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☐ Yes ☒ No
Is your project on target from an IMPLEMENTATION standpoint?
If you answered “no” please explain:
There have been adjustments to the timeline for the project: Water quality monitoring data was collected and analyzed over 2019
for Constructed Wetlands #1 and #2 as planned; however, we decided to delay the start of water quality monitoring at
Constructed Wetland #3 in Livingston County until 2020 in order to allow the native vegetation to fully establish and to develop a
full‐year monitoring plan with new partner the University of Illinois at Urbana‐Champaign (UIUC). Mary Foltz, a Ph.D. student at
UIUC, will begin a sampling schedule at CW3 in spring 2020 in coordination with TWI and UIC. In April 2019, a leading LaSalle
County farmer committed to install the fourth constructed wetland under this project. Its construction is pending, awaiting the
new window for EQIP payments to open. The TWI‐designed constructed wetland was built on Illinois Central College’s
Demonstration Farm in August 2019, and ICC and the IL Sustainable Ag Partnership (ISAP) will monitor its nutrient‐removal
performance (separate from this grant) using TWI’s protocol and input.
Is your project on target from a BUDGET standpoint?
If you answered “no” please explain:

☒

Yes

☐

No

Based on what you know today, will you meet the objectives of your project on‐time and on‐budget?
If you answered “no” please explain:
Yes, with the adjustments noted in question 1.

☒

Yes

☐

No

☒ Yes ☐ No
Have you encountered any issues related to this project?
If you answered “yes” please explain:
The cool, very wet spring conditions and the associated planting delays for farmers caused TWI and partners to either cancel or
reconfigure some of our planned summer outreach events. We adapted our outreach strategy to be responsive to landowners’
concerns and to participate in more one‐on‐one/small‐group outreach than the larger events originally planned.
☒ Yes ☐ No
Have you reached any conclusions related to this project that you would like to highlight?
If you answered “yes” please explain:
The water quality monitoring research at Constructed Wetland #1 has shown a highly variable monthly nitrate removal efficiency
with the highest removal rates achieved during the warmest months. Overall, the wetland removed nearly 8,000 lbs. of NO3‐‐N
between 2016–2019. By contrast, the results at CW2 show a much greater overall monthly NO3‐‐N removal efficiency (84%) than
CW1, due to the greater residence time and higher availability of labile OM for the denitrifying microbial community. Sediment
samples were analyzed for total, labile, and refractory OM components and showed that wetland plant growth contributed to
increasing bioavailable OM in both CW1 and CW2 over time. Interestingly, both wetlands demonstrate a higher OM content and
the most biodegradable OM in the surficial sediments and in the lower half (closer to the outlet) of the wetland. Finally, our

findings suggest the presence of a hydric growth media, higher treatment‐to‐drainage area ratio, and a shallower design may
enhance the tile‐treatment wetlands’ performance.
Have you completed any outreach activities related this project? Or do you have any activities planned? ☒ Yes ☐ No
If you answered “yes” please explain and provide details for any upcoming outreach:
TWI and UIC’s water quality research findings were presented at four conferences over 2019. Meanwhile, TWI’s landowner
outreach and on‐the‐ground presence to advance constructed wetlands has expanded from one to three‐plus agricultural
watersheds across Bureau, Livingston, Marshall‐Putnam, and LaSalle counties. There are now 28 landowner prospects moving
through TWI’s “leads pipeline” toward commitment/installation of a constructed wetland; meanwhile, TWI Field Outreach
Specialist Jean McGuire connected with a total of 85 new farmer advisers/influencers through meetings and events who can help
spread the message about tile‐treatment wetlands as a nutrient loss reduction solution. Our ISAP Conservation Field Day in July
2019 had a high turnout, and 83% of attendees reported increased knowledge and awareness of constructed wetlands. Finally, with
support from NREC’s outreach grant, TWI staff worked with a graphic designer to create new standup display materials and a
professional trifold brochure about the project, which were used in raising awareness at the Farm Progress Show and other tabling
events throughout the year.
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Project Overview
The Illinois Nutrient Research and Education Council awarded the Wetlands Initiative (TWI) a
$140,000 grant from 2015–18 in support of our project to advance the use of small, precisely
sited constructed wetlands to naturally capture and remove excess nutrients leaving farm fields
through tile drainage. Constructed wetlands are a Farm Bill-eligible practice that is extremely
underused in Illinois but offers a practical, effective solution to reduce nutrient loss. This effort
focuses on providing technical assistance to farmers to install several examples of the practice on
their properties; collaborating with ag-sector partners on field days and other outreach to educate
farmers and their advisers about the practice; and partnering with the University of Illinois at
Chicago (UIC) to perform water quality monitoring and analysis of the first few wetland sites to
quantify their nutrient removal effectiveness.
2019 is the fifth year of the nutrient-removal wetlands project, and NREC awarded TWI a
$70,000 grant for this project year with an additional $15,000 in funding for outreach efforts. To
date we have built and conducted water quality monitoring at two constructed wetland sites on
farms in Bureau County, Illinois—Constructed Wetland #1 monitored since spring 2016 and
Constructed Wetland #2 monitored since fall 2017. A third constructed wetland was built on
private property in the Vermilion River Headwaters in Livingston County in 2018. Through a
new partnership between UIC, TWI, and the University of Illinois at Urbana-Champaign, water
quality monitoring will begin at this third site in spring 2020. Meanwhile, a TWI-designed
constructed wetland was installed on Illinois Central College’s Demonstration Farm in July
2019, and (outside of this grant) ICC and the Illinois Sustainable Ag Partnership will monitor its
nutrient removal performance with TWI’s input and protocol. The long-term goal is for this
highly effective practice to be replicated across Illinois as a practical solution to nutrient runoff.
Major Project Accomplishments
Since January 2019, the start of the current grant period, the Wetlands Initiative and project
partners made the following progress on project objectives.
1) Assist farmers in installing constructed wetlands on their properties.
The third constructed wetland implemented under this project, located on a leading landowner’s
property in Livingston County (the Vermilion River Headwaters Watershed), was seeded and
planted with native species in winter and spring 2019. By the end of its first season of
establishment, the vegetation in the wetland was doing very well, and no additional wetland
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plantings were needed. Seeding of the pollinator buffer will continue through year 3. TWI is
working to get this site included on a Livingston SWCD tour of conservation practices in 2020.
Comprehensive water quality monitoring of the Livingston County wetland site will begin in
March 2020 (see Planned Activities for 2020). Using the monitoring protocol developed by Dr.
Karl Rockne at UIC with some alterations, TWI is partnering with a PhD student from the
University of Illinois at Urbana-Champaign, Mary Foltz, to complete the monitoring of this third
site given its distance from the other two wetland sites in Bureau County. We will carry out an
adjusted version of nutrient sampling at wetland #3, using autosamplers and focusing on nutrient
inflow and outflow and cycling within the wetland. Project manager Dr. Jill Kostel and Ms. Foltz
will be working with Gasvoda & Associates, Inc. to set up the monitoring equipment with solar
power capability and flow measurements at both the inlet and outlet of the wetland. The samples
collected will be analyzed by standard protocols.
Over the past year, the on-the-ground footprint of this project continued to spread to new
agricultural counties in Illinois. In April 2019, a landowner in LaSalle County submitted his
application to EQIP and committed to install a constructed wetland on his property—the fifth site
committed under this project and the first in that county. The estimated size of the treatment
portion of the wetland will be 2.75 acres, making this wetland the largest yet; for comparison, the
Livingston wetland was 1.1 acres of treatment area. TWI first engaged with this landowner when
he brought his tile and farm maps to our Livingston County Field Day event in August 2018 to
discuss a constructed wetland for his property. TWI has drafted the final wetland design, which
the farmer is currently reviewing; we are now waiting for the EQIP program to re-open,
hopefully with a higher payment rate for this practice and with constructed wetlands included in
the list of high-priority practices.1 Once installed, his constructed wetland will continue the trend
of wetlands being built on centennial farms by respected and active local community leaders.
Meanwhile, Illinois Central College’s Board of Trustees approved the final design for a
constructed wetland developed by TWI on ICC’s Demonstration Farm in April 2019, and
implementation was completed over July 22–27, 2019. The college provided significant funds
for the construction and the Illinois Land Improvement Contractors Association (ILICA)
provided a 35% discount on their construction costs, while TWI contributed the staff time
needed to plan the project/event, oversee construction, and seed the wetland and surrounding
habitat buffer area. The wetland was sited to accept drainage water downfield from several other
practices, including a bioreactor, which will allow for monitoring of the entire system. Separate
from NREC’s grant funding, ICC and the Illinois Sustainable Ag Partnership (ISAP) plan to
begin monitoring the wetland’s nutrient removal performance, using TWI’s input and our water
quality monitoring protocol developed with partner UIC. Construction open houses were held
July 23–26, and TWI and ISAP organized a Conservation Field Day on July 25 so that the public
and other interested parties could visit and see the construction first-hand (see objective #2).
In Marshall-Putnam counties, the Wetlands Initiative’s partnership with the Soil and Water
Conservation District (SWCD) through their Regional Conservation Partnership Program
(RCPP) yielded new landowner leads in 2019. We completed site assessments for eight farmers
1

TWI project manager Dr. Jill Kostel was selected to serve on the NRCS State Technical Committee’s
subcommittee to designate high-priority practices for EQIP funding.
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in this county area and identified two potential constructed wetland sites, referring landowners to
other conservation practices where appropriate if their property was not eligible for a wetland. A
trusted relationship with the SWCD has been an asset in increasing landowner willingness to
consider the wetland practice. Installation of tile-treatment wetlands in Marshall-Putnam will be
carried out through TWI’s continuing partnership with ILICA.
2) Promote replication of the wetland practice by peer landowners via field demonstration days
and other outreach.
Since the start of NREC’s support of this project, TWI’s landowner outreach and on-the-ground
presence to advance constructed wetlands has expanded from one to three-plus agricultural
watersheds across several counties. There are now 28 landowner prospects moving through
TWI’s “leads pipeline” toward commitment/installation of a constructed wetland (see attached
farmer progress table). To help address this backlog of interested farmers, TWI will add a parttime engineering consultant to the project in early 2020 who will assist in completing site
assessments and preparing preliminary designs.
A continued strategy TWI is pursuing to increase farmer commitments on this project is to make
contact with and build relationships with “connectors” who are important trusted messengers
about new practices and can help carry the message about constructed wetlands to landowners.
Over 2019 to date, Jean connected with a total of 85 new farmer advisers/influencers through
TWI events, meetings, attending conferences, and participating in other events. A list is attached
detailing Jill and Jean’s connections and involvement in these collaborative partnership efforts
with ag-sector contacts over the past year.
Presentations/outreach events over this grant year included multiple presentations by Dr. Kostel
at University of Illinois Extension seminars, Dr. Kostel’s continued leadership in the Advanced
Conservation Drainage Training (ACDT) workshops, and talks by TWI Field Outreach Specialist
Jean McGuire at SWCD meetings in LaSalle and Knox counties. A list of events with attendance
info is attached. Key events included:


Dr. Kostel continued to serve on the Steering Committee for the Illinois Sustainable Ag
Partnership’s successful ACDT series that launched in 2018, and she designed the curricula
for ACDT sessions. The trainings are designed to unite classroom education with in-field,
hands-on training for farm advisers, farm managers, contractors, and retailers on how the
practices work, assistance programs, and messaging strategies. The ACDT training held on
July 24 focused on constructed wetlands, with the ISAP Conservation Field Day
constituting the in-field portion.



Jean gave three small-group presentations on the constructed wetland practice over
January, February, and March to the LaSalle County SWCD Board and to Knox County
SWCD board members and SWCD contractors. We are exploring partnership with LaSalle
and Knox counties as we continue to expand the project.



On October 17, Dr. Kostel presented at an “Edgy Conservation” Workshop hosted by
University of Illinois Extension and Rock Island County SWCD to discuss the Nutrient
Loss Reduction Strategy and edge-of-field practices. An audience of 20 people included
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farmers/landowners and agency staff. Rock Island County is another high-priority area of
nutrient runoff in Illinois where constructed wetlands could provide one solution.


In October, Dr. Kostel presented on the project at a Wetland Training Workshop hosted by
U.S. Fish and Wildlife Service in Champaign and in January at the Midwest Fish &
Wildlife Conference in Springfield. Connections with entities involved with these events,
including the Illinois Department of Natural Resources, are helping expand TWI’s outreach
team to include other groups who are working with landowners in Illinois and have
possible funding streams to support wetland installation. We are now visiting potential
wetland sites with some of these contacts.

As mentioned above, in conjunction with the ICC wetland construction, an Illinois Sustainable
Ag Partnership (ISAP) Conservation Field Day was held Thursday, July 25, at the
Demonstration Farm. Hands-on stations staffed by ISAP members featured a combination of infield and edge-of-field conservation practices to demonstrate a systems approach to improving
soil health and reducing nutrient loss. Turnout for the field day was high and included attendees
who were landowners, operators, conservation professionals, educators, students, and ag
consultants—all of whom are great audiences to spread the word with their peers about
constructed wetlands.
Through written surveys at the field day, 100% of attendees completing them had increased
knowledge of and awareness about conservation practices; 83% had increased knowledge and
awareness of constructed wetlands specifically; and 66% reported they were “somewhat likely”
or “extremely likely” to implement one of the conservation practices they learned about in the
next one to two years. These favorable statistics are similar to the results at other TWI
construction expos. In addition to serving as a living laboratory for student education and
research at ICC, the farm is also being used as a partnership model that could be replicated by
other regional community colleges. Through these new partnerships at ICC, the next generation
of farmers and ag advisers will be exposed to and learn about constructed wetlands, as well as
many different current players from the agricultural sector.
Following the ICC construction, Dr. Kostel and Jean deployed new outreach tools at their table
in the Conservation Tent of the Farm Progress Show on August 27–29. Project staff used a
graphic designer to produce attractive, informative, and eye-catching stand-up displays and
trifold brochures. They include visuals to enhance understanding of constructed wetlands and
concise language explaining the benefits to landowners and their farming operations. All
materials include the new Smart Wetlands branding and direct attendees to TWI’s farmerfocused project website, www.smartwetlands.farm. Our table at Farm Progress Show also
included a hands-on element: a “wetland in a cattle tank” that included live plants and featured
graphics around the sides to illustrate the nutrient capture and removal process in a constructed
wetland. NREC’s $15,000 outreach grant helped support these efforts and production of the
new materials.
Meanwhile, in Livingston and Marshall-Putnam counties, we pursued new techniques with our
local agency partners to break the ice with landowners:
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In the Five Mile Creek Watershed, a subwatershed of the Vermilion River Headwaters in
Livingston, TWI drafted a letter about local natural resource concerns (e.g., nitrate loss
and erosion) and appropriate nitrogen reduction and soil health practices (including
wetlands) that the SWCD sent in a mass mailing to approximately 200 landowners.
Unfortunately, due to the disastrous wet spring and delays in planting, a follow-up
educational dinner had to be cancelled. TWI plans to start direct follow-up outreach to
the landowners who received the letter in early 2020.



The Marshall-Putnam SWCD has curated a short list of landowners most likely to be
interested in a tile-treatment wetland, using the findings from TWI’s watershed planning
model. Working with TWI, they are currently developing a letter that will go out to this
first wave of contacts inviting them to learn more about the practice. With the SWCD
serving as a familiar and trusted intermediary, we feel this outreach will help increase
receptiveness to constructed wetlands.

3) With project partner Dr. Karl Rockne of the University of Illinois at Chicago (UIC), conduct
water quality monitoring to elucidate the exact processes of nutrient removal.
There were no changes in the methodology during the 2019 period of water quality
monitoring/research. The project results reported here cover the second full year of operations at
Constructed Wetland #2 in Princeton, IL (CW2) and the fourth full year of operations at
Constructed Wetland #1 near Ohio, IL (CW1). Results described in this report include nutrient
analyses in both constructed wetlands and sediment organic matter and microbial analyses for
CW1.
Research Introduction
Hypoxia in the northern Gulf of Mexico results from the depletion of oxygen in the water
column due to excessive organic matter loading from photosynthetic algal growth that is
stimulated by high levels of the nutrient elements nitrogen (N) and phosphorus (P) (Turner et al.,
2008). To help resolve this problem, Illinois has developed a strategy to reduce N and P loadings
carried in its rivers and to the Gulf of Mexico. The goals are to reduce P loads by 25% and
nitrate-nitrogen by 15% by the year 2025 (Illinois EPA and DOA 2015). The eventual target is a
45% reduction in total phosphorous and total nitrogen.
Given that approximately 80% of N and 50% of P loading is from agriculture in Illinois (Illinois
EPA and DOA 2015), there is a focus on voluntary nutrient reduction efforts, particularly in
areas with high yield crops like corn that require fertilizer (Vitousek et al. 2009). In order to
achieve the goals of the Illinois Nutrient Loss Reduction Strategy, a suite of effective in-field
management and edge-of-field practices needs to be implemented to reduce N and P loads in
agricultural runoff. Although reducing nutrients at the source through in-field practices (e.g.,
nutrient management, cover crops, etc.) is a top priority, these practices alone will not
sufficiently reduce runoff from tile-drained fields.
Agricultural fields with subsurface tile drainage have dramatically enhanced subsurface flows,
and research clearly implicates tile drainage as a pathway for rapid export of N and P fertilizers
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to downstream waters (David et al. 1997, Xue et al. 1998, Kovacic et al. 2000). Drain tile has
been a critical element of Midwestern farming since the mid-19th century, and it is responsible
for making planting and harvesting more consistent and reliable from year to year. Extensive tile
drainage, especially during intense rainfalls and high flow periods (David et al. 2010), results in
greater loss of nutrients since there is a low rate of denitrification.
The nitrate-nitrite concentration in the Illinois River near Peoria has increased from 1.9 to 6.5
mg/l over the past 100 years. At the same time, the peak concentration has shifted from fall to
spring (Hey et al. 2005). Nutrient runoff in the region is high, and landowner participation in
farm-scale conservation practices has been low. Great opportunities exist for increased tiletreatment conservation practices in tile-drained watersheds to improve water quality. Widespread
implementation of the constructed wetlands (CW) for row crop tile drainage treatment practice
would result in cleaner water locally and reduced nutrient contribution, ultimately, into the
Mississippi River and the Gulf.
In the case of CWs, reduced N loss is achieved primarily through denitrification, which is the
transformation of nitrate (NO3-) to gaseous end products like N2 and N2O (Spieles and Mitsch
1999, Poe et al. 2003). Another nitrate removal process in CWs is assimilative nitrate reduction
to ammonia as a nitrogen source for plants, fungi, and bacteria growth. Nitrogen removal
through this pathway is typically not significant compared to the denitrification (Madigan et al.
1997, Xue et al. 1999). Akratos and Tsihrintzis (2007) further expanded N removal processes in
CW beyond microbially mediated redox reactions to include plant uptake, and others have shown
immobilization through sedimentation, adsorption, ground-water leaching (Poe et al. 2003), and
ammonia volatilization (Rockne and Brezonik 2006) as significant pathways.
Although the biogeochemical cycles of N and P are relatively well-understood at the local scale,
reaction processes can frequently be difficult to elucidate at the field scale, where heterogeneous
phase transformations take place. N has a more complex biogeochemical cycle than P because of
the existence of gaseous forms (N2, N2O and un-ionized NH3), as well as its role as an electron
acceptor (NO3-) utilized by denitrifying bacteria or as an electron donor (NH3) by ammoniaoxidizing bacteria (AOB) and archaea (AOA) (Figure 1). In contrast, temporary P removal
occurs through biological uptake by plants and bacteria in the form of phosphate, while other
forms of P can be permanently removed or sequestered geochemically through precipitation and
adsorption (Akratos and Tsihrintzis 2007).

Final Report to NREC – Feb 2020

6

Figure 1. Nutrient transformations in treatment wetlands. Most relevant here are the transformations of N
species (on the right) from both dissimilatory and assimilatory reactions. The primary reaction
of interest for nitrate removal is denitrification driven by electron donors from available carbon
from the degradation of wetland organic matter. Credit: The Wetlands Initiative.

Each nitrogen removal process (ammonification, nitrification, nitrogen fixation, Anammox,
organic nitrogen burial, adsorption, and denitrification) has different temperature (T), pH, and
oxidation-reduction potential (ORP) environmental requirements (Vymazal 2007). Ammonia and
total kjeldahl nitrogen (TKN) removal efficiencies are strongly dependent on hydraulic residence
time (HRT) and T. At T<15°C, HRT should be at least 20 days to accommodate significant
removal. For T>15°C, the minimum residence time of eight days is sufficient (Akratos and
Tsihrintzis 2007). Denitrification is the main removal process in the wetlands with an optimal pH
range of 6–8, and T of 60–75°F. An important aspect of denitrification is that the N2 gas end
product is environmentally benign and leaves the system. As such, denitrification can result in
significant nitrogen removal.
The conceptual model of the denitrification process in these wetlands consists of an incoming
flux of electron acceptor (nitrate) that is used to oxidize the pool of electron donor (ED), which
resides primarily in the sediment. A general equation to describe how denitrifying bacteria
(“Cells”) grow while oxidizing an ED coupled with the complete denitrification of nitrate to
dinitrogen gas (N2) is:
ED + NO3- + Cells → N2 + Energy + New Cells

(Equation 1)

In this case, the electron donor is typically a fermentation product like acetate or H2 that
naturally results from the breakdown of organic matter (OM) in the sediment. Thus, OM is one
of the key components in nutrient removal. Craft (1996) estimates that constructed wetlands need
5–10 years of development to achieve maximum denitrification rates, as they need to accumulate
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sufficient OM. OM inputs can be from organic wastewater (as an external source) and plant and
microbial detritus (internal sources) (Reddy and D'angelo 1997, Tanner et al. 1998, Nguyen
2000). Thus, wetlands with plants have higher nitrate removal efficiency compared to unplanted
wetlands, since plants act as the energy and carbon source and their roots provide an excellent
environment for microbial activities (Lin et al. 2002).
While labile organic carbon is the denitrification limiting factor, inorganic carbon is the
controlling factor for the autotrophic nitrifies (Truu et al. 2009). Increasing T improves the OM
decomposition rate, resulting in a higher availability of the ED for the denitrification process
(Kayranli et al. 2010). Some previous studies added external carbon sources (Lin et al. 2002, Wu
et al. 2014) to improve the OM availability for higher nitrate removal, but most of the additive
sources were utilized for other microbial processes (Wu et al. 2014).
Research Purpose
Despite the promise of N removal using CWs, more widescale adoption of this natural
“technology” will require a better understanding of what controls N removal efficiencies. To
address this knowledge gap, the University of Illinois-Chicago (UIC) and the Wetlands Initiative
(TWI) have partnered to study nutrient dynamics in two constructed wetlands designed, sited,
and operated to capture and treat agricultural tile drainage in Bureau County, Illinois. The first
wetland (CW1) was the focus of the first two years of this work. In 2016, TWI constructed a
second wetland (CW2) that allowed comparison of treatment efficiency at two different
constructed wetlands with two distinct designs.
The first overall goal of this project is to develop strategies to better design constructed wetlands
to optimize N removal as part of the Illinois Nutrient Loss Reduction Strategy. Agricultural
fields with subsurface tile drainage will have dramatically enhanced subsurface flows that result
in rapid export of surface-applied N and P fertilizers to receiving waters. Thus, better
understanding the underlying mechanisms that control the function of tile-drainage treatment
wetlands is the key to reducing the nutrient loss (Crumpton, Helmers et al. 2012). Based on the
results of numerous studies regarding constructed wetlands, wetland plant communities, and
removal efficiencies, our proposed solution is to use “pocket” treatment wetlands. Pocket tiletreatment wetlands are small constructed wetlands that can be installed on farms to capture
nutrients in tile drainage before they reach a receiving waterway (Izadmehr and Rockne 2018).
The second overall goal of this research is to understand the spatial and temporal dynamics of
nutrient removal in CWs. To achieve this goal, UIC is characterizing nutrient removal over the
course of several operational seasons in the two CWs. UIC has analyzed inlet and outlet NO3--N
concentrations and sediment organic matter (OM) since CW1’s initial development and
operation. In addition, UIC characterized the hydraulic loading and performed tracer studies to
measure residence time. These data can be used to determine the extent of mixing and/or shortcircuiting (which is a process that can create no-flow areas) within the wetland, as mixing is key
to N removal efficiencies (Headley and Kadlec 2007). UIC has characterized the microbial
community responsible for N cycling and OM dynamics in sediments during the development
and maturation of CW1. CW2 microbial characterization will be completed in spring 2020.
These data supplemented with the characterization of aqueous physicochemical characteristics
(e.g., T, ORP, pH, etc.) in the CWs will be used to understand which variables control

Final Report to NREC – Feb 2020

8

denitrification. This information is critical in improving the design, construction, and operation
of such wetlands for maximum nutrient removal.
Methods
Sediment samples have been collected approximately every month, beginning in June 2016 for
CW1 and September 2017 for CW2 and continuing to the present date. The sediment samples
consist of segmented (typically 2 cm) cores obtained at nine locations in CW1 and 18 locations
in CW2 (Error! Reference source not found.). The segmented cores are taken at various depths
(0–20 cm) starting from the inlet all the way to the outlet with a minimum depth of 4 cm below
the sediment–water interface.

Inlet

Outlet

Figure 2. Nine and 18 internal sediment sampling locations plus inlet and outlet at CW1 (top) and CW2
(bottom).
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OM is a bulk parameter that divides to labile and recalcitrant fractions (Nguyen 2000). For OM
analysis, the soil samples were characterized for lability using Differential Scanning
Calorimetry/Thermogravimetric Analysis (DSC-TGA). This state-of-the art technique has been
used in the soil science literatures (Dell'Abate et al. 2003, Barros et al. 2007, Salgado et al. 2009,
Barros et al. 2010) to quantitatively characterize the bioavailability and biodegradability of soil
OM. TGA is based on mass loss that represents the decomposition of distinct carbon (C) groups
(Dell'Abate et al. 2003, Lopez-Capel et al. 2005).
Heat flux is recorded by the DSC and is depicted as endothermic or exothermic peaks. The first
endothermic peak on the DSC curves represents the loss of water and other volatile substances
taking place below 200ºC. The second and third peaks mostly are exothermic and show the
oxidation of the soil organic compounds within 200–600ºC. The first exothermic peak, 200–400
ºC, is assigned to more labile compounds, or aliphatic structures, such as cellulose (Dell'Abate et
al. 2003). The second exothermic peak, 200–550ºC, is attributed to the recalcitrant compounds,
or aromatic structures, such as humic acids and lignin. At T=550–650 ºC, refractory C is present.
The final range is T=650–900 ºC with carbonate as the carbon group representative (Dell'Abate
et al. 2003, Capel et al. 2006, Kania et al. 2018).
While denitrification assays have been used for decades to understand the capacity for nitrate
removal in sediment samples, this technique does not tell us about the state of the underlying
denitrifying microbial community structure. Therefore, it was decided to supplement this project
with a better understanding of the microbial community responsible for denitrification and how
the community responds to changes in organic matter (OM) spatially and temporally. We
submitted a proposal that was funded by the USGS-sponsored Illinois Water Resource Center to
obtain 16S ribosomal RNA (16S rRNA) of the denitrifying microbial community structure in the
wetland (Philippot and Hallin 2005). The denitrifying and broader microbial community in CW1
has been quantified, and the samples from CW2 will be analyzed under the 2020 NREC grant.
Among all the sediment samples, 288 samples have been chosen for microbial analysis based on
the denitrification removal efficiency and seasonal relationships. DNA was extracted using a
DNeasy PowerSoil HTP 96 Kit for the high-throughput isolation of DNA using manufacturer’s
protocols (Qiagen Inc). We used a standard DNA extraction protocol from the Earth Microbiome
Project (EMP) found at (http://www.earthmicrobiome.org/protocols-and-standards/dnaextraction-protocol). DNA was extracted and quantified by a Qubit 2.0 Fluorometer (Life
Technologies, Carlsbad, CA, USA). Control samples yielded DNA that was below detection
limits (<0.5 ng/mL). To obtain sufficient DNA for downstream sequencing, an amplicon PCR
was performed on the 16S rRNA gene using the primer pair 341F–806R, with Golay errorcorrecting barcodes on the reverse primer (Caporaso et al. 2012). DNA extraction is done
routinely in our laboratory at UIC, and the sequencing has been done via contract with the DNA
core facility at the Research Resources Center at UIC.
The physiochemical characteristics of the wetland have also been measured in detail over the
same monitoring period using standard methods. These parameters include nutrient
concentrations, wetland flow, residence time, rainfall events, the wetland’s aqueous
characteristics (pH, Temp, DO, ORP), and plant community density.
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Together, these datasets will be used to address four specific research objectives: the impacts of
ED quality and quantity on wetland denitrification, the impacts of microbial community structure
on wetland denitrification, the impacts of wetland flow hydraulics on nutrient removal, and the
relative removal of TN and TP in a treatment wetland.
Results
Electron Acceptor: NO3--N
Inlet/outlet data show that nutrient levels were highly variable in the wetlands. SRP
concentrations were generally low in both wetlands, averaging 0.14–0.05 mg/l in the inlet. By
contrast, NO3--N concentrations changed significantly over the monitoring period (Figure 3).
NO3--N levels averaged 8.0 mg/l in CW1 with concentrations frequently >5 mg/L in CW1 during
the late spring and summer, whereas concentration averaged 4.0 mg/l in CW2 during 2017–19.
NO3--N accounts for 98% of the total N in the inlet flow to the wetlands.
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Figure 3. Inlet and outlet Nitrate-N concentrations as well as precipitation for CW1 (top) and CW2
(bottom) based on daily sampling during 2017–19.
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Outlet NO3--N concentrations decreased substantially from August to September each year with
varying levels of precipitation. In both wetlands, the maximal denitrification rates and load
removal occurred at times of lower flow, circumneutral pH, and increasing temperatures,
consistent with other studies that show a correlation between denitrification and these conditions
(Poe et al. 2003, Kjellin et al. 2007, Warneke et al. 2011). Wetland water levels were much
lower in these months, suggesting that lower levels may also play a role in denitrification (García
et al. 2005). Shallower water depths likely result in greater mass transfer of NO3- to the sediment;
shallow conditions may promote better mixing, resulting in better nitrate transport to the layer
where denitrification is expected to happen (Phipps and Crumpton 1994, Sirivedhin and Gray
2006).
Precipitation data shows that 2018 was a drier year compared to 2019 (Figure ). Conversely,
large precipitation events clearly resulted in highly variable nutrient levels in the system, as well
as decreased removal efficiencies in terms of percent removal (inlet-outlet concentration) with
lags of several days until nitrate removal recommenced. Nitrate concentration varied
significantly with time and space in the wetlands (Figure 3). In August and September of both
years, there was a substantial trend of decreasing NO3--N concentrations throughout the
wetlands.
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Figure 4. Nitrate-N concentration within the wetland during 2019 for CW1 (top) and CW2 (bottom).
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CW1 has been removing nitrate at variable efficiencies (%) over the monitoring period with a
marked improvement observed in 2017 (Figure 5). CW2 results to date show a much greater
nitrate removal efficiency than CW1. We believe this higher efficiency is due to the greater
residence time and higher OM content due to the hydric soils at that site. Unlike with CW1,
monitoring of CW2 did not begin until after the operational water level and plant community
were established.

Figure 5. Average monthly nitrate removal efficiency (%) at CW1 during 2016–2019 (top) and CW2
during 2017–2019 (bottom) sampling periods.
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Wetland flow varied considerably during the period of study (Figure ) with average calculated
flows of 0.02 m3/s, 0.03 m3/s, and 0.06 m3/s in CW1, in 2017, 2018, and 2019, respectively.
These averages do not give a full indication of the variability within each year, as near-drought
conditions in 2017 resulted in no flow and drying of the wetland.
In 2016, 1100 kg NO3--N and 100 kg of soluble reactive phosphorous (SRP) were removed in
CW1. Load removal increased in 2017 to a total of 1700 kg N and almost 200 kg SRP. In 2018,
an additional 250 kg NO3--N was removed, whereas load removal increased to 1650 NO3--N kg
in 2019 (Figure ). Interestingly, SRP removal did not change in 2018 and decreased in 2019. The
latter result is consistent with SRP removal being primarily a physicochemical process with the
sediment. Increasing SRP removal may not continue at the same rate once the sediments’
binding sites become saturated and the annual accretion of new material with binding sites is
low.
The CW2 flow data analysis is currently under review; therefore, load removals cannot be
presented for this wetland at this time.
Electron Donor: Sediment Organic Matter
Sediment OM concentrations were analyzed during CW1’s development and maturation.
Sediment samples were analyzed for total, labile, and refractory OM components to determine
the extent to which wetland plant growth contributed to increasing bioavailable OM (Error!
Reference source not found., Figure 8). The overall average OM in CW1 surficial sediments
was 4.82 ± 2.13%, 3.50 ± 1.32%, and 5.11 ± 1.08% in 2017, 2018, and 2019, respectively
(Error! Reference source not found.). The OM increase is consistent with the growth and
incorporation of OM from the wetland plant community’s development. The average OM in
2018 decreased due to the drying event at 2017.
In comparison, the surficial OM in CW2 started with 6.74 ± 2.14 in 2017 and increased to 8.15 ±
1.62 in 2019. The sampling locations within the wetlands were categorized into three segments:
upper, middle, and lower sections. The OM data in both wetlands demonstrate a higher OM
presence at the second half of the wetland or closer to the outlet.
Results show that the OM in the CW1 sediment contained greater amounts of refractory organic
matter in 2016 and thus was not available for biodegradation (Figure ). Both OM and the
aliphatic/aromatic ratio increased in both CW1 and CW2 during these years, consistent with the
enrichment of labile OM in the wetland resulting from plant growth. OM and aliphatic/aromatic
ratios also increased within the wetland from the inlet to the outlet, suggesting that labile OM is
enriched near the wetland outlet. Considering the drying event at the end of 2017, lower OM and
ratio were recorded in 2018 (Figure ). Figure also depicts that the most biodegradable portion of
OM is at the surface compared to at depth and primarily in the second half of the wetland.
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Figure 7. Sediment OM at surface (0–2 cm) and depth (2–4 cm) for the three location segments within
CW1 (upper) and CW2 (lower) measured during the 2016–2019 sampling periods.
Final Report to NREC – Feb 2020

(a) OM (%) and aliphatic/aromatic ratio at surface (0–2 cm) and depth (2–4 cm) for three location segments in
CW1 for Oct 2016–2019.

(b) OM (%) and aliphatic/aromatic ratio at surface (0–2 cm) and depth (2–4 cm) for two location segments in
CW2 for Sept 2017 and Oct 2018.

Figure 8. OM and aliphatic/aromatic ratios at two depths for (a) three locations in CW1 for Oct 2016–
2019 and (b) two locations in CW2 in September 2017 and October 2018.
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Figures 9 and 10 depict the correlations between six variables at the lower third of CW1 and
CW2, respectively. This lower segment shows higher removal efficiency compared to the middle
and upper third of the wetland. The Pearson Correlation Analysis demonstrates how strongly
temperature (T) and nitrate removal efficiency are positively correlated in CW1. In CW2, OM
(sediment organic matter) and temperature were positively correlated with removal efficiency.
The average water depth was negatively correlated with nitrate removal in CW1 and CW2.

Figure 4. Pearson correlation in CW1 during sampling periods of 2016–2019.
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Figure 10. Pearson correlation in CW2 during sampling periods of 2017–2019.

Microbial Analysis: Cells
The objective of the microbial analysis was to assess the temporal and spatial development of the
denitrifying microbial population. This was achieved by characterizing known denitrifiers with
the OM variation at various wetland locations and depths below the sediment-water interface.
This work was based on the expectation that denitrifiers are found in the top layer of the
sediment where there is a balance between electron donors (OM) and acceptors (NO3--N).
In CW1, DNA analyses were performed on the preserved sediment samples taken over the
course of the wetland’s plant community establishment to test whether wetland plant growth
resulted in the build-up of labile organic matter needed to stimulate microbial denitrification.
Different sampling dates were chosen to cover all four seasons, initial conditions in the field, and
months with high nitrate removal.
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It is likely that denitrifying bacteria need time to grow and adapt to the wetland conditions with
abundant NO3- levels. More specific information on the denitrifying microbial community
structure would improve our understanding of the biological limitations on the denitrification
process, if any. This information includes gene assays that quantitatively track the concentrations
of denitrifying genes in the sediment using molecular biological techniques.
The microbial analysis will demonstrate the bacterial communities present in the system and how
they change throughout wetland establishment. Different studies showed that the most dominant
phyla are Proteobacteria, Verrucomicrobia, Chloroflexi, and Acidobacteria in natural wetlands
(Wang et al. 2012, Peralta et al. 2013, Ligi et al. 2014) and constructed wetlands (Ahn et al.
2007, Gorra et al. 2007). Bacteria with lower abundancies are from the phyla Firmicutes,
Bacteroidetes, and Planctomycetes (Arroyo et al. 2015). In constructed wetlands, members of the
phyla Proteobacteria, Firmicutes, Actinobacteria, and Bacteroidetes are involved in
biodegradation of organic matter, methanogenesis reactions, and nitrogen removal through
ammonia oxidizing, denitrification, and anammox processes (Truu et al. 2009).
Known denitrifying species in most sediments are under the phylum of Proteobacteria. In this
phylum, the most commonly observed genera are Pseudomonas, Enterobacter, and Rhodobacter
(Class: Gammaproteobacteria) (Zumft 1997, Song et al. 2011) and Luteolibacterium (Class:
Alphaproteobacteria) (Beganskas et al. 2018). Other common denitrifying genera are
Micrococcus (Phylum Actinobacteria), Bacillus (Phylum Firmcutes), Micrococcus (Phylum
Actinobacteria), and Flavobacterium (Phylum Bacteroidetes) (Truu et al. 2009. Meng et al.
2014, Ji et al. 2015).
It has previously been observed that most reported aerobic denitrifiers belong to α-, β-, and γProteobacteria, Bacillus and Actinobacteria (Ji et al. 2015). The most prevalent genera from
Proteobacteria are Pseudomonas sp. (γ), Anaeromyxobacter (σ), Dechloromonas (β), and
Geobacter (σ). Clostridium, Rhodobacter, Flavobacterium, and Candidatus Solibacter are
genera of Firmicutes, Actinobacteria, Bacteroidetes, and Acidobacteria respectively (Zumft
1997, Ji et al. 2015).
All phyla have been included in our analysis, and the results only show those that have been
found in the samples. Preliminary analysis at the phylum level (Figure 5) shows that dramatic
changes have occurred in the known denitrifying population in CW1 from 2016 to 2017. At the
surface, abundancy of Proteobacteria, Chlorobi, and Verrucomicrobia changed significantly (p <
0.02). Furthermore, the changes in Proteobacteria, Bacteroidetes, Acidobacteria, and Firmicutes
are noticeable at depth. A comprehensive study of microbial analysis of CW1 sediment cores is
in progress as an individual publication.
From the data in Figure 5, it can be seen that by far the greatest present genus has been assigned
to the Proteobacteria, which are the main common denitrifiers in constructed wetlands. It is
apparent that their abundancies, especially Pseudomonas, have changed significantly through
years. Previous studies have shown Pseudomonas sp. to be involved in denitrification (Ji et al.
2014, Zheng et al. 2014). Besides that, other relatively common aerobic denitrifiers with higher
abundances in constructed wetlands are Thauera, Zobellella, and Aeromonas (Fu et al. 2018).
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Figure 5. Microbial community phylum changes over two years of sampling in CW1 sediment.

There was a significant difference between the Pseudomonas abundancy throughout the CW1’s
development. Furthermore, other studies pointed out that a number of heterotrophic nitrifiers
such as Acinetobacter, Pseudomonas, and Aeromonas (Chen et al. 2014, He et al. 2016, Feng Su
et al. 2017) are able to utilize and transform organic nitrogen into nitrate. The lack of denitrifier
abundancies can be a possible explanation for the lower removal efficiencies in the system
during the first year of the wetland.
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Figure 62. Microbial community genus changes during development period at surface (upper) and depth
(lower) in CW1 sediment.

Conclusions
The results of the sampling campaign have demonstrated that denitrification/N removal was
initially quite limited in Constructed Wetland #1. Given that the system has excessive amounts
of electron acceptor (nitrate) in the system influent, there must have been other factors that
limited denitrification. Broadly speaking, these limitations can be understood from the overall
process shown in Equation 1.
OM (electron donor) increased greatly within the wetland from the upper segment (nearest the
inlet) to the lower segment (closer to the outlet) from 2016 to 2019 (Error! Reference source
not found.). Sediment OM enrichment was largely confined to the 0–2 cm sediment core
samples taken at the sediment-water interface. Nitrate levels decreased within CW1 from the
inlet to the outlet (Figure 3), similar to the trend of increasing OM percent and the higher
presence of denitrifying bacteria in the second year (Figure 5). These findings are consistent with
the hypothesis that higher OM levels and higher abundancy of microbial community stimulate
higher nitrate removal.
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Constructed wetlands typically require at least five years of operation for plant establishment and
maturity and adaptation of the microbial populations. CW1 (0.7 ac) was built in August 2015
with a non-hydric growth media. The wetland vegetation rapidly grew in the first summer of
operation and created a high-value wetland habitat for increased nutrient removal efficiency and
wildlife. Nutrient removal efficiency was variable during the wetland’s establishment period, but
substantial N and P load removal had occurred in Year 1.
Improvements in nutrient removal efficiency in CW1 were observed in 2017 after the 2016
complete plant growth cycle (growth and senescence) with the subsequent incorporation of
organic matter into the wetland sediment and a higher abundancy of denitrifying bacteria.
Changes in the sediment OM concentration that occurred during the drying event in 2017 were
concomitant with the lability of the OM. This finding is consistent with a rapid biodegradation
and oxidation of labile OM as the sediment dried out and became oxic. With the loss of a
substantial amount of denitrifying bacteria during the drying event in 2017, a decrease in nitrate
removal efficiency occurred after October 2017 (Figure 5). The high removal efficiency
observed in August 2017 did not recommence until 2019.
In summary, multiple years of data at CW1 have demonstrated increased treatment efficiency
and load removal of nitrate-nitrogen over time (Figure ). We can see that treatment efficiency has
increased as the wetland community has become more established and stable. This is consistent
with our guiding hypothesis that the presence of labile organic matter plus a competent
denitrifying microbial community controls nitrate removal. Based on this, multi-variate statistical
analyses will be performed on the wetland physiochemical data (sediment organic matter
characterization, organic carbon lability, wetland plant density); wetland hydraulic data (wetland
flow and residence time); weather data (rainfall, and other meteorological data from an on-site
weather station); aquatic characteristics (nutrients, pH, temperature, DO, and ORP); multidomain microbiome characterization; and particle tracer studies in order to understand
limitations to denitrification in the treatment wetland.
CW2 (0.8 ac) was built in August 2016 with a hydric growth media. Monitoring of this wetland
began in September 2017 after establishment of the wetland plant community. The results to date
show a much greater NO3--N removal efficiency at CW2 than CW1. Monthly average removal
efficiency ranged between 50–90% except during October 2017 during the drying event. Higher
removal efficiency is due to the greater residence time and availability of labile OM for the
denitrifying microbial community. Load removal determination, microbial community
composition analyses, and statistical analyses will be completed in 2020.
Constructed wetlands have shown promise as a solution for capturing and reducing nutrient loss
from tile drainage. Data collected under this research project demonstrate that nitrate removal
efficiency substantially increased over the sampling periods corresponding to the increase of
labile OM and higher abundancy of microbial communities in the system.
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Publications and outreach
To disseminate the research findings to date, the UIC research team has given 13 presentations
and prepared two publications over the period of the study (listed below).
Publications:
1. Izadmehr, M. and K. J. Rockne (2018) “Pocket Wetlands for Nutrient Removal in Tile-Drained
Agriculture”. In: World Environmental and Water Resources Congress 2018: Watershed
Management, Irrigation and Drainage, and Water Resources Planning and Management. Sri
Kamojjala, Ed., pp 404-414. https://doi.org/10.1061/9780784481400.038.
2. Buckley, D., M. Izadmehr, J. Kostel, and K. J. Rockne (2016) Constructed Wetlands to Reduce
Nutrients from Runoff in Croplands: The Implications for Urban Stormwater. Stormwater.
17(7):4.

Presentations (speaker underlined):
1.

Izadmehr, M. and K. Rockne (2019) “Impact of Drying Conditions on Nutrient Removal,
Sediment Organic Matter, and Microbial communities in a Treatment Wetland”. Illinois NREC
Conference. Springfield, IL. Dec 2019.

2.

Izadmehr, M. and K. Rockne (2019) “Identifying limits to Denitrification in Constructed
Wetlands”. Wisconsin Wetland Association Conference. Wisconsin, Feb 19-21, 2019. Best
Student Paper Presentation- Honorable Mention.

3.

Izadmehr, M. and K. Rockne (2019) “Identifying Factors Influencing Tile Drainage Nutrient
Removal Efficiency in Constructed Wetlands”. American Society of Civil Engineers
Environmental and Water Research Institute (ASCE-EWRI) 2019 World Environmental & Water
Resources Congress. Pittsburg, PA. May 19-23, 2019.

4.

Izadmehr, M. and K. Rockne (2019) “Impact of Drought Conditions on Nutrient Removal,
Sediment Organic Matter, and Microbial communities in a Treatment Wetland”. Association of
Environmental Engineering & Science Professors (AEESP). Temp, Arizona. May 14-16, 2019.

5.

Izadmehr, M. and K. Rockne (2018) “Impact of Drought Conditions on Nutrient Removal,
Sediment Organic Matter, and Flow Hydraulics in a treatment Wetland”. American Geophysical
Union Academic & Science (AGU). Washington, D.C. Dec 10-14, 2018.

6.

Izadmehr, M. and K. Rockne (2018) “Annual Changes in the Sediment Microbiome Structure
During Development of a Constructed Wetland”. American Society for Microbiology (ASM)
Microbe 2018. Atlanta, GA. June 8, 2018.

7.

Izadmehr, M. and K. Rockne (2018) “Pocket Wetlands for Nutrient Removal in Tile-Drained
Agriculture”. American Society of Civil Engineers Environmental and Water Research Institute
(ASCE-EWRI) 2018 World Environmental & Water Resources Congress. Minneapolis, MN.
June 3-7, 2018. Paper awarded first place in the graduate student paper competition.

8.

Izadmehr, M. and K. Rockne (2018) “Nutrient Removal Efficiency in An Engineered Wetland”.
Christopher B. and Susan S. Burke Civil Engineering Graduate Poster Competition, UIC.
Chicago, IL. April 2018. Poster awarded 3rd place in the competition.
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9.

Rockne, K. J. and J. Kostel (2017) Treatment Wetlands for Meeting the Illinois Nutrient
Reduction Strategy Goals, Illinois Nutrient Research and Education Council, Northern Illinois
Public Forum, Princeton, IL, June 27, 2017.

10. Rockne, K. J. M. Izadmehr, J. Kostel (2017) Treatment Wetlands: A Key Technology for

Meeting the Illinois Nutrient Reduction Strategy Goals, Invited Speaker: Society of American
Military Engineers (SAME), US Army Corps of Engineers Chicago District, Chicago, IL, January
18, 2017.
11. Izadmehr, M., K. J. Rockne, J. Kostel and G. Johnson (2017) Sediment Microbiome Dynamics in

a Nutrient Treatment Wetland Sediment, the Battelle Contaminated Sediment Conference, New
Orleans, LA, January 15, 2017.
12. Izadmehr, M., K. J. Rockne, J. Kostel and Buckley, D. (2016) Constructed Wetlands to Reduce

Nutrients from Runoff in Croplands: The Implications for Urban Stormwater, the StormCon
Conference, Indianapolis, IN, August 23, 2016.
13. Izadmehr, M. and K. Rockne (2016) “Demonstrating and Monitoring Nutrient Removal in a

Constructed Wetland”. Illinois Water Conference. Urbana, IL. October 27, 2016.
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Planned Activities for 2020
In 2020, TWI will continue to partner with the University of Illinois-Chicago to continue water
quality monitoring via autosamplers at the first two constructed wetland sites as their biological
communities mature; collect a full growing season’s data on the third wetland’s performance
using autosamplers as another example of this practice’s implementation; incorporate nutrient
sensor technology in the first two wetland sites to be compared with ongoing autosampler data
collection; and perform microbial community analyses on Constructed Wetland #2 (CW2).
These research objectives can be further described as follows:
Objective 1: Deploy nitrate sensors in the first two constructed wetlands (CW1 and CW2)
and assess their data quality and accuracy over the course of operations in the 2020 growing
season. The sensor data will be compared to ongoing samples collected from the autosamplers
and analyzed in the laboratory using standard methods. Successful deployment of nitrate sensors
that produce defensible data will greatly facilitate data analysis and visualization techniques to
understand how wetland physical, chemical, and biological characteristics impact wetland
treatment efficiency, as demonstrated by nitrate removal.
Objective 2: Assess how the microbial population has changed in our second constructed
wetland (CW2) during wetland development from construction to operations over the course of
two to three growing seasons. We will then be able to compare this dataset from a constructed
wetland with hydric soils (former wetland) to our ongoing characterization of the microbial
community in the first constructed wetland (CW1) with upland soils. The microbial analyses for
CW1 were accomplished through resources provided by a separate funding source.
Objective 3: Collect a full growing season of data on the nutrient-removal performance of
the new constructed wetland in Livingston County (CW3). This water quality sampling has
been developed in collaboration with a PhD student in civil and environmental engineering at the
University of Illinois at Urbana-Champaign who was recently awarded a USDA NIFA predoctoral fellowship. She plans to study N2O emissions as part of the nitrogen treatment potential
of constructed wetlands and woodchip bioreactors on tile-drained agricultural land. We
anticipate that UIC will process most of the samples from CW3 using the nutrient analyzer at Dr.
Rockne’s laboratory that was purchased through partial funding from NREC. Once a full year of
data is obtained from CW3, it will be compared with results from the other two wetlands to
evaluate differences in their performance and the effect of improvements made to the design.
Meanwhile, our farmer outreach and technical assistance will continue across TWI’s targeted
watersheds. TWI’s relationships with ag-sector entities have evolved into active, leading roles in
broader collaboratives like the Illinois Sustainable Ag Partnership (ISAP) and the Vermilion
Headwaters Watershed Partnership. As a clear indication of TWI’s success in building these
close partnerships to spread the practice, Dr. Kostel will serve as chair of ISAP in 2020 and is
also serving on the subcommittee of the NRCS State Technical Committee to help designate
high-priority practices for EQIP funding.
As mentioned above, in early 2020 TWI plans to retain a part-time engineering consultant to
assist in completing site evaluations and preparing preliminary wetland designs for prospective
landowners. We expect this addition to the team to facilitate another expansion of the project
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from three to five counties in north-central Illinois. At the same time, we are exploring
innovative partnerships that could aid replication of the wetland practice and overcome barriers
to implementation. These new ideas include bundling tech companies’ cutting-edge on-farm data
services with TWI’s technical assistance package to incentivize farmers to adopt wetland
practices, and creating a backstop guarantor fund that would guarantee local banks’ loans to
qualifying farmers to install a constructed wetland.
Potential Impact of Project
Constructed tile-treatment wetlands offer a practical edge-of-field solution to the challenge of
reducing nutrient losses from tile drainage, without taking a large amount of farmland out of
production. Converting marginal land along streams or drainage ways to a wetland can actually
boost a farm’s profitability by eliminating costly inputs into revenue-negative land. Our
communications about the wetland practice focus on how constructed wetlands can not only be
an effective tool for reducing nutrient loss, but also economically feasible as part of a productive
farming operation.
All our objectives are anticipated to lead to broadly increased farm-sector knowledge about and
interest in the constructed wetland practice and use of these wetlands spreading within our three
targeted watersheds and beyond in Illinois. Success in driving implementation of nutrientremoval wetlands could be replicated to produce cleaner water in similar watersheds throughout
Illinois and the Upper Midwest. Our research on the nutrient removal effectiveness of
constructed wetlands will build the knowledge base of their exact nutrient removal processes and
can be used to optimize this practice to achieve the greatest on-farm nutrient loss reduction.
Budget Update and Analysis
In addition to the NREC grants, funding for this project in 2019 was provided by:
 A two-year award from The McKnight Foundation’s Mississippi River program;
 A two-year grant from the Walton Family Foundation Mississippi River program, plus a
new Walton grant to support continued implementation of constructed wetlands;
 A two-year grant from the National Fish and Wildlife Foundation’s Conservation
Partners Program to accelerate on-the-ground use of on-farm conservation practices; and
 Smaller grants from corporate sources, including New Belgium Brewing and Clif Bar
Family Foundation.
Attached is a table that compares the 2019 project budget with actual project expenditures to date
(through December 31, 2019). The table includes allocation of the NREC $70,000 grant,
primarily focused on the wetland water quality monitoring/research, and of the NREC $15,000
grant, which supported staff time spent on outreach and production of new outreach materials,
including standup displays for tabling events and trifold brochures for raising awareness about
constructed wetlands and TWI’s project.
There were five significant deviations from the original project budget, compared with actual
expenses:
 Roadside signs were not installed for any new wetland sites;
 No costs were incurred for farmer cost-share; and
 Seed expenses for planting the wetlands came in much lower than budgeted; and
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New categories were added for outreach materials and graphic design services.

The first three differences all occurred because a new farm-based wetland was not built on
private property under this project in 2019: TWI did not have to pay for the construction costs
for the Illinois Central College wetland, and implementation of the newly committed LaSalle
County wetland site is anticipated in 2020, pending availability of a new round of EQIP funding.
The new categories pertain to the additional funding TWI requested and secured from NREC to
support expanded outreach efforts on the project to reach more landowners and partners about
the availability of constructed wetlands as an effective nutrient loss reduction tool. Otherwise,
project expenses generally came in as anticipated.
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2019 Project Budget vs. Project Actual Expenditures (through 12/31/2019)
Expense Categories
A. Personnel
1. Project manager (Dr. Jill Kostel)
2. Field outreach specialist (Jean McGuire)
3. GIS analyst (Jim Monchak)
4. Landowner liaison (Rick Seibert)
5. Partnership‐building (Paul Botts)
Subtotal
B. Fringe Benefits
1. Fringe Benefits at 25%
Subtotal
C. Travel
1. Dr. Kostel travel
2. Ms. McGuire travel
Subtotal
D. Equipment
1. Equipment rental for land surveying
Subtotal
E. Supplies
1. Field day costs
2. Newspaper ads/online marketing
3. Water quality monitoring supplies
4. Presentations/conferences
5. Roadside signs for wetland sites
6. Seed of milkweed and pollinator plants
7. Permits for wetland installation
8. Miscellaneous (postage, phone calls)
9. Outreach materials (displays, handouts)
Subtotal
F. Contractual Services
1. CBBEL (review of wetland design sets)
2. UIC water quality monitoring/analysis
3. Faire Projects (graphic design)
Subtotal
G. Other
1. Farmer cost‐share (wetland construction
Subtotal

2019 Total
Budget

2019
Expenses

NREC $70k
Research

NREC $15k
Outreach

$69,919
$40,287
$21,437
$4,500
$6,500
$142,644

$71,587
$40,290
$19,333
$4,271
$5,074
$140,555

$16,771

$7,282

$35,661
$35,661

$35,139
$35,139

$4,193

$1,821

$3,000
$3,500
$6,500

$5,250
$3,198
$8,448

$600

$1,000

$2,800
$2,800

$250
$250

$5,000
$1,800
$1,500
$1,000
$6,000
$17,000
$900
$1,000
‐‐
$34,200

$4,624
$327
‐‐
$1,131
‐‐
$4,762
$26
$687
$2,617
$14,174

$10,500
$50,699
‐‐
$61,199

$7,229
$44,285
$1,300
$52,814

$48,000
$48,000

‐‐
$0

DIRECT COSTS
H. Indirect Charges (29.59% of salaries; TWI
federally approved provisional rate for 2018)

$331,004

I. TOTAL COST
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$1,442
$1,442

$43,474
$43,474

$1,300
$1,300

$251,380

$65,038

$12,845

$42,208

$41,590

$4,962

$2,155

$373,212

$292,970

$70,000

$15,000

CONSTRUCTED WETLAND PIPELINE
Farmer
ID*

Watershed

BCOT-1

West Bureau Creek

BCPT-1

Big Bureau Creek Trib

BCPT-2

Big Bureau Creek Trib

N/A

BCOT-2

Masters Creek Trib

 Adjacent to ditch
 Intercepting two tiles (5” and 6”)

BCDT-1

Ditch to East Bureau Crk

 Upstream of ditch in grassed
waterway
 Intercepting 8” tile

BCDT-2

Masters Creek Trib

 Edge of field

BCBT-1

Ditch to East Bureau Crk

 Divert 15” tile
 Adjacent to ditch, step-down
cells

BCGT-2

Ditch to Green River

 Tile pumping station (existing)
 Adjacent to ditch

BCMT-1

Senachwine Creek Trib

N/A

BCWT-1

Pond Creek

N/A

BCWT-2

Walnut Special Ditch Trib

N/A

BCCT-1

Pond Creek

 Intercept 12” main prior to drop
structure/retaining wall

BCPT-3

East Bureau Creek Trib

N/A

BCWY-1

West Bureau Creek

N/A

BCCT-2

Mud Creek

N/A

BCNT-1

Coal Creek

N/A
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Design Type

Status**
















Adjacent to headwater
Diverting 12” tile to wetland
Adjacent to ditch
Intercepting 8” tile

Construction and seeding completed
Monitoring research continuing
Construction and seeding completed
Monitoring research continuing
Off-site investigation and site visit completed
Did not meet criteria in regards to tile and cropland
Off-site investigation completed
Preliminary design of 0.3 acre wetland
Landowner undecided

 Off-site investigation completed
 Landowner undecided with current crop prices
 Off-site investigation and site visit completed
 Waiting for landowner/farmer info on additional tile info as only 4”
tile found on site (drainage area too small)
 Off-site investigation completed
 Preliminary design in progress
 Waiting for site information from farmer
 Off-site investigation completed
 Preliminary design of 3.0 acre wetland
 Waiting for landowner response on design and cost estimate
 Off-site investigation completed
 Did not meet criteria in regard to tile and cropland
 Off-site investigation completed
 Did not meet criteria in regard to tile and cropland
 Off-site investigation completed with property visit
 Did not meet criteria in regards to tile and cropland
 Off-site investigation and site visit completed
 Started preliminary design based on tile map from owner
 Off-site investigation completed
 Did not meet criteria in regard to tile and cropland
 Off-site investigation completed
 Did not meet criteria in regard to tile and cropland
 Off-site investigation completed
 Did not meet criteria in regard to tile and cropland
 Off-site investigation completed
 Did not meet criteria in regard to tile and cropland

Farmer
ID*

Watershed

Design Type

Status**

BCWH-1

Senachwine Creek

 Adjacent to ditch
 Recently tiled (aerial photo)

BCWH-2

Senachwine Creek

 Adjacent to ditch

CC/DC

Two Mile Slough-Site A

 Shallow “backwater” marsh for
drainage district

CC

Two Mile Slough-Site B

CC

Salt Fork Area 1-North

CC

Salt Fork Area 2-North

CC

Salt Fork Area 2-South
















FCDT-1

Drummer Creek

FCLT-1

Trib to Middle Fork
Vermilion River

GCGT-1

Gooseberry Creek Trib

HCBT-1

Henderson Creek

HCBT-2

Henderson Creek

HEC-WT-1

Trib. S. Edwards River

HEC-WFT1

Indian Creek

JCST-1

Mill Creek
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 Conversion of CP9 to CP39
 Adjacent to creek
 Two separate 8” tile mains/two
cells
 Infield wetland with surface
water
 Small tile drainage field to 8-10”
intake
 Adjacent to creek
 Multiple tile intercept options
 9” and 10” tile intercepted
 Grassed waterway, upstream of
dry dam
 12”, 8”, 15” tiles
 Grassed waterway (8” or 15”
only)

 Flow through or diversion system

Off-site investigation and site visit completed
Tile pattern prevents wetland siting near ditch
Off-site investigation and site visit completed
Determining in-field tile locations for prelim design
Off-site investigation completed
Recommending shallow marsh creation with WCS
Off-site investigation completed (pattern tile in area)
Arranging on-site meeting
Off-site investigation completed
Arranging on-site meeting
Off-site investigation completed
Arranging on-site meeting
Off-site investigation completed
Arranging on-site meeting

 Off-site investigation completed with property visit
 Determining if site can meet CP39 requirements

 Off-site investigation completed with property visit
 Currently in appropriate CRP practice
















Off-site investigation completed with property visit
Preliminary design in process
Off-site investigation and site visit completed
Preliminary design in progress
Landowner interested but undecided for 2019
Off-site investigation and site visit completed
Preliminary design in progress
Landowner interested but undecided for 2019
Off-site investigation started
Need additional landowner information
Off-site investigation started
Need additional landowner information
Off-site investigation completed with property visit
Preliminary design finished
Waiting for landowner feedback

Farmer
ID*

Watershed

Design Type

KC

Minnie Creek

 Within ditch

LCPRT-1

Vermilion River Trib

 3 separate 8” tiles
 In or adjacent to existing grassed
waterways

LCST-1

Fivemile Creek

 Partial 12” flow combined with
8” tile
 Adjacent to creek

LCAT-1

Hickory Creek

 Adjacent to tile main/edge of
field
 Partial 20” tile main flow

LCAT-2

S. Fork Vermilion River

LCET-1

Mud Creek

 4” tile from adjoining property
(drainage area <5 acres)

LCGT-1

S. Fork Vermilion River

 Edge of field to GW (no ditch)

LCUT-1

Fivemile Creek

LCST-2

Fivemile Creek

LCSUNT-1

Vermilion River Trib

LCPRT-1
LCPRT-2
LCRT-1

 4” surface tile intake visible
 Infield wetland with surface
water
 6”, 6”, and 10” tile
 Adjacent to creek or pasture
boundary
 Within conservation area,
multiple tile outlets

GW to N. Fork Vermilion
River
GW to N. Fork Vermilion
River
Eagle Creek

 Adjacent to creek

LSCOCT-1

Vermilion River Trib

 Either 10” or 15” tile
 Adjacent to ditch

LSCRT-1

Eagle Creek

LECEG-1

Final Report to NREC – Feb 2020

Status**


















Off-site investigation started (have tile maps)
Need additional landowner information
Off-site investigation completed with property visit
3 conceptual designs developed for 1 parcel
Waiting for landowner feedback
Final design completed
EQIP contract obligated
Construction completed in Aug 2018
Seeded and planted in 2019
Off-site investigation completed with property visit
Preliminary design on hold until addition in-field tile information
and location preference received
Off-site completed
Waiting for tile information from landowner
Off-site investigation and site visit completed
Did not meet criteria regarding tile and cropland
Off-site investigation completed
Waiting for site information from landowner

 Off-site investigation completed with property visit
 Waiting for site information from landowner



















Off-site investigation completed with property visit
Additional site information from landowner needed
Preliminary design in process
Off-site investigation completed with property visit
Determining if meets criteria
Off-site completed
Waiting for tile information from landowner
Off-site completed
Waiting for tile information from landowner
Off-site investigation completed with property visit
Determining if meets criteria
Off-site investigation completed
Did not meet criteria in regard to tile and cropland
Landowner completed EQIP application
I&E completed, waiting NRCS approval
Draft final design set presented to landowner for review
Off-site investigation and site visit completed
Waiting for tile information from landowner

Farmer
ID*

Watershed

LSCOT-1/2

Sandy Creek

MAFT-1

Honeycutt Branch Cr

McD-BT
McD-ST
HC

2 individual fields
7 individual fields
1 field

McLYT-1

Rooks Creek

McLMCT-1

Money Creek

MOHT-1

Shoal Creek

 20 CW for drainage district

MPBT-1

S. Branch Crow Cr E

 Adjacent to ditch

MPET -1

Ditch to Sandy Creek

 8” tile
 Grassed waterway

MPET-2

Sandy Creek

 Adjacent to creek

MPHT-1

Clear Creek

 6” and partial flow from 24” main
 Adjacent to creek

MPST-1

Illinois River Trib

N/A

MPMT1

Little Sandy Creek

 Adjacent to creek

MPSAT1

Scholes Creek

 Adjacent to creek

MPLT-1

Crow Creek - East

N/A

PCUT-1

Hammond Mutual Ditch

 Adjacent to ditch, incorporated
in new tile drainage system by
SFDI
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Design Type

 Adjacent to creek

Status**






Off-site investigation and on-site visit completed
Waiting for tile information from landowner
Off-site investigation and on-site visit completed
Site did not meet tile drainage criteria
Recommended in-field practices for soil erosion

 Multiple farm field in two counties
 Requested tile maps to determine which fields will meet criteria
 Edge of field prior to surface
intake





























Off-site and on-site completed
Recommended different CRP practice
Off-site completed
Waiting for tile information from landowner
Off-site investigation started
Springfield Plastic to provide tile map
Off-site assessment and on-site completed
Waiting for in-field tile information from landowner
Off-site investigation completed with a site visit
Landowner interested, but sold the property
Off-site investigation completed with a site visit
Did not meet criteria regarding tile
Off-site investigation completed with a site visit
Preliminary design in progress
Landowner interested, but inheriting family was not
Off-site investigation completed
Did not meet criteria regarding tile and cropland
Off-site investigation started with property visit
Determining if meets criteria with limited pattern tile
Off-site investigation started with property visit
Preliminary design in process
Off-site investigation completed
Did not meet criteria regarding tile drainage
Recommended different CRP practice
Off-site investigation completed
Prelim design set to landowner/tile contractors
Based on location and cost estimate, recommended different
practice

Farmer
ID*

Watershed

Design Type

RCET-1

Copperas Creek

 Adjacent to creek

SCHT-1

Richland Creek

TCFT-1
(ICC
FARM)

Farm Creek Trib

WCPT-1

Rock Creek

WCPT-2

Rock Creek

 Intercepting 12’ tile prior to
retention pond

Status**














Off-site investigation and site-visit completed
Soil borings and topographic survey completed
Preliminary design started
Off-site investigation started
Waiting on additional information from landowner
Off-site investigation and topo survey completed including soil
borings
Final design approved by ICC Board of Trustees
Construction completed in July 2019
Seed and planted in 2020
Off-site investigation completed
Waiting on additional information from landowner
Off-site investigation completed
2 Pipelines in vicinity of possible wetland location

* Landowners listed in green have implemented a constructed wetland on their property. Landowners in blue are at final design stage. Landowners in yellow are in “limbo” due
to no response or decision. Landowners in gray had sites that were not best suited for a constructed wetland and will not continue to move through the “leads pipeline.”
** Off-site investigation includes steps to determine if it the location is feasible for a constructed wetland, and if feasible, an estimation of the wetland and surrounding buffer
area and position on landscape. It includes topography, floodplain determination, soil types and drainage classes, and estimation of tile drainage area if tile maps are not
available. If landowner agrees to proceed, then the preliminary design starts with hydrology and hydraulic analyses and proceeds to a preliminary engineering design layout. If
landowner wants to implement the wetland, then CRP/EQIP sign-up, final design, and permitting are completed.
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2019–2020 Presentations by Dr. Kostel on Constructed Wetlands/TWI’s Project
Date
1/10/2019
2/27/2019

7/24/2019

7/25/2019

Event
SmartWetlands Luncheon
UI Extension Conservation & Soil Health
Seminar
ISAP 2019 Advanced Conservation Drainage
Training #2 (Constructed Wetlands): Wetland
Practices: Similarities & Differences,
Constructed Wetland Planning Exercise
ISAP Conservation Field Day

INLRS “Edgy Conservation” Workshop, UI
Extension and Rock Island County SWCD
USFWS Wetland Training Workshop,
10/17/2019
Champaign, IL
8/23/2019

1/29/2020

Midwest Fish & Wildlife Conference,
Springfield, IL

3/9/2020*

Kane & DuPage County SWCD Soil Erosion
Workshop, Elgin, IL

Audience
Investors, technology
developers, TWI Board,
project partners
Farmers, agency staff,
ISAP members
Farmers, landowners,
agency staff,
contractors
Farmers, landowners,
agency staff,
contractors,
conservationists
Farmers, landowners,
agency staff
Farm Bill biologists,
agency biologists
Agency and NGO
biologists, ecologist,
wildlife experts
Public agency staff,
landowners,
contractors, farmers

Estimated
Attendees
50
20

20

40

20
20
60

40

* Future presentations/events already scheduled

2019–2020 Presentations by Ms. McGuire on Constructed Wetlands/TWI’s Project
Date

Event

1/7/2019

Lasalle County SWCD Board Meeting

2/26/2019

Knox County SWCD Contractors Meeting

3/20/2019

Knox County SWCD Board Meeting

8/7/2019

ISAP 219 Advanced Conservation Drainage
Training #3 (Drainage Water Management):
Farmers’ views of themselves and agriculture
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Audience
Board Members &
Staff
Knox County Land
Contractors
Board Members &
Staff
Farmers, landowners,
agency staff,
contractors

Estimated
Attendees
10
25
9
20

2019–2020 TWI Staff Participation in Partner Meetings and Farmer Outreach Events
Date
1/17/2019
1/22/2019
1/24/2019
1/28/2019
2/6/2019
2/7/2019
2/11‐
13/2019
2/21/2019
2/22/2019
2/23/2019
2/27/2019
3/8/2019
3/11/2019
3/12/2019
3/19/2019
3/28/2019
3/28/2019
4/5/2019
4/8/2019
4/9/2019
4/10/2019
4/17/2019
4/19/2019
5/3/2019
5/8/2019
5/13/2019
5/15/2019
5/17/2019
6/10/2019
6/17/2019
6/18/2019
6/26/2019
6/27/2019
7/8/2019
7/9/2019

Event
Vermilion River Headwaters Advisory Partner meeting, Pontiac, IL
Conservation Cropping Seminar, Mendota, IL
Livingston County SWCD Annual Meeting, Pontiac, IL
Alphabet Soup‐ ISAP workshop, Decatur, IL
ISAP Risk Management Conference mtg/ISAP Steering Committee mtg,
Normal, IL
IL Farm Manager & Rural Appraiser Annual Meeting, Decatur, IL
EDF’s Natural Solutions for Flooding, Drought and Nutrient Pollution, Kinston,
NC
Wisconsin Wetland Association Science Conference, Madison, WI (Graduate
student presented on our constructed wetlands research)
Precision Ag Workshop, National Pheasant Fest & Quail Classic, Schaumburg, IL
Women on the Wing Luncheon, National Pheasant Fest & Quail Classic,
Schaumburg, IL
UI Extension Conservation & Soil Health Seminar, IVCC, Oglesby, IL
2019 Risk Management Conference, planning call
ISAP Advanced Conservation Drainage Training Steering Committee call
State Technical Committee Meeting, NRCS State Office, Champaign, IL
UI Grad Ag Stakeholder Symposium, Chicago, IL
VRH Advisory Group Meeting, Forrest, IL
VRH Partners Group Meeting, Forrest, IL
2019 Risk Management Conference, planning call
ISAP Advanced Conservation Drainage Training Steering Committee call
Soil Health Summit/Alphabet Soup Meeting, Springfield, IL
IL Walton Grantee Call
Farm Progress Show – Partners in Conservation, Planning meeting/call
2019 Risk Management Conference, planning call
ISAP Leadership Meeting, call
IL Walton Grantee Future Conditions (Market Drivers) call
ISAP Advanced Conservation Drainage Training Steering Committee call
IL Walton Grantee enabling conditions #1 and #2 call
Five‐Mile Creek (VRH Advisory) planning call
ISAP Advanced Conservation Drainage Training Steering Committee call
ISAP Advanced Conservation Drainage Training #1 (Saturated Buffer),
Champaign, IL
ISAP Advanced Conservation Drainage Field Day Event, Argenta, IL
Walton Group in‐person meeting, DeKalb, IL
ISAP Risk Management Conference, DeKalb, IL
ISAP Advanced Conservation Drainage Training Steering Committee call
State Technical Committee Meeting, NRCS State Office, Champaign, IL
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TWI
Staff*
JK & JM
JM
JK & JM
JK
JK
JM
JK
JK
JK
JM
JM
JK& JM
JK
JK
JK
JK & JM
JK & JM
JM
JK
JK
JK
JM
JM
JK
JK
JK
JK
JK & JM
JK
JK
JK&JM
JK
JK & JM
JK
JK

7/17/2019
7/24/2019
7/25/2019
7/31/2019
8/7/2019
8/27‐
29/2019
9/25/2019
10/10/2019
11/4‐6/2019
11/5‐6/2019
11/7/2019
11/3/2019
12/6/2019
12/16/2019
1/13/2020
1/21/2020
1/23/2020
1/29/2020
1/29/2020
1/29/2020
1/31/2020
2/3/2020
2/4/2020
2/6/2020
2/6/2020

ISAP Leadership Meeting, call
ISAP Advanced Conservation Drainage Training #2 (Constructed Wetland),
Peoria, IL
ISAP, ICC, TWI Field Day at Illinois Central Collage, East Peoria, IL
ISAP Advanced Conservation Drainage Training Steering Committee call
ISAP Advanced Conservation Drainage Training #3 (DWM), Decatur, IL

JK

JM
JK
JK & JM

Farm Progress Show, Partners in Conservation Tent, Decatur, IL

JK & JM

ISAP Partner Meeting, Illinois Central College, East Peoria, IL
Livingston County Grade School Conservation Day, Pontiac, IL
Walton Family Foundation Convening, Davenport, IA
Midwest Watershed Leadership Workshop, Cedar Rapids, IA
State Technical Committee Meeting, NRCS State Office, Champaign, IL
ILNLRS Biennial Meeting, Springfield, IL
VRH Partners Group Meeting, Forrest, IL
ISAP Steering Committee Meeting, Bloomington, IL
ISAP Science Advisory Meeting, Champaign, IL
Tile and Water Management Seminar, Henry, IL
Conservation Cropping Seminar, Rochelle, IL
Alphabet Soup, Decatur, IL
Livingston County Farm Bureau Agronomy Day
Beef Cattle Meeting for Bureau, LaSalle, Marshall, and Putnam Co., Oglesby, IL
Bureau & LaSalle County SWCDs Pond Clinic, Peru, IL
ISAP Advanced Conservation Drainage Training Steering Committee call
Livingston County Working Group, Pontiac, IL
State Technical Committee Financial Assist. Program Sub‐Committee call
State Technical Committee Wildlife Sub‐Committee call
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* JK = Project Manager/Environmental Engineer Dr. Jill Kostel; JM = Field Outreach Specialist Jean McGuire

Final Report to NREC – Feb 2020

