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Boulder Park Project Beneficial Use Facility

PROJECT BACKGROUND

Over 30 years ago in 1991, three Douglas County farmers began working with King
County to explore the potential of using treated wastewater solids on their fields as
a soil amendment to improve soil quality and increase crop yields. These farmer’s
fields located in north Douglas County were non-irrigated, marginal quality soils, and
received a mere 7 to 12 inches of annual rainfall.

The first biosolids land applications occurred in 1992 and the farmers saw immediate
benefits including more vibrant, deeper green crops and increased crop vyields. It
didn’t take long before the three farmers established Boulder Park Incorporated (BPI)
in 1994. In 1994, BPI and King County Department of Natural Resources and Parks
(King County) entered a public-private partnership and initiated what is known as the
Boulder Park Project. The Project is jointly permitted, operated, and managed by BPI
and King County and has thrived for more than three decades. Boulder Park Project
is one of the largest farmer-owned and operated, multi-farmer biosolids beneficial
use projects in the United States.

There has been growing demand for biosolids from local farmers over the years. The
number of participants has grown from three original farmer-sponsors to over 100
farmers/landowners and available permitted acreage has grown from 5,000 acres to
over 110,000 acres. BPI makes great effort to distribute biosolids to as many farmers
as possible, rather than concentrating on a few ownerships. This practice promotes
a strong customer base, which in turn makes the project more robust and more
sustainable into the future.

This report summarizes annual operational and monitoring information from January
1, 2024 to December 31, 2024.

The farmer is the ultimate requlator - if biosolids didn’t produce great results,
farmers wouldn’t use it and there would be no project.
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Boulder Park Incorporated recognized for providing 30 years of beneficial use services, June 7, 2024. From left to right: Gary Poole,
Leroy Thomsen, Larry Glessner, Dave Ruud.
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Below: A front loader loads an industrial manure spreader with biosolids at Boulder Park Project, June 2024. Photo Credit Glenn
Landberg

BENEFICIAL USE OF BIOSOLIDS

Recycling biosolids through land application improves soil health
and achieves carbon sequestration goals while increasing crop
yield for the farmers. Beneficially using biosolids at Boulder Park
Project is consistent with the State of Washington’s Biosolids
Management rule that “encourages the maximum beneficial use
of biosolids” per Chapter 173-308-010(2)(a) WAC. It also
recognizes the value of biosolids stating “the State of Washington
recognizes biosolids as a valuable commodity” per Chapter 173-
308-060(1) WAC.

The photo above shows biosolids being loaded into a spreader for
land application at approved agronomic rates. At Boulder Park
Project biosolids are generally applied to fields at an agronomic
rate of 2.5 dry tons per acre once every four to six years.
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Below: A typical Boulder Park Project delivery site with signage for each biosolids product to be delivered and staged.

BENEFICIAL USE FACILITY

Boulder Park Project is permitted as a Beneficial Use Facility, which allows the & 1

project to receive biosolids from permitted treatment facilities for beneficial use
and provide land application services. The project is a receiving-only facility and

does not provide further treatment to delivered biosolids. Biosolids are delivered
and stored separately as shown above because each biosolids product has a
different nitrogen value that determines its own agronomic rate.

Boulder Park Project was issued Final Coverage under the new 2022 Statewide
General Permit for Biosolids Management (General Permit) by Washington
Department of Ecology (Ecology) on January 26, 2023. The 2022 General Permit
was appealed on the basis that Ecology did not sufficiently address several
contaminants of emerging concern. Upon review, the Washington State
Pollution Control Hearing Board ruled to invalidate the new General Permit, and
all current permitted facilities returned to provisional status under the previous
General Permit.

As shown on page 7, a total of 44 wastewater treatment facilities contracted with
Boulder Park Project for beneficial use services in 2024. Of the 44 project
particpants, 39 of the facilities delivered biosolids to project fields for beneficial
use. 6
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2024 Participants of the Boulder Park Project Beneficial Use Facility

Ace Acme Incorporated

Alderwood Water & Wastewater District

City of Brewster Wastewater Treatment Plant

City of Bridgeport Wastewater Treatment Plant
City of Cashmere Wastewater Treatment Plant

City of Chelan Wastewater Treatment Plant

Chelan County PUD No. 1, Peshastin WWTP

Town of Coulee Dam Wastewater Treatment Plant
Douglas County Sewer District No. 1

City of Duvall Wastewater Treatment Plant

City of Entiat Wastewater Treatment Plant

City of Enumclaw Wastewater Treatment Plant

City of Ephrata Wastewater Treatment Plant

City of Grand Coulee Wastewater Treatment Plant
Grant County PUD No. 2, Crescent Bar WWTP
Hayden Area Regional Sewer Board WWTP x

King County DNRP, WTD, Brightwater WWTP

King County DNRP, WTD, South Plant WWTP

King County DNRP, WTD, West Point WWTP
Lakehaven Water and Sewer District, Lakota WWTP
Lakehaven Water and Sewer District, Redondo WWTP
City of Leavenworth Wastewater Treatment Plant
Liberty Lake Sewer and Water District

LOTT Clean Water Alliance

City of Lynden Wastewater Treatment Plant
Midway Sewer District, Des Moines Creek WWTP
City of Monroe Wastewater Treatment Plant

City of Mount Vernon Wastewater Treatment Plant
Mukilteo Water and Wastewater District

City of Okanogan Wastewater Treatment Plant

City of Oak Harbor Wastewater Treatment Plant
City of Pateros Wastewater Treatment Plant

Pierce County Chambers Creek WWTP

City of Quincy Wastewater Treatment Plant

City of Rock Island Wastewater Treatment Plant
City of Royal City Wastewater Treatment Plant
Sedron Services Sumner Washington

City of Sedro-Woolley Wastewater Treatment Plant
City of Soap Lake Wastewater Treatment Plant
Southwest Suburban Sewer District, Miller Creek WWTP
Southwest Suburban Sewer District, Salmon Creek WWTP
Stevens Pass Sewer District

Tree Top Incorporated

Town of Twisp Wastewater Treatment Plant

City of Warden Wastewater Treatment Plant

City of Wenatchee Wastewater Treatment Plant

Harnessing valuable resources that would otherwise be lost

Arlington, WA
Lynnwood, WA
Brewster, WA
Bridgeport, WA
Cashmere, WA
Chelan, WA
Peshastin, WA
Coulee Dam, WA
East Wenatchee, WA
Duvall, WA

Entiat, WA
Enumclaw, WA
Ephrata, WA

Grand Coulee, WA
Crescent Bar, WA
Hayden, ID
Woodinville, WA
Renton, WA
Seattle, WA
Federal Way, WA
Federal Way, WA
Leavenworth, WA
Liberty Lake, WA
Olympia, WA
Lynden, WA

Des Moines, WA
Monroe, WA
Mount Vernon, WA
Mukilteo, WA
Okanogan, WA

Oak Harbor, WA
Pateros, WA

Pierce County, WA
Quincy, WA, WA
Rock Island, WA
Royal City, WA
Sumner, WA
Sedro-Woolley, WA
Soap Lake, WA
Normandy Park, WA
Normandy Park, WA
Stevens Pass, WA
Wenatchee, WA
Twisp, WA
Warden, WA
Wenatchee, WA



Below: King County trucks delivering Loop® biosolids at Boulder Park Project, April 2023.

-

PROJECT OPERATIONS

Project operations occur year-round and in all weather conditions. Trucks
haul and deliver biosolids to the project every day and the BPI crews are

always available and prepared to assist the truck drivers as needed.

Temporary staging of biosolids occurs in designated areas within a project
field allowing accumulation of enough biosolids to complete land
application for the scheduled field. The biosolids are staged for short periods
prior to land application, except in winter months when biosolids can be
stored for several months. The stored biosolids are carried over into the next
year for application in spring.

Land application operations this year were stopped on November 19™" when
the area was blanketed in two inches of snow. Typically land applications
continue until Thanksgiving or longer before moving into storage mode, but
winter again came a little early in 2024 as it did in 2022 and 2023.
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IMPORTANCE OF A QUALITY PRODUCT

Treatment facilities, or preparers, are tasked with the responsibility of
making a great product for our farmers. The preparers must ensure biosolids
delivered to project fields for beneficial use meet all state and federal
requirements for land application through analytical testing and reporting
as required by the United States Environmental Protection Agency and
Ecology, and their contract with Boulder Park Project. Treatment facilities
collect and submit representative biosolids samples to accredited
laboratories for analyses. The analytical results are shared with Boulder Park
Project to demonstrate biosolids quality and regulatory requirements are
met.

The treatment facilities understand that farmers are purchasing their
product for use as a soil amendment to build and improve their soils, the
nutrient value, and to achieve crop yield goals. These farmers depend on a
quality product. If biosolids didn’t produce great results, farmers wouldn’t

want it and there would be no project.

Above: Dave Ruud, BPI Operations Manager, addresses a tour group at the long-term research plots, June 2024. The long-term research
plots, GP-17, is managed by Washington State University and has been applied with biosolids every four years since it was established in
1994. The group is standing in a biosolids applied plot with a control plot shown in foreground.

9
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same amount of biosolids, and (2) improves recordkeeping by accurately documenting
the location and acreage applied as shown below.

y BBEE, fen@iR,

A Trimble GPS display shows the application path of a tractor applying biosolids (top left); A map created by
exporting data captured by GPS and imported to Geographic Information Systems showing the final application
of a project site (above).

RESEARCH

There are currently two long-term on-farm biosolids demonstration sites at the Boulder
Park Project known as GP-17 and JS-14. Research at these sites is being done in
cooperation with Washington State University, Boulder Park Project, and local farmers

and landowners.

12
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Research work at Boulder Park Project’s long term on-farm demonstration sites included
the following in 2024:

Date Site Description

4/1/2024 GP-17 | Soil Sampling (4/1-4/2)

4/4/2024 JS-14 | Install cattle grazing exclusion fences
4/11/2024 | GP-17 | Seeded to spring wheat

5/20/2024 |JS-14 | Cows 5/20-6/14 (grazed 26 days)
6/5/2024 JS-14 | Soil and biomass sampling
8/23/2024 | GP-17 | Harvest spring wheat

9/16/2024 |JS-14 | Seeded by farmer to winter wheat

Site GP-17 was established in 1994 and has been applied with biosolids every four years
since its inception. The initial purpose of GP-17 was to determine optimal biosolids
application rates for achieving maximum crop yield while being mindful of good nutrient
management practices. In addition to this research, further research at GP-17 includes
gaining a better understanding of the effects of biosolids on carbon sequestration and
soil health properties such as bulk density, soil organic matter cycling and soil fertility at
various depths.

Site JS-14 was established in 2020 to investigate potential benefits and interactions of
biosolids combined with cover cropping and integrated livestock grazing. The research
also includes analysis of soil health metrics focusing on various biological soil health
indicators.

[1] The information provided below is from the 2024 King County Annual Report — WSU
activities, Annual report for January - December 2024. Prepared by Deirdre Griffin LaHue,
WSU-Mount Vernon; Madeline Desjardins, WSU-Mount Vernon; Markus Flury, WSU-
Puyallup.

Dryland Wheat: Long-Term On-Farm Demonstration and Biosolids as a Tool to Improve
Soil Health

Soil sampling at long-term trial GP-17 took place in early April 2024. Soil samples were
collected from 0- 2, 2-6 and 6-12 inches and were sent for analysis of soil pH/EC, nitrate

13
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and ammonium, phosphorus (both Bray P and Olsen P tests were used as soil pH has
changed at the site in biosolids plots). Samples were sent to Oregon State University’s
Soil Health Lab to be analyzed for permanganate oxidizable carbon (POXC), potentially
mineralizable carbon (MinC), autoclaved citrate-extractable (ACE) soil protein, and beta-
glucosidase potential enzyme activity. Samples were also sent for phospholipid fatty acid
(PLFA) analysis, a proxy for microbial biomass. PhD student Maddy Desjardins also
measured gravimetric water content on these samples.

2023 2024

C bababa . b b a a a

- O

N

L

All soil depths All soil depths

=

st p<0.001 p<0.001 No Fertilizer

0 6 @ Synthetic Fertilizer
g 2 DT BS/A

= ® 3DTBS/A

8 ® 45DTBS/A

[{e}
[ —

12] Al B
10 20 10 20
NO3-N (mg/kg)

Figure 1. The mean and standard error of soil nitrate (NO3-N) for 2023 (A) and 2024 (B). Different lower-
case letters within a plot represent significant differences as determined using a Tukey HSD test (p<0.05)
p-values shown in plots represent the effect of fertility treatment at all depths.

In 2023, when considering all soil depths together, all biosolids applications rates
increased soil nitrate compared to unfertilized plots, and the highest biosolids
application rate increased soil nitrate compared to synthetic fertilizer (Figure 1A). In
2024, when considering all soil depths together, all biosolids application rates increased
soil nitrate compared to the synthetic fertilizer and unfertilized control (Figure 1B).

Biosolids were last applied to this site in May 2023, after the 2023 soil sampling, and we
observed a subsequent increase in soil nitrate in 2024 with biosolids plots compared to
the synthetic fertilizer.

14
Harnessing valuable resources that would otherwise be lost



In 2023 and 2024, all three biosolids application rates increased Bray P (Figure 2A and B)
compared to the synthetic and unfertilized controls in the 0-2” and the 2-6" depths, and
in the 6-12" depth in 2023. We started running Bray P in 2023 due to observed
reductions in pH with biosolids applications. Bray is a more appropriate extraction than
Olsen in soils with pH < 7. However, we’ve continued to analyze Olsen P for consistency

over time.
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Figure 2. Bray P 2023 (A) and 2024 (B). Different lower-case letters within a plot represent significant
differences as determined using a Tukey HSD test (p<0.05) p-values shown in plots represent the effect
of fertility treatment at each depth.

In 2024, total carbon (Figure 3) was higher in the 0-2- and 2-6-inch depths with the two
highest biosolids applications compared to the synthetic and unfertilized controls. In
2024, POXC (Figure 4) was higher in the two highest application rates compared to the
synthetic and unfertilized controls in the 0-2- and 2-6-inch depths. These results are
consistent with samples collected from previous years at this site.

POXC can signify organic matter stabilization and it is strongly correlated with soil
organic carbon.

15
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Figure 3. Total carbon (C) in 2024. Different lower-case letters within a plot represent significant
differences as determined using a Tukey HSD test (p<0.05) p-values shown in plots represent the effect
of fertility treatment at each depth.
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Figure 4. Permanganate oxidizable carbon (POXC) in 2024. Different lower-case letters within a plot
represent significant differences as determined using a Tukey HSD test (p<0.05) p-values shown in plots
represent the effect of fertility treatment at each depth.

In 2024, the two highest biosolids applications increased ACE soil protein (Figure 5) in
the 0-2 and 2-6-inch depths compared to synthetic fertilizer and the unfertilized control.

ACE soil protein represents a large pool of mineralizable organic nitrogen and is
responsive to changes in management practices like no-till, cover cropping, residue
retention, and organic inputs like biosolids.

16
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These proteins are produced by soil microbes, but they are also found in biosolids
themselves. We can’t be sure whether the increase in ACE protein we have observed at
GP-17 this year, and in past years, is a product of the proteins in the biosolids, or whether
it is due to an actual increase in microbial production of these proteins that occurs with
biosolids applications. We believe it is likely a combination of both. The fact that we see
increases lower in the soil suggests that there is microbial production of these proteins
taking place in the soil, since biosolids are unincorporated at this site.
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Figure 5. Autoclaved citrate extractable (ACE) protein. Different lower-case letters within a plot
represent significant differences as determined using a Tukey HSD test (p<0.05) p-values shown in plots
represent the effect of fertility treatment at each depth.

On August 23, spring wheat was harvested at GP-17 (below). All three biosolids
applications had significantly higher yields than the no fertilizer and synthetic fertilizer
controls (Figure 6).

17
Harnessing valuable resources that would otherwise be lost



2024

2000
p<0.001
15001 H H n
1000+
- ﬂ
O.
No

Wheat Yield (Ib/acre)

Synthetic 2DT 3DT 45DT
fertilizer fertilizer BS/A BS/A BS/A
Treatment

Figure 6. 2024 Spring wheat yield at GP-17. Different lower-case letters within a plot represent
significant differences as determined using a Tukey HSD test (p<0.05) p-values shown in plots represent
the effect of fertility treatment at each depth.

Biosolids for Soil Carbon Sequestration in Dryland Systems

In 2022, the WSU research team took intact, deep soil cores in all plots at GP-17 using a
truck-mounted hydraulic Giddings probe. The goal was to take cores as deep as possible,
and we were able to collect samples to at least 60 cm, and in some cases 75 cm,
depending on the location. Five cores per plot were collected and kept separate (not
composited) to quantify variability in soil C within the plots in addition to between plots,
data which may be able to be correlated with indices from satellite/remote sensing
imagery in the future. Each of the 75 cores were divided into 6-inch depth increments,
weighed to determine soil bulk density (essential for calculating carbon stocks, or tons
of carbon per volume of soil or area of land), and sieved to correct for gravel contents.
Samples were then analyzed for total carbon and soil texture (sand, silt and clay
content).

In February 2024, Maddy completed fractionation of deep core samples for dissolved
organic matter (DOM), free particulate organic matter (fPOM), occluded organic matter
(oPOM), and mineral associated organic matter (MAOM). Some samples did not have
sufficient fPOM to test for carbon concentrations. As a result, Maddy ran additional
fractionations on samples from the 0-6 in depth segments to generate more fPOM and
be able to analyze these samples for carbon content. Most samples at lower depths (6-
12, 12-18, and 18-24-inch) did not have sufficient fPOM, and it was decided by Maddy
and Deirdre that even with additional soil amounts fractionated, there would still not be
sufficient fPOM mass in these fractions to test for carbon. Lower depth segment samples
with only be representing WEOM, oPOM, and MAOM fractions.

18
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Figure 7: Soil organic carbon (SOC) stocks (Mg ha-1) at depths of 0-6, 6-12, 12-18 and 18-24 in, and
within the whole profile.

. WEOC DWEOC=U.4G1 | 40
fPOC Piroc=0.002
B oPOC Poroc<0.001
B MAOC  Pmaoc=0.082
-30
%
al S 20~
=
=3
c
c
I :
-0

No fertilizer ~ Synthetic fertilizer 2 DT BS/AC 3 DT BS/AC 4.5 DT BS/AC

Figure 8: Water extractable organic carbon (WEQOC), free particulate organic carbon (fPOC), occluded
particulate organic carbon (oPOC), and mineral associated organic carbon (MAQOC) in the 0-6 in depth
segments. Different lower-case letters within a plot represent significant differences as determined
using a Tukey HSD test (p<0.05) p-values shown in plots represent the effect of fertility treatment at
each depth.
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We found that biosolids increased SOC stocks in the 0-6” depth segment and across the
whole soil profile compared to both control treatments (Figure 7), with a similar trend
at all depths, although the differences were not statistically significant.

We found that biosolids increased fPOC and oPOC in the top 6 inches of soil (Figure 8).
fPOC and oPOC are both faster cycling carbon pools (on the order of decades), which
suggests that biosolids applications at this site are increasing only faster cycling pools of
carbon. However, we also saw numerical, though not statistically significant, increases
in the slower cycling pool of carbon, MAOC (Figure 8). MAOC formation is favored in
finer textured soils and in areas with higher precipitation, which could be why we did
not see statistically significant increases in MAOC.

Biosolids, Cover Cropping, and Grazing for Synergistic Soil Health Benefits

We are studying the interactions of biosolids applications with cover cropping and
grazing in dryland grain systems and evaluating the effects on soil health and crop yields.
In 2020, experimental trial JS-14 was established in Douglas County, WA to investigate
these research questions.

Treatments were laid out in a randomized complete block, split-plot design following the
treatment structure below with 3 replications per treatment. Each plot is 40-feet wide
by 400-feet long. Baseline soil sampling took place in August 2020 before biosolids or
fertilizers were applied to corresponding plots. Soil sampling has occurred each spring
thereafter.

Treatment Structure
Biosolids/Fertility X Cover Crop & Grazing

3 dry tons/acre biosolids Cover crop + Grazing (a.k.a.
Regrowth-Grazed)

Synthetic fertilizer No cover crop or grazing (a.k.a.
Chemical Fallow)

No fertilizer

After a successful triticale cover crop in 2021, we have had difficulty establishing a
successful seeded cover crop, as there is not sufficient over-wintering to provide
biomass for cattle to graze the following summer. Therefore, in 2024 we made the
decision to change this treatment factor from a seeded cover crop to allowing volunteer
vegetation to grow and be grazed (treatment known now as “Regrowth- Fallow”). This
change maintains the original intent and objectives of the trial but is a more feasible
practice for farmers to adopt as an alternative to sprayed fallow (treatment known now

20
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as “Chemical Fallow”).

WSU staff traveled to the JS-14 plots in early April 2024 to set up cattle exclusion cages
to be able to quantify the amount of biomass grazed by the cattle (see Figure 10 on
Pg.22, WSU staff taking biomass measurements inside and outside of the cattle
exclusion cages). Cattle grazed the plots from May 20th to June 14th. Maddy and team
members returned for several days on three additional trips to collect plant biomass and
soil samples from the plots. We had several phone calls with the managing farmer to
discuss logistics for plot management.

Two biomass samplings occurred, the first while cattle were grazing on June 5th, and the
second on June 24th shortly after grazing stopped. In the second biomass sampling, only
the grazed and cover cropped plots were sampled as there was no growth on the plots
that had been sprayed.

After returning with soil and biomass samples to NWREC, Maddy oven dried and
weighed all biomass samples and took gravimetric water content on the soil samples. In
the grazed plots, biosolids increased grazed triticale regrowth, but did not increase weed
biomass (Figure 9).
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Figure 9. Regrowth — grazed data from 2024 at JS-14. Different lower-case letters within a plot represent
significant differences as determined using a Tukey HSD test (p<0.05) p-values shown in plots represent
the effect of fertility treatment at each depth.
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Figure 10. Biomass sampling inside and outside of cattle exclusion fencing at JS-14 on June 5, 2025.

Soil samples were collected from 0-4, 4-8, 8-12, and 12-24-inch and sent out for analysis
for Bray and Olsen phosphorus, pH, soluble salts, nitrate, ammonium, organic matter,
potassium, calcium, magnesium, and sodium, ACE protein, total carbon and nitrogen,
and beta-glucosidase. Analysis of POXC and MinC is being conducted by Maddy at the
WSU NWREC Soil Health Lab.

Interestingly, we have not seen significant effects of biosolids on soil nitrate after the
Fall 2023 biosolids application, as we saw after the initial biosolids application in 2020
(Figure 11). At this time, we aren’t sure why that is, but we do expect that the nitrate
results from this 2025 samples will reflect the changes we expect to see.

In 2022, mean Olsen phosphorus was higher in biosolids amended plots in the 0—4-inch
depth (Figure 12). However, due to the variability between the replicate plots, this was
not a statistically significant difference. Phosphorus did increase significantly in the
ungrazed system at the 4-8-inch depth, with no statistically significant differences in the
4-8-inch depths for the grazed system. In 2023, biosolids increased soil phosphorus in
the grazed and ungrazed plots at the 0-4-inch depth compared to synthetic fertilizer and
unfertilized control, and at the 4-8-inch depth compared to the no fertilizer control in
the grazed plots (Figure 12). In 2024, biosolids increased soil phosphorus compared to

22
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synthetic fertilizer in the grazed system at the 4-8-inch depth.
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Figure 11. Soil Nitrate (NO3-N) from 2021-2024 at JS-14. Different lower-case letters within a plot
represent significant differences as determined using a Tukey HSD test (p<0.05) p-values shown in plots
represent the effect of fertility treatment at each depth. P-values on the right-hand side of the graph
represent the effects of fertility for both systems and at all depths.
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Figure 12. Olsen P soil phosphorus at JS-14 from years 2022-2024. 2021 Olsen P was run by a different
lab, and results aren’t included. Different lower-case letters within a plot represent significant
differences as determined using a Tukey HSD test (p<0.05) p-values shown in plots represent the effect
of fertility treatment at each depth.

POXC and MinC for this project are analyzed in-house, and Maddy is in the process of
finalizing that data. To date, we have not seen any significant treatment effects in the
soil health indicators measured at JS-14 (organic matter, total carbon, POXC,
mineralizable carbon, beta-glucosidase enzyme activity, and ACE soil protein). These
indicators can take longer to change than the parameters above, and we expected that
it may take additional biosolids applications to begin seeing shifts in these indicators as
we have observed at the long-term trial GP-17.

Microplastics from Land Application of Biosolids in Soils

A proposal was submitted to the US Department of Energy Environmental Molecular
Science Laboratory’s (EMSL) MONet program (Molecular Observation Network) to
analyze soil samples for a comprehensive set of soil parameters. This proposal was
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funded and allowed us to take undisturbed soils from the GP-17 site and analyze these
samples for a series of physical, chemical, and biological soil properties. In April 2024,
we sampled undisturbed soil cores from the GP-17 site from all five treatments (three
biosolids rates, no-fertilizer control, inorganic fertilizer control). From each treatment,
four small cores (10 cm long) and two large cores (30 cm long) were taken. Sampling
took place on April 1 and 2, and the soil moisture conditions were optimal, i.e., not too
dry, for undisturbed soil core sampling. Figure 15 shows the sampling campaign. The
samples are now being analyzed for a series of soil properties. These analyses include
water contents, soil hydraulic properties, soil pore network structure, texture, pH,
microbial biomass, mineral-associated organic matter, water extractable organic matter,
geochemical parameter, cation exchange capacity, nutrient contents, and enzyme
activities. In addition, the samples will be analyzed for metagenomics. X-ray computed
topography imaging has been completed and we will analyze the images and other data
from the soil cores in 2025.

Figure 15. Sampling of undisturbed soil cores through the MONet program. Top left: sampling kit to
measure infiltration rates; bottom left: infiltration measurements; top right: sampling of undisturbed
large soil cores; bottom right: undisturbed large soil core after sampling.

We have sampled rainfall and atmospheric deposition on April 1, July 15, and Oct 6.
The first two samples have been analyzed for plastic concentrations (Figure 16A), and
the third sample will be analyzed in early 2025. Despite a large amount of rainfall
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collected at the sampling time in April (overwinter rainfall), the plastic concentrations
were low (Figure 16B). Analysis of the wind distribution shows that the wind at the site
is dominantly coming from the west, and the sampling period had a representative

wind distribution (Figure 17).
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Figure 16: Rainfall amounts (bars) and plastic concentrations (dots) for the different sampling dates (A),
and overall correlation between rainfall and plastic concentrations (B). Points represent the plastic
number concentrations for air samplers at upwind and downwind locations. Lines (different colors
assigned to different air samplers at both upwind and downwind) represent the linear regression
between plastic number concentration and rainfall.
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Figure 17. Wind roses representing wind speed and direction for sampling period (September 18, 2021
- April 1, 2024) and eight years (May 1, 2016 - May 1, 2024).

Nationwide Collaborative Land Application Study

Boulder Park Project Beneficial Use Facility is one of 22 sites participating in the
Nationwide Collaborative Land Application Study led by Dr. lan Pepper, Regents
Professor, University of Arizona. This study will evaluate whether land application of
municipal biosolids is a significant route of human exposure to per- and polyfluoroalkyl
substances, or PFAS, and consists of two phases: Phase 1 will evaluate the incidence and
mobility of PFAS in soil following long-term land application of Class B and/or Class A
biosolids; and Phase 2 will evaluate the potential for crop uptake of PFAS following land
application. Phase 1 of this study has concluded, and Phase 2 is scheduled to happen in
2025.

[2] The information provided below is taken from the submitted, but not yet published
article: Brown, S., M. Vernik, D. Butman, D. Griffin-LaHue, J. Finlinson. Quantifying the
environmental and economic impact of municipal biosolids use in dryland wheat in
Washington State. Urban Agriculture & Regional Food Systems.

Quantifying the environmental and economic impact of municipal biosolids use in
dryland wheat in Washington State

University researchers examined the impact of targeted biosolid use in Douglas County
WA, to define their impact on establishing a functioning circular nutrient economy. This
research looked at multiple perspectives including quantity of fertilizer replaced, carbon
accounting, effect on productivity, effect on yield, and economic impact to growers and
biosolids generators. Their work identified the potential to establish a stronger
connection between urban and agricultural communities both economically and by
reducing excess nitrogen and phosphorus leakage into the natural environment through
a regenerative agriculture approach.

The research concluded that use of municipal biosolids for dryland wheat production,
an example of subsidized production to facilitate nutrient reuse, resulted in significant
economic benefits for the receiving agricultural community with no added economic
burden for the participating municipalities. In addition, results showed environmental
benefits associated with nutrient recycling and a range of other benefits including
greenhouse gas savings due to both soil carbon storage and fertilizer offsets and
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enhanced soil health, including increased water holding capacity and reduced bulk
density associated with use of a high organic matter source of plant nutrients. It also
demonstrated that there are additional environmental benefits associated with this
practice including improved soil health and reduced greenhouse gas emissions. Dr. David
Butman confirmed the productivity of biosolids-applied fields using satellite imagery by
using the normalized difference vegetative index as a proxy for crop productivity and
comparing the year over year variation in peak greenness from 1996-2022.

Results from this study strongly suggests that subsidizing recycling of nutrients from
human and animal wastes would provide extensive benefits beyond those directly
associated with reduced use of mined and synthetic fertilizers.
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ENVIRONMENTAL SAMPLING & MONITORING

Each year, the Boulder Park Project conducts soil and water sampling resulting in a
significant amount of analytical data. These sampling efforts not only allow the project
to satisfy regulatory permit requirements, but also provides information needed to
make proactive and better science-based biosolids management decisions, while
continuing to demonstrate the project’s commitment to environmental stewardship.

Soil samples from fields are required to determine the amount of biosolids to be land
applied on a given field as part of the agronomic rate calculation. In 2024, Boulder Park
Project collected composite soil samples from 76 fields. Representative soil samples
were taken at depths of 0”-12” and 12”-24”. Samples were not collected at the 24” to
36” depth due to shallow, rocky, impenetrable soils typically encountered throughout
north Douglas County. For each field, there were typically 20-40 samples collected in an
unbiased fashion, evenly distributed across the field helping to ensure samples were
representative of the application area. These 20-40 samples were composited into a
single sample for each sample depth and submitted to a certified analytical laboratory
for analyses.

In 2024, there were 76 soil analyses for nutrients. There were five fields that had soil
analyses for background metals. Background metals are analyzed on new project sites
or existing sites that have never had biosolids applied prior to biosolids applications to
document existing soil metal concentrations.

In addition, Boulder Park Project conducts annual water sampling. Water sample
locations include domestic wells, irrigation wells, and surface waters. Samples are
collected from the above identified locations near any new project site or existing sites
that have never had biosolids applied prior to biosolids applications to document
background metal concentrations in the water. Water samples are also collected from
locations within 0.25 miles from a project site that had biosolids applied during the year.

The 2024 analytical results for soil and water sample analyses can be found in Appendix
C of this report.
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Below: Local farmer, Douglas Poole talks to staff from various utilities participating in the Boulder Park Project about how biosolids fits into his
farming practices. On May 30, 2024, about 50 people attended the Boulder Park Field Day Tour to learn about project operations and witness
beneficial use of their product.

PUBLIC OUTREACH & TOURS

Since the beginning of Boulder Park Project, considerable effort has gone

towards providing information to the public, students, local wastewater
utilities and organizations, and government officials about the beneficial use
of biosolids and project operations. Each year, Boulder Park Project hosts
tours that provide an opportunity to experience biosolids up close and learn
about resource recovery and the many benefits of using biosolids in
agriculture. Visitors tour and observe operations such as biosolids delivery,
storage, and land application. In 2024, there were four tours given with over
70 people attending.

To arrange a tour of the Bou