (PFSAs) PFPeA = Perfluoropentanoic acid PFUnDA = Perfluoroundecanoic acid PFHxS = Perfluorohexane sulfonic acid 4:2 FTSA = 4:2 Fluorotelomer sulfonic acid
Bolded values indicate detection Perfluoroalkane Sulfonamides (FASAs ) PFHxA = Perfluorohexanoic acid PFDoDA = Perfluorododecanoic acid PFHpS = Perfluoroheptane sulfonic acid 6:2 FTSA = 4:2 Fluorotelomer sulfonic acid

Fluorotelomer Sulfonic Acids (FTSAs) PFHpA = Perfluoroheptanoic acid PFTrDA  = Perfluorotridecanoic acid PFOS = Perfluorooctane sulfonic acid 8:2 FTSA = 4:2 Fluorotelomer sulfonic acid
N-Ethyl Perfluoroalkane Sulfonamidoacetic Acids (EtFASAAs ) PFOA = Perfluorooctanoic acid PFTeDA = Perfluorotetradecanoic acid PFNS = Perfluorononane sulfonic acid EtFOSAA = N-Ethyl perfluorooctane sulfonamidoacetic acid
N-Methyl Perfluoroalkane Sulfonamidoacetic Acids (MeFASAAs ) PFNA = Perfluorononanoic acid PFBS = Perfluorobutane sulfonic acid PFDS = Perfluorodecane sulfonic acid MeFOSAA = N-Methyl perfluorooctane sulfonamidoacetic acid

Rule 57 Water Quality Standards (WQS) (ng/L)
PFOA PFOS

# Concentration exceeds Rule 57 WQS: HNV
Final Chronic Value (FCV) 880,000 140,000 # Concentration exceeds Rule 57 WQS: FCV and HNV
Final Acute Value (FAV) 15,000,000 1,600,000 # Concentration exceeds Rule 57 WQS: FAV, FCV and HNV 
Aquatic Maximum Value (AMV) 7,700,000 780,000 # Concentration exceeds Rule 57 WQS: AMV, FAV, FCV and HNV 

Human Noncancer Value (HNV)
(non-drinking water source)

12,000 12



Table 4
Parcel ID: 02N05E01-BC01 and 02N05E01-BC02

Groundwater, Residential, and Livestock Well PFAS Analytical Results Summary

Groundwater Sample Sample Date Site Code Total PFAS PFBA PFPeA PFHxA PFHpA PFOA PFNA PFDA PFUnDA PFDoDA PFTrDA PFTeDA PFBS PFPeS PFHxS PFHpS PFOS PFNS PFDS FOSA 4:2 FTSA 6:2 FTSA 8:2 FTSA EtFOSAA MeFOSAA

GW1909031115SK 9/3/2019 BC01-MW1S < 1.33 < 1.33 < 1.33 < 1.33 < 1.33 < 1.33 < 1.33 < 1.33 < 1.33 < 1.33 < 1.33 < 1.33 < 1.33 < 1.33 < 1.33 < 1.33 < 1.33 < 1.33 < 1.33 < 1.33 < 1.33 < 1.33 < 1.33 < 1.33 < 1.33

GW1909030955SK 9/3/2019 BC01-MW1D < 1.36 < 1.36 < 1.36 < 1.36 < 1.36 < 1.36 < 1.36 < 1.36 < 1.36 < 1.36 < 1.36 < 1.36 < 1.36 < 1.36 < 1.36 < 1.36 < 1.36 < 1.36 < 1.36 < 1.36 < 1.36 < 1.36 < 1.36 < 1.36 < 1.36

GW1909041220SK 9/4/2019 BC01-MW2S 188 14.4 3.39 10.9 < 1.35 < 1.35 < 1.35 < 1.35 < 1.35 < 1.35 < 1.35 < 1.35 156 < 1.35 2.87 < 1.35 < 1.35 < 1.35 < 1.35 < 1.35 < 1.35 < 1.35 < 1.35 < 1.35 < 1.35

GW1909041130SK 9/4/2019 BC01-MW2D < 1.31 < 1.31 < 1.31 < 1.31 < 1.31 < 1.31 < 1.31 < 1.31 < 1.31 < 1.31 < 1.31 < 1.31 < 1.31 < 1.31 < 1.31 < 1.31 < 1.31 < 1.31 < 1.31 < 1.31 < 1.31 < 1.31 < 1.31 < 1.31 < 1.31

GW1909031245SK 9/3/2019 BC02-MW1S 8.75 < 1.45 < 1.45 < 1.45 < 1.45 < 1.45 < 1.45 < 1.45 < 1.45 < 1.45 < 1.45 < 1.45 8.75 < 1.45 < 1.45 < 1.45 < 1.45 < 1.45 < 1.45 < 1.45 < 1.45 < 1.45 < 1.45 < 1.45 < 1.45

GW1909040925SK 9/4/2019 BC02-MW1D < 1.42 < 1.42 < 1.42 < 1.42 < 1.42 < 1.42 < 1.42 < 1.42 < 1.42 < 1.42 < 1.42 < 1.42 < 1.42 < 1.42 < 1.42 < 1.42 < 1.42 < 1.42 < 1.42 < 1.42 < 1.42 < 1.42 < 1.42 < 1.42 < 1.42

FD1909040930SK 9/4/2019 BC02-MW1D < 1.36 < 1.36 < 1.36 < 1.36 < 1.36 < 1.36 < 1.36 < 1.36 < 1.36 < 1.36 < 1.36 < 1.36 < 1.36 < 1.36 < 1.36 < 1.36 < 1.36 < 1.36 < 1.36 < 1.36 < 1.36 < 1.36 < 1.36 < 1.36 < 1.36

WR1911060935LEM 11/6/2019 Resident 1 < 4  --  -- < 2 < 2 < 2 < 2 < 2 < 4 < 4 < 4 < 4 < 2  -- < 2  -- < 2  --  --  --  --  --  -- < 4 < 4

WT1911061255LEM 11/6/2019 Resident 2 < 4  --  -- < 2 < 2 < 2 < 2 < 2 < 4 < 4 < 4 < 4 < 2  -- < 2  -- < 2  --  --  --  --  --  -- < 4 < 4

WT1911071000LEM 11/7/2019 Resident 3 < 4  --  -- < 2 < 2 < 2 < 2 < 2 < 4 < 4 < 4 < 4 < 2  -- < 2  -- < 2  --  --  --  --  --  -- < 4 < 4

WT1911071015LEM 11/7/2019 Resident 4 < 4  --  -- < 2 < 2 < 2 < 2 < 2 < 4 < 4 < 4 < 4 < 2  -- < 2  -- < 2  --  --  --  --  --  -- < 4 < 4

WT1911061000LEM 11/6/2019 Livestock Well < 4  --  -- < 2 < 2 < 2 < 2 < 2 < 4 < 4 < 4 < 4 < 2  -- < 2  -- < 2  --  --  --  --  --  -- < 4 < 4

All values are in nanograms per liter (ng/L ) or parts per trillion (ppt ) Perfluoroalkyl Carboxylic Acids (PFCAs)    PFBA = Perfluorobutanoic acid PFDA = Perfluorodecanoic acid PFPeS = Perfluoropentane sulfonic acid FOSA = Perfluorooctane sulfonamide 
"<" = Values Below Detection Limit (DL) Perfluoroalkane Sulfonic Acids (PFSAs)    PFPeA = Perfluoropentanoic acid PFUnDA = Perfluoroundecanoic acid PFHxS = Perfluorohexane sulfonic acid 4:2 FTSA = 4:2 Fluorotelomer sulfonic acid
"--" = Not analyzed Perfluoroalkane Sulfonamides (FASAs )    PFHxA = Perfluorohexanoic acid PFDoDA = Perfluorododecanoic acid PFHpS = Perfluoroheptane sulfonic acid 6:2 FTSA = 4:2 Fluorotelomer sulfonic acid
Bolded values indicate detection Fluorotelomer Sulfonic Acids (FTSAs)    PFHpA = Perfluoroheptanoic acid PFTrDA  = Perfluorotridecanoic acid PFOS = Perfluorooctane sulfonic acid 8:2 FTSA = 4:2 Fluorotelomer sulfonic acid

N-Ethyl Perfluoroalkane Sulfonamidoacetic Acids (EtFASAAs )    PFOA = Perfluorooctanoic acid PFTeDA = Perfluorotetradecanoic acid PFNS = Perfluorononane sulfonic acid EtFOSAA = N-Ethyl perfluorooctane sulfonamidoacetic acid
EGLE Part 201 Drinking Water Criteria (DWC) (ng/L) N-Methyl Perfluoroalkane Sulfonamidoacetic Acids (MeFASAAs )    PFNA = Perfluorononanoic acid PFBS = Perfluorobutane sulfonic acid PFDS = Perfluorodecane sulfonic acid MeFOSAA = N-Methyl perfluorooctane sulfonamidoacetic acid
PFOA = 8; PFOS = 16; PFNA =6; PFHxS=51
PFHxA = 400,000; PFBS = 420

# Concentration exceeds DWC criteria
EGLE Part 201 Groundwater Surfacewater Interface (GSI) Criteria (ng/L) # Concentration exceeds GSI criteria
(Surface water not used for drinking water - Non-drink) # Concentration exceeds both DWC and GSI criteria
PFOA = 12,000
PFOS = 12



Table 5
Parcel ID: 02N05E01-BC01 and 02N05E01-BC02

Stabilized Water Quality Parameters

DTW GW Elevation* Total PFAS Sample Screen Interval pH Conductivity Turbidity D.O Temperature ORP

(ft) (ft) (ng/L) (ft bgs) SU uS/cm NTU mg/L °C mV

BC01-MW1S E01-BC01 18.43 972.58 < 1.33 Poorly sorted coarse sand with gravel Well sorted medium sand Silt with fine sand 19-24 7.00 2090 0 0.13 14.1 -11.5

BC01-MW1D E01-BC01 19.53 971.59 < 1.36 Well sorted fine to medium sand Well sorted fine to medium sand, few gravel lenses Well sorted fine to medium sand 45-50 7.28 461 0 2.04 14.1 38.2

BC01-MW2S E01-BC01 21.91 972.71 188 Poorly sorted coarse sand with gravel Poorly sorted medium to coarse sand No Recovery 20-25 7.12 495 4 1.49 12.0 7.2

BC01-MW2D E01-BC01 22.05 972.70 < 1.31 Well sorted fine sand Well sorted medium to coarse sand Well sorted fine sand 45-50 7.17 496 4 0.12 11.8 -41.8

BC02-MW1S E01-BC02 14.05 971.81 8.75 No Recovery Well sorted medium sand Poorly sorted coarse sand with gravel 18-23 7.08 840 0 0.09 14.4 -7.3

BC02-MW1D E01-BC02 14.13 971.75 < 1.42 Well sorted medium sand Well sorted fine sand Well sorted medium sand 45-50 7.11 770 0 0.09 12.3 -88.0

ft = Feet DTW = Depth to water (from top of well casing)
bgs = Below ground surface GW = Groundwater
SU = Standard Unit D.O. = Dissolved Oxygen
uS/cm = Microseimens/centimeter ORP = Oxidation-Reduction Potential
NTU = Nephelometric Turbidity Units *GW Elevation based on estimated values using USGS 1-m Digital Elevation Model 
mg/L = Milligrams/Liter
°C = Degree Celcius
mV = Millivolt

Groundwater Monitoring Well ID Field Site Lithology Top Screen Lithology Middle Screen Lithology Bottom Screen



Table 6
Parcel ID:  02N05E01-BC01, 02N05E01-BC02, 02N05E02-BC01, 02N05E02-AG01, 03N06E04-JW01 and 03N06E04-JW05

PFAS and TOC Soil Analytical Results Summary

Soil Sample ID
Sample 

Date
Field Site

Depth       
(in bgs)

Total PFAS Total TOC Soil Survey Soil Survey Description

E01-BC01-DU1 4/11/2019 02N05E01-BC01 6-8" 19.9 7,800 MoA
Wawasee loam (0-2% slopes), landform:  Ground moraines, end moraines, Parent material: 
Calcareous loamy till

E01-BC01-DU2 4/11/2019 02N05E01-BC01 6-8" 23.5
11,000 (12,000 

Duplicate)
MoB

Wawasee loam (2-6% slopes), landform: Ground moraines, end moraines, Parent material: 
Calcareous loamy till 

E01-BC01-DU3 4/11/2019 02N05E01-BC01 6-8" 19.6 10,000 MoA
Wawasee loam (0-2% slopes), landform: Ground moraines, end moraines, Parent material: 
Calcareous loamy till

E01-BC02-DU1 4/11/2019 02N05E01-BC02 6-8" 30.7 7,800 MoB
Wawasee loam (2-6% slopes), landform: Ground moraines, end moraines, Parent material: 
Calcareous loamy till 

E01-BC02-DU2 4/11/2019 02N05E01-BC02 6-8" 35.5 10,000 MoA
Wawasee loam (0-2% slopes), landform: Ground moraines, end moraines, Parent material: 
Calcareous loamy till

E02-BC01-DU1-A 11/7/2019 02N05E02-BC01 6-8" 101 N/A MoA
Wawasee loam (0-2% slopes), landform: Ground moraines, end moraines, Parent material: 
Calcareous loamy till

E02-BC01-DU1-B 11/7/2019 02N05E02-BC01 0-12" 99.0 N/A MoA
Wawasee loam (0-2% slopes), landform: Ground moraines, end moraines, Parent material: 
Calcareous loamy till

E02-BC01-DU1-C 11/7/2019 02N05E02-BC01 0-12" ISM 80.2 N/A MoA
Wawasee loam (0-2% slopes), landform: Ground moraines, end moraines, Parent material: 
Calcareous loamy till

E02-BC01-DU2-A 11/7/2019 02N05E02-BC01 6-8" 68.3 N/A MoC
Wawasee loam (6-12% slopes), landform: Ground moraines, end moraines, Parent material: 
calcareous loamy till 

E02-BC01-DU2-B 11/7/2019 02N05E02-BC01 0-12" 74.2 N/A MoC
Wawasee loam (6-12% slopes), landform: Ground moraines, end moraines, Parent material: 
calcareous loamy till 

E02-BC01-DU2-C 11/7/2019 02N05E02-BC01 0-12" ISM 67.5 N/A MoC
Wawasee loam (6-12% slopes), landform: Ground moraines, end moraines, Parent material: 
calcareous loamy till 

AG01 11/7/2019 02N05E02-AG01 0-12" 7.59 N/A FrC
Fox-Boyer complex (6-12% slopes), landform: moraines, outwash plains, valley trains, Parent 
material: loamy over stratified sandy and gravelly glaciofluvial deposits

AG01 11/7/2019 02N05E02-AG01 0-12" 14.5 N/A FrC
Fox-Boyer complex (6-12% slopes), landform: moraines, outwash plains, valley trains, Parent 
material: loamy over stratified sandy and gravelly glaciofluvial deposits

JW01-DU1 4/11/2019 03N06E04-JW01 6-8" 6.37 5,000 MoB
Wawasee loam (2-6% slopes), landform: Ground moraines, end moraines, Parent material: 
Calcareous loamy till 

JW01-DU2 4/11/2019 03N06E04-JW01 6-8" 6.18
11,000 (11,000 

Duplicate)
CvraaB

Conover loam, Landform : Ground moraines, end moraines, Parent material: Loamy till over 
dense loamy till

JW05-DU1 4/11/2019 03N06E04-JW05 6-8" 3.75 11,000 MoB
Wawasee loam (2-6% slopes), landform: Ground moraines, end moraines, Parent material: 
Calcareous loamy till 

JW05-DU2 4/11/2019 03N06E04-JW05 6-8" 2.48 17,000 CvraaB
Conover loam, Landform : Ground moraines, end moraines, Parent material: Loamy till over 
dense loamy till

in bgs = Inches below ground surface MoA  = Wawasee loam (0-2% slopes)
ND = Non Detect MoB  = Wawasee loam (2-6% slopes)
TOC = Total Organic Carbon MoC  = Wawasee loam (6-12% slopes)
PFAS soil concentrations are reported as ug/Kg or ppb CvraaB  = Conover loam
TOC concentrations reported as ug/Kg or ppb FrC  = Fox-Boyer complex
N/A = Not Applicable/Not Analyzed





SITE LOCATION:

TOTAL DEPTH:FIELD BOREHOLE LOG
BOREHOLE NO:

PROJECT:

PROJECT NO.:

PROJECT MANAGER:

LOGGED BY:

PROJECT INFORMATION DRILLING INFORMATION

CONSTRUCTION

CREW CHIEF:

WELL
SOIL DESCRIPTION

A
T

T
E

M
P

T

S
A

M
P

LE
 T

Y
P

E

PID (ppm)

D
E

P
T

H

CREATED BY:

DRILLING METHOD:
DRILL RIG TYPE:

CONTRACTOR:

HOLE DIAMETER:

DATE START:

DATE END:

R
E

C
O

V
E

R
Y

U
S

C
S

S
O

IL
S

Y
M

B
O

LS

Page 1 of 4NOTES: Water level during drilling Water level in completed well

�

�

��

��

0

-1

-2

-3

-4

-5

-6

-7

-8

-9

-10

-11

-12

-13

-14

-15

60588767

Biosolid PFAS Study

Howell, MI

50'
BC01-MW1S

John Cuthbertson

Stanley Krenz

Mateco
Mitch Slachter

Direct Push/ 4.25'' Hollow Stem Auger
Geoprobe 7822DT

Stanley Krenz

6"

8/19/19

8/20/19

Bentonite Grout

2" PVC Riser

�����

��

��

��

��

��

��

��

10YR(4/3) SILT AND MEDIUM SAND, non plastic, sub rounded
grain, trace clay, 60% silt, 10% fine sand, 30% medium sand, trace
sub rounded fine gravel. Loose, trace clay and fine gravel.

10YR(5/4) CLAY, medium to high plasticity, sub rounded grain, 80%
clay, 10% silt, 10% fine sand, trace medium sand. Medium to high
plasticity, moist.

10YR(5/4) CLAY, medium plasticity, sub rounded grain, 70% clay,
10% silt, 20% fine sand, trace medium sand. Medium plasticity,
moist.

10YR(5/4) CLAY, low plasticity, sub rounded grain, 40% clay, 20%
silt, 20% fine sand, 20% medium sand, trace sub rounded to sub
angular fine gravel, trace coarse gravel. Medium plasticity, moist.

10YR(5/4) CLAY, low plasticity, sub rounded grain, 40% clay, 40%
silt, 10% fine sand, 10% medium sand, trace sub rounded fine gravel,
trace coarse gravel. Low plasticity, mottled with 10YR(6/2).

10YR(5/4) CLAY, low to non plastic, sub rounded grain, 80% clay,
10% silt, 5% fine sand, 5% sub rounded to sub angular fine gravel,
trace coarse gravel. Low plasticity, mottled with 10YR(6/2). Low to
non plastic, gravel range 5-13mm.

10YR(5/1) CLAY, low to non plastic, sub rounded grain, 80% clay,
10% silt, 5% fine sand, 5% sub rounded to sub angular fine gravel,
trace coarse gravel. Low plasticity, mottled with 10YR(6/2). Color
change 10YR(5/1).

10YR(5/4) CLAY, low to non plastic, sub rounded grain, 80% clay,
10% silt, 10% fine sand, trace sub rounded fine gravel. Moderately
compact, dry.
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10YR(6/1) CLAY, medium to high plasticity, sub rounded grain, 90%
clay, 10% silt, trace fine sand, trace medium sand, trace sub rounded
fine gravel, trace coarse gravel. Moderately compact, medium to
high plasticity, moist.

10YR(6/1) WELL SORTED FINE SAND WITH SILT, non plastic, sub
rounded grain, trace clay, 30% silt, 60% fine sand, 10% medium
sand, trace sub rounded fine gravel. Loose, saturated.

10YR(6/1) CLAY, high plasticity, 90% clay, 10% silt, moist.

10YR(5/4) POORLY SORTED COARSE SAND WITH GRAVEL, non
plastic, sub rounded grain, 10% fine sand, 25% medium sand, 50%
coarse sand, 10% sub rounded fine gravel, 5% coarse gravel. Loose,
wet, gravel range 6-12mm.

10YR(5/4) WELL SORTED MEDIUM SAND, non plastic, sub
rounded grain, trace silt, 20% fine sand, 75% medium sand, trace
coarse sand, 5% sub rounded fine gravel, trace coarse gravel.
Loose, saturated, gravel range 4-9mm.

10YR(6/1) SILT WITH FINE SAND, non plastic, sub rounded grain,
trace clay, 90% silt, 10% fine sand. Moderately compact, saturated.

10YR(6/1) SILT WITH FINE SAND, non plastic, sub rounded grain,
trace clay, 90% silt, 10% fine sand. Loose to moderately compact,
saturated.

10YR(6/1) WELL SORTED MEDIUM TO FINE SAND, non plastic,
sub rounded grain, trace silt, 40% fine sand, 60% medium sand.
Loose, wet.
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10YR(6/1) WELL SORTED FINE SAND WITH SILT, non plastic, sub
rounded grain, trace clay, 20% silt, 60% fine sand, 20% medium
sand. Loose, wet.

10YR(6/1) WELL SORTED SILT WITH FINE SAND, non plastic, sub
rounded grain, 80% silt, 20% fine sand. Moderately compact,
saturated.

10YR(6/1) WELL SORTED FINE SAND WITH SILT, non plastic, sub
rounded grain, 30% silt, 60% fine sand, 10% medium sand. Loose,
wet to saturated.

10YR(6/1) WELL SORTED SILT WITH FINE SAND, non plastic, sub
rounded grain, 80% silt, 20% fine sand. Moderately compact,
saturated.

10YR(6/1) WELL SORTED SILT WITH FINE SAND, non plastic, sub
rounded grain, trace clay, 90% silt, 10% fine sand. Moderately
compact, saturated.

10YR(6/1) WELL SORTED FINE SAND WITH SILT, non plastic, sub
rounded grain, 20% silt, 80% fine sand, trace fine gravel, trace
coarse gravel. Moderately compact, saturated, gravel range 6-9mm.

10YR(6/2) WELL SORTED MEDIUM TO FINE SAND, non plastic,
sub rounded grain, trace silt, 10% fine sand, 70% medium sand, 10%
coarse sand, 5% fine gravel, 5% coarse gravel. Loose, saturated,
gravel range 9-17mm.

10YR(6/2) WELL SORTED FINE SAND WITH SILT, non plastic, sub
rounded grain, 10% silt, 80% fine sand, 10% medium sand, trace fine
gravel, trace coarse gravel. Loose, saturated.

No Recovery.

10YR(6/1) WELL SORTED FINE TO MEDIUM SAND, non plastic,
sub rounded grain, 15% silt, 40% fine sand, 45% medium sand, trace
sub rounded to sub angular fine gravel, trace coarse gravel.
Moderately compact, wet, gravel range 4-19mm.



SITE LOCATION:

TOTAL DEPTH:FIELD BOREHOLE LOG
BOREHOLE NO:

PROJECT:

PROJECT NO.:

PROJECT MANAGER:

LOGGED BY:

PROJECT INFORMATION DRILLING INFORMATION

CONSTRUCTION

CREW CHIEF:

WELL
SOIL DESCRIPTION

A
T

T
E

M
P

T

S
A

M
P

LE
 T

Y
P

E

PID (ppm)

D
E

P
T

H

CREATED BY:

DRILLING METHOD:
DRILL RIG TYPE:

CONTRACTOR:

HOLE DIAMETER:

DATE START:

DATE END:

R
E

C
O

V
E

R
Y

U
S

C
S

S
O

IL
S

Y
M

B
O

LS

Page 4 of 4NOTES: Water level during drilling Water level in completed well

��

��

-45

-46

-47

-48

-49

-50

60588767

Biosolid PFAS Study

Howell, MI

50'
BC01-MW1S

John Cuthbertson

Stanley Krenz

Mateco
Mitch Slachter

Direct Push/ 4.25'' Hollow Stem Auger
Geoprobe 7822DT

Stanley Krenz

6"

8/19/19

8/20/19

��
��

10YR(6/1) WELL SORTED FINE TO MEDIUM SAND, non plastic,
sub rounded grain, 10% silt, 60% fine sand, 30% medium sand, trace
coarse gravel, trace fine gravel, trace coarse gravel. Moderately
compact, wet, @46' 3'' lens of coarse sand and gravel, gravel range
4-5mm. @47' 4'' lens of coarse sand and gravel, gravel range 8-
10mm.

End of boring.
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10YR(4/3) SILT AND MEDIUM SAND, non plastic, sub rounded
grain, trace clay, 60% silt, 10% fine sand, 30% medium sand, trace
sub rounded fine gravel. Loose, trace clay and fine gravel.

10YR(5/4) CLAY, medium to high plasticity, sub rounded grain, 80%
clay, 10% silt, 10% fine sand, trace medium sand. Medium to high
plasticity, moist.

10YR(5/4) CLAY, medium plasticity, sub rounded grain, 70% clay,
10% silt, 20% fine sand, trace medium sand. Medium plasticity,
moist.

10YR(5/4) CLAY, low plasticity, sub rounded grain, 40% clay, 20%
silt, 20% fine sand, 20% medium sand, trace sub rounded to sub
angular fine gravel, trace coarse gravel. Medium plasticity, moist.

10YR(5/4) CLAY, low plasticity, sub rounded grain, 40% clay, 40%
silt, 10% fine sand, 10% medium sand, trace sub rounded fine gravel,
trace coarse gravel. Low plasticity, mottled with 10YR(6/2).

10YR(5/4) CLAY, low to non plastic, sub rounded grain, 80% clay,
10% silt, 5% fine sand, 5% sub rounded to sub angular fine gravel,
trace coarse gravel. Low plasticity, mottled with 10YR(6/2). Low to
non plastic, gravel range 5-13mm.

10YR(5/1) CLAY, low to non plastic, sub rounded grain, 80% clay,
10% silt, 5% fine sand, 5% sub rounded to sub angular fine gravel,
trace coarse gravel. Low plasticity, mottled with 10YR(6/2). Color
change 10YR(5/1).

10YR(5/4) CLAY, low to non plastic, sub rounded grain, 80% clay,
10% silt, 10% fine sand, trace sub rounded fine gravel. Moderately
compact, dry.
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10YR(6/1) CLAY, medium to high plasticity, sub rounded grain, 90%
clay, 10% silt, trace fine sand, trace medium sand, trace sub rounded
fine gravel, trace coarse gravel. Moderately compact, medium to
high plasticity, moist.

10YR(6/1) WELL SORTED FINE SAND WITH SILT, non plastic, sub
rounded grain, trace clay, 30% silt, 60% fine sand, 10% medium
sand, trace sub rounded fine gravel. Loose, saturated.

10YR(6/1) CLAY, high plasticity, 90% clay, 10% silt, moist.

10YR(5/4) POORLY SORTED COARSE SAND WITH GRAVEL, non
plastic, sub rounded grain, 10% fine sand, 25% medium sand, 50%
coarse sand, 10% sub rounded fine gravel, 5% coarse gravel. Loose,
wet, gravel range 6-12mm.

10YR(5/4) WELL SORTED MEDIUM SAND, non plastic, sub
rounded grain, trace silt, 20% fine sand, 75% medium sand, trace
coarse sand, 5% sub rounded fine gravel, trace coarse gravel.
Loose, saturated, gravel range 4-9mm.

10YR(6/1) SILT WITH FINE SAND, non plastic, sub rounded grain,
trace clay, 90% silt, 10% fine sand. Moderately compact, saturated.

10YR(6/1) SILT WITH FINE SAND, non plastic, sub rounded grain,
trace clay, 90% silt, 10% fine sand. Loose to moderately compact,
saturated.

10YR(6/1) WELL SORTED MEDIUM TO FINE SAND, non plastic,
sub rounded grain, trace silt, 40% fine sand, 60% medium sand.
Loose, wet.
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10YR(6/1) WELL SORTED FINE SAND WITH SILT, non plastic, sub
rounded grain, trace clay, 20% silt, 60% fine sand, 20% medium
sand. Loose, wet.

10YR(6/1) WELL SORTED SILT WITH FINE SAND, non plastic, sub
rounded grain, 80% silt, 20% fine sand. Moderately compact,
saturated.

10YR(6/1) WELL SORTED FINE SAND WITH SILT, non plastic, sub
rounded grain, 30% silt, 60% fine sand, 10% medium sand. Loose,
wet to saturated.

10YR(6/1) WELL SORTED SILT WITH FINE SAND, non plastic, sub
rounded grain, 80% silt, 20% fine sand. Moderately compact,
saturated.

10YR(6/1) WELL SORTED SILT WITH FINE SAND, non plastic, sub
rounded grain, trace clay, 90% silt, 10% fine sand. Moderately
compact, saturated.

10YR(6/1) WELL SORTED FINE SAND WITH SILT, non plastic, sub
rounded grain, 20% silt, 80% fine sand, trace fine gravel, trace
coarse gravel. Moderately compact, saturated, gravel range 6-9mm.

10YR(6/2) WELL SORTED MEDIUM TO FINE SAND, non plastic,
sub rounded grain, trace silt, 10% fine sand, 70% medium sand, 10%
coarse sand, 5% fine gravel, 5% coarse gravel. Loose, saturated,
gravel range 9-17mm.

10YR(6/2) WELL SORTED FINE SAND WITH SILT, non plastic, sub
rounded grain, 10% silt, 80% fine sand, 10% medium sand, trace fine
gravel, trace coarse gravel. Loose, saturated.

No Recovery.

10YR(6/1) WELL SORTED FINE TO MEDIUM SAND, non plastic,
sub rounded grain, 15% silt, 40% fine sand, 45% medium sand, trace
sub rounded to sub angular fine gravel, trace coarse gravel.
Moderately compact, wet, gravel range 4-19mm.
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10YR(6/1) WELL SORTED FINE TO MEDIUM SAND, non plastic,
sub rounded grain, 10% silt, 60% fine sand, 30% medium sand, trace
coarse gravel, trace fine gravel, trace coarse gravel. Moderately
compact, wet, @46' 3'' lens of coarse sand and gravel, gravel range
4-5mm. @47' 4'' lens of coarse sand and gravel, gravel range 8-
10mm.

End of boring.
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10YR(3/3) CLAY AND SILT, non plastic, sub rounded grain, 70%
clay, 30% silt, trace fine sand, trace medium sand, trace sub rounded
fine gravel. Topsoil, loose, moist.

10YR(5/2) CLAY AND SILT, non plastic, sub rounded grain, 60%
clay, 30% silt, 10% fine sand, trace medium sand. Moderately
compact, wet at 3'.

10YR(5/4) CLAY, non plastic, sub rounded grain, 90% clay, 10% silt,
trace fine sand, trace sub rounded to sub angular fine gravel, trace
coarse gravel. Moderately stiff, moist, trace coarse gravel.

10YR(6/1) CLAY, medium plasticity, sub rounded grain, 90% clay,
10% silt, trace fine sand, trace sub rounded to sub angular coarse
gravel. Moderately stiff, moist.

10YR(6/1) WELL SORTED FINE TO MEDIUM SAND WITH CLAY,
non plastic, sub rounded grain, 40% clay, 10% silt, 25% fine sand,
25% medium sand. Moderately compact, dry.
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10YR(5/4) WELL SORTED MEDIUM TO COARSE SAND, non
plastic, sub rounded grain, 5% silt, 20% fine sand, 30% medium
sand, 35% coarse sand, 5% sub rounded fine gravel, 5% coarse
gravel. Loose, moist, gravel range 4-9mm.

No Recovery.

10YR(5/4) POORLY SORTED COARSE SAND WITH GRAVEL, non
plastic, sub rounded grain, trace silt, trace fine sand, 30% medium
sand, 50% coarse sand, 15% sub rounded fine gravel, 5% coarse
gravel. Loose, saturated, gravel range 8-15mm.

10YR(5/4) POORLY SORTED MEDIUM TO COARSE SAND, non
plastic, sub rounded grain, trace silt, 10% fine sand, 50% medium
sand, 40% coarse sand, trace sub rounded fine gravel. Loose,
saturated.

No Recovery.

10YR(5/4) POORLY SORTED MEDIUM TO COARSE SAND, non
plastic, sub rounded grain, trace silt, 10% fine sand, 60% medium
sand, 30% coarse sand. Loose, saturated.
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10YR(5/3) WELL SORTED MEDIUM SAND, non plastic, sub
rounded grain, trace silt, 20% fine sand, 60% medium sand, 20%
coarse sand. Loose, wet.

10YR(5/3) WELL SORTED MEDIUM TO COARSE SAND, non
plastic, sub rounded grain, trace silt, 10% fine sand, 50% medium
sand, 40% coarse sand. Loose, wet.

10YR(5/2) WELL SORTED FINE SAND, non plastic, sub rounded
grain, 25% silt, 75% fine sand, trace medium sand. Loose, wet.

10YR(6/1) POORLY SORTED GRAVEL, non plastic, sub rounded
grain, trace silt, trace fine sand, 20% medium sand, 40% coarse
sand, 20% sub rounded to sub angular fine gravel, 20% coarse
gravel. Loose, wet, gravel range 8-24mm.

10YR(6/1) POORLY SORTED PEBBLE GRAVEL, non plastic, sub
rounded grain, trace silt, trace fine sand, trace medium sand, 20%
coarse sand, 40% sub rounded to sub angular fine gravel, 40%
coarse gravel. Loose, wet, gravel range 38-50mm.

10YR(6/1) POORLY SORTED COARSE SAND, non plastic, sub
rounded grain, trace silt, 10% fine sand, 40% medium sand, 40%
coarse sand, 10% sub rounded to sub angular fine gravel, trace
coarse gravel. Loose, wet, gravel range 6-10mm.

No Recovery.

10YR(6/1) WELL SORTED FINE TO MEDIUM SAND, non plastic,
sub rounded grain, 20% silt, 50% fine sand, 30% medium sand, trace
coarse sand, trace sub rounded fine gravel. Loose, saturated.

10YR(6/1) WELL SORTED CLAY, non plastic, 80% clay, 20% silt,
trace sub rounded fine gravel. Moderately stiff, moist. Moderately
stiff, wet.

10YR(6/1) WELL SORTED FINE SAND, non plastic, sub rounded
grain, 20% silt, 80% fine sand. Loose, saturated.
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10YR(6/1) WELL SORTED FINE SAND, non plastic, sub rounded
grain, 10% silt, 10% fine sand, 70% medium sand, 10% coarse sand,
trace sub rounded fine gravel. Loose, wet.

10YR(6/1) WELL SORTED MEDIUM TO COARSE SAND, non
plastic, sub rounded grain, 5% silt, 5% fine sand, 40% medium sand,
50% coarse sand, trace sub rounded fine gravel, trace coarse gravel.
Loose, wet.

10YR(6/1) WELL SORTED FINE SAND, non plastic, sub rounded
grain, 20% silt, 80% fine sand. Loose, wet.



SITE LOCATION:

TOTAL DEPTH:FIELD BOREHOLE LOG
BOREHOLE NO:

PROJECT:

PROJECT NO.:

PROJECT MANAGER:

LOGGED BY:

PROJECT INFORMATION DRILLING INFORMATION

CONSTRUCTION

CREW CHIEF:

WELL
SOIL DESCRIPTION

A
T

T
E

M
P

T

S
A

M
P

LE
 T

Y
P

E

PID (ppm)

D
E

P
T

H

CREATED BY:

DRILLING METHOD:
DRILL RIG TYPE:

CONTRACTOR:

HOLE DIAMETER:

DATE START:

DATE END:

R
E

C
O

V
E

R
Y

U
S

C
S

S
O

IL
S

Y
M

B
O

LS

Page 1 of 4NOTES: Water level during drilling Water level in completed well

�

�

��

��

0

-1

-2

-3

-4

-5

-6

-7

-8

-9

-10

-11

-12

-13

-14

-15

60588767

Biosolid PFAS Study

Howell, MI

50'
BC01-MW2D

John Cuthbertson

Stanley Krenz

Mateco
Mitch Slachter

Direct Push/ 4.25'' Hollow Stem Auger
Geoprobe 7822DT

Stanley Krenz

6"

8/22/19

8/22/19

�����

��

��

��

	


10YR(3/3) CLAY AND SILT, non plastic, sub rounded grain, 70%
clay, 30% silt, trace fine sand, trace medium sand, trace sub rounded
fine gravel. Topsoil, loose, moist.

10YR(5/2) CLAY AND SILT, non plastic, sub rounded grain, 60%
clay, 30% silt, 10% fine sand, trace medium sand. Moderately
compact, wet at 3'.

10YR(5/4) CLAY, non plastic, sub rounded grain, 90% clay, 10% silt,
trace fine sand, trace sub rounded to sub angular fine gravel, trace
coarse gravel. Moderately stiff, moist, trace coarse gravel.

10YR(6/1) CLAY, medium plasticity, sub rounded grain, 90% clay,
10% silt, trace fine sand, trace sub rounded to sub angular coarse
gravel. Moderately stiff, moist.

10YR(6/1) WELL SORTED FINE TO MEDIUM SAND WITH CLAY,
non plastic, sub rounded grain, 40% clay, 10% silt, 25% fine sand,
25% medium sand. Moderately compact, dry.
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10YR(5/4) WELL SORTED MEDIUM TO COARSE SAND, non
plastic, sub rounded grain, 5% silt, 20% fine sand, 30% medium
sand, 35% coarse sand, 5% sub rounded fine gravel, 5% coarse
gravel. Loose, moist, gravel range 4-9mm.

No Recovery.

10YR(5/4) POORLY SORTED COARSE SAND WITH GRAVEL, non
plastic, sub rounded grain, trace silt, trace fine sand, 30% medium
sand, 50% coarse sand, 15% sub rounded fine gravel, 5% coarse
gravel. Loose, saturated, gravel range 8-15mm.

10YR(5/4) POORLY SORTED MEDIUM TO COARSE SAND, non
plastic, sub rounded grain, trace silt, 10% fine sand, 50% medium
sand, 40% coarse sand, trace sub rounded fine gravel. Loose,
saturated.

No Recovery.

10YR(5/4) POORLY SORTED MEDIUM TO COARSE SAND, non
plastic, sub rounded grain, trace silt, 10% fine sand, 60% medium
sand, 30% coarse sand. Loose, saturated.
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10YR(5/3) WELL SORTED MEDIUM SAND, non plastic, sub
rounded grain, trace silt, 20% fine sand, 60% medium sand, 20%
coarse sand. Loose, wet.

10YR(5/3) WELL SORTED MEDIUM TO COARSE SAND, non
plastic, sub rounded grain, trace silt, 10% fine sand, 50% medium
sand, 40% coarse sand. Loose, wet.

10YR(5/2) WELL SORTED FINE SAND, non plastic, sub rounded
grain, 25% silt, 75% fine sand, trace medium sand. Loose, wet.

10YR(6/1) POORLY SORTED GRAVEL, non plastic, sub rounded
grain, trace silt, trace fine sand, 20% medium sand, 40% coarse
sand, 20% sub rounded to sub angular fine gravel, 20% coarse
gravel. Loose, wet, gravel range 8-24mm.

10YR(6/1) POORLY SORTED PEBBLE GRAVEL, non plastic, sub
rounded grain, trace silt, trace fine sand, trace medium sand, 20%
coarse sand, 40% sub rounded to sub angular fine gravel, 40%
coarse gravel. Loose, wet, gravel range 38-50mm.

10YR(6/1) POORLY SORTED COARSE SAND, non plastic, sub
rounded grain, trace silt, 10% fine sand, 40% medium sand, 40%
coarse sand, 10% sub rounded to sub angular fine gravel, trace
coarse gravel. Loose, wet, gravel range 6-10mm.

No Recovery.

10YR(6/1) WELL SORTED FINE TO MEDIUM SAND, non plastic,
sub rounded grain, 20% silt, 50% fine sand, 30% medium sand, trace
coarse sand, trace sub rounded fine gravel. Loose, saturated.

10YR(6/1) WELL SORTED CLAY, non plastic, 80% clay, 20% silt,
trace sub rounded fine gravel. Moderately stiff, moist. Moderately
stiff, wet.

10YR(6/1) WELL SORTED FINE SAND, non plastic, sub rounded
grain, 20% silt, 80% fine sand. Loose, saturated.
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10YR(6/1) WELL SORTED FINE SAND, non plastic, sub rounded
grain, 10% silt, 10% fine sand, 70% medium sand, 10% coarse sand,
trace sub rounded fine gravel. Loose, wet.

10YR(6/1) WELL SORTED MEDIUM TO COARSE SAND, non
plastic, sub rounded grain, 5% silt, 5% fine sand, 40% medium sand,
50% coarse sand, trace sub rounded fine gravel, trace coarse gravel.
Loose, wet.

10YR(6/1) WELL SORTED FINE SAND, non plastic, sub rounded
grain, 20% silt, 80% fine sand. Loose, wet.
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10YR(6/3) WELL SORTED FINE SAND, non plastic, sub rounded
grain, 15% silt, 70% fine sand, 5% medium sand, 5% sub rounded
fine gravel, 5% coarse gravel. Topsoil, loose, dry, gravel range 8-
15mm.

10YR(4/4) CLAY AND SILT, non plastic, sub rounded grain, 50%
clay, 20% silt, 30% fine sand, trace sub rounded fine gravel, trace
coarse gravel. Moderately compact, dry.

10YR(5/4) CLAY AND SILT WITH FINE SAND, non plastic, sub
rounded grain, 30% clay, 35% silt, 35% fine sand, trace sub rounded
fine gravel, trace coarse gravel. Loose, dry.

10YR(5/4) CLAY AND SILT, non plastic, sub rounded grain, 50%
clay, 30% silt, 10% fine sand, 5% sub rounded fine gravel, 5% coarse
gravel. Moderately compact, dry, gravel range 6-11mm.

10YR(5/6) WELL SORTED MEDIUM SAND, non plastic, sub
rounded grain, 10% silt, 30% fine sand, 60% medium sand. Loose,
moist.

10YR(5/4) POORLY SORTED COARSE SAND WITH GRAVEL, non
plastic, sub rounded grain, trace silt, 10% fine sand, 30% medium
sand, 40% coarse sand, 15% sub rounded fine gravel, 5% coarse
gravel. Loose, wet, gravel range 5-14mm.

No Recovery.
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10YR(6/3) POORLY SORTED MEDIUM SAND, non plastic, sub
rounded grain, trace silt, 10% fine sand, 60% medium sand, 30%
coarse sand, trace sub rounded fine gravel. Loose, saturated.

No Recovery.

10YR(5/3) WELL SORTED MEDIUM SAND, non plastic, sub
rounded grain, trace silt, 10% fine sand, 80% medium sand, 10%
coarse sand, trace sub rounded fine gravel. Loose, wet.

10YR(5/3) POORLY SORTED COARSE SAND WITH GRAVEL, non
plastic, sub rounded grain, trace silt, 10% fine sand, 25% medium
sand, 25% coarse sand, 30% sub rounded fine gravel, 10% coarse
gravel. Loose, wet, gravel range 4-10mm.

10YR(6/1) CLAY, medium plasticity, 80% clay, 20% silt, trace sub
rounded fine gravel. Moderately compact, wet to moist.

10YR(6/1) CLAY, medium plasticity, 80% clay, 20% silt, trace sub
rounded fine gravel, trace coarse gravel. Moderately compact, wet.

10YR(6/1) POORLY SORTED FINE TO MEDIUM GRAVEL, non
plastic, sub rounded to sub angular grain, trace silt, trace fine sand,
15% medium sand, 40% coarse sand, 20% sub rounded to sub
angular fine gravel, 25% coarse gravel. Loose, wet, gravel range 5-
15mm, 32mm max.

10YR(6/1) WELL SORTED FINE SAND, non plastic, sub rounded
grain, 20% silt, 80% fine sand, trace medium sand. Loose, wet.
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10YR(6/1) WELL SORTED MEDIUM SAND, non plastic, sub
rounded grain, 10% silt, 20% fine sand, 70% medium sand. Loose,
wet.

10YR(6/1) WELL SORTED MEDIUM SAND, non plastic, sub
rounded grain, 10% silt, 15% fine sand, 75% medium sand. Loose,
wet.

10YR(6/1) WELL SORTED FINE SAND, non plastic, sub rounded
grain, 25% silt, 75% fine sand, trace medium sand. Loose, saturated.

10YR(6/1) WELL SORTED MEDIUM SAND, non plastic, sub
rounded grain, 10% silt, 15% fine sand, 75% medium sand. Loose,
wet. *Liner became stuck in macro, loss of sample from 41-45',
sample that fell out of rod is consistent with sample recovered.*
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10YR(6/1) WELL SORTED MEDIUM SAND, non plastic, sub
rounded grain, 10% silt, 20% fine sand, 70% medium sand. Loose,
wet.

10YR(6/1) WELL SORTED FINE SAND, non plastic, sub rounded
grain, 20% silt, 80% fine sand, trace medium sand. Loose, wet.

10YR(6/1) WELL SORTED MEDIUM SAND, non plastic, sub
rounded grain, 10% silt, 20% fine sand, 70% medium sand. Loose,
wet.
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10YR(6/3) WELL SORTED FINE SAND, non plastic, sub rounded
grain, 15% silt, 70% fine sand, 5% medium sand, 5% sub rounded
fine gravel, 5% coarse gravel. Topsoil, loose, dry, gravel range 8-
15mm.

10YR(4/4) CLAY AND SILT, non plastic, sub rounded grain, 50%
clay, 20% silt, 30% fine sand, trace sub rounded fine gravel, trace
coarse gravel. Moderately compact, dry.

10YR(5/4) CLAY AND SILT WITH FINE SAND, non plastic, sub
rounded grain, 30% clay, 35% silt, 35% fine sand, trace sub rounded
fine gravel, trace coarse gravel. Loose, dry.

10YR(5/4) CLAY AND SILT, non plastic, sub rounded grain, 50%
clay, 30% silt, 10% fine sand, 5% sub rounded fine gravel, 5% coarse
gravel. Moderately compact, dry, gravel range 6-11mm.

10YR(5/6) WELL SORTED MEDIUM SAND, non plastic, sub
rounded grain, 10% silt, 30% fine sand, 60% medium sand. Loose,
moist.

10YR(5/4) POORLY SORTED COARSE SAND WITH GRAVEL, non
plastic, sub rounded grain, trace silt, 10% fine sand, 30% medium
sand, 40% coarse sand, 15% sub rounded fine gravel, 5% coarse
gravel. Loose, wet, gravel range 5-14mm.

No Recovery.
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10YR(6/3) POORLY SORTED MEDIUM SAND, non plastic, sub
rounded grain, trace silt, 10% fine sand, 60% medium sand, 30%
coarse sand, trace sub rounded fine gravel. Loose, saturated.

No Recovery.

10YR(5/3) WELL SORTED MEDIUM SAND, non plastic, sub
rounded grain, trace silt, 10% fine sand, 80% medium sand, 10%
coarse sand, trace sub rounded fine gravel. Loose, wet.

10YR(5/3) POORLY SORTED COARSE SAND WITH GRAVEL, non
plastic, sub rounded grain, trace silt, 10% fine sand, 25% medium
sand, 25% coarse sand, 30% sub rounded fine gravel, 10% coarse
gravel. Loose, wet, gravel range 4-10mm.

10YR(6/1) CLAY, medium plasticity, 80% clay, 20% silt, trace sub
rounded fine gravel. Moderately compact, wet to moist.

10YR(6/1) CLAY, medium plasticity, 80% clay, 20% silt, trace sub
rounded fine gravel, trace coarse gravel. Moderately compact, wet.

10YR(6/1) POORLY SORTED FINE TO MEDIUM GRAVEL, non
plastic, sub rounded to sub angular grain, trace silt, trace fine sand,
15% medium sand, 40% coarse sand, 20% sub rounded to sub
angular fine gravel, 25% coarse gravel. Loose, wet, gravel range 5-
15mm, 32mm max.

10YR(6/1) WELL SORTED FINE SAND, non plastic, sub rounded
grain, 20% silt, 80% fine sand, trace medium sand. Loose, wet.
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10YR(6/1) WELL SORTED MEDIUM SAND, non plastic, sub
rounded grain, 10% silt, 20% fine sand, 70% medium sand. Loose,
wet.

10YR(6/1) WELL SORTED MEDIUM SAND, non plastic, sub
rounded grain, 10% silt, 15% fine sand, 75% medium sand. Loose,
wet.

10YR(6/1) WELL SORTED FINE SAND, non plastic, sub rounded
grain, 25% silt, 75% fine sand, trace medium sand. Loose, saturated.

10YR(6/1) WELL SORTED MEDIUM SAND, non plastic, sub
rounded grain, 10% silt, 15% fine sand, 75% medium sand. Loose,
wet. *Liner became stuck in macro, loss of sample from 41-45',
sample that fell out of rod is consistent with sample recovered.*
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10YR(6/1) WELL SORTED MEDIUM SAND, non plastic, sub
rounded grain, 10% silt, 20% fine sand, 70% medium sand. Loose,
wet.

10YR(6/1) WELL SORTED FINE SAND, non plastic, sub rounded
grain, 20% silt, 80% fine sand, trace medium sand. Loose, wet.

10YR(6/1) WELL SORTED MEDIUM SAND, non plastic, sub
rounded grain, 10% silt, 20% fine sand, 70% medium sand. Loose,
wet.





















 

 

 

 

 

  

Gd �± Gilford sandy loam, Landform: Glacial drainage channels, Parent material: coarse-loamy drift over sandy and gravelly outwash 

CrvaaB �± Conover loam, Landform: Ground moraines, end moraines, Parent material: Loamy till over dense loamy till 

BuA �± Brady loamy sand, Landform: Swales on valley trains, swales on lake plains, swales on outwash deltas, Parent material: loamy over sandy and gravelly glaciofluvial deposits  

Cc �± Carlisle much, Landform: Depressions on glacial drainage channels, depressions on outwash plains, depressions on till plains, depressions on moraines, Parent material: 
woody organic material  

FoB �± Fox sandy loam, Landform: Outwash plains, valley trains, moraines, Parent material:  loamy over stratified sandy and gravelly glaciofluvial deposits 

MoA �± Wawasee loam (0-2% slopes), Landform: Ground moraines, end moraines, Parent material: Calcareous loamy till 

MoB �± Wawasee loam (2-6% slopes), Landform: Ground moraines, end moraines, Parent material: Calcareous loamy till 

MoC �± Wawasee loam (6-12% slopes), Landform: Ground moraines, end moraines, Parent material: calcareous loamy till 

MoD �± Miami loam (12-18% slopes), Landform: Till plains, moraines, Parent material: loamy till 

FrB �± Fox-Boyer complex (2-6% slopes), Landform: Outwash plains, valley trains, moraines, Parent material: loamy over stratified sandy and gravelly glaciofluvial deposits 

FrC �± Fox-Boyer complex (6-12% slopes), Landform: moraines, outwash plains, valley trains, Parent material: loamy over stratified sandy and gravelly glaciofluvial deposits 

HmC �± Hillsdale-Miami loams, Landform: moraines, Parent material: loamy till 

02N05E02-AG01 USDA Web Soil Survey �± Soil Description 

 



 

Pc �± Pewamo clay loam, Landform: Depression on till plains, drainageways on till plains, Parent material: till  

MoB �± Wawasee loam (2-6% slopes), Landform: Ground moraines, end moraines, Parent material: Calcareous loamy till  

MoC �± Wawasee loam (6-12% slopes), Landform: Ground moraines, end moraines, Parent material: calcareous loamy till 

CrvaaB �± Conover loam, Landform: Ground moraines, end moraines, Parent material: Loamy till over dense loamy till 

 

03N06E04-JW01 & JW05 USDA Web Soil Survey �± Soil Description 
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	Evaluation of Wixom WastewaterTreatment Plant (WWTP) Biosolids Land ApplicationSites 02N05E01-BC01 & BC02,02N05E02-BC01 & AG0103N06E04-JW01 & JW05
	Table of Contents



