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Executive Summary 

Building on 25 years of landowner engagement and conservation implementation in the 

Mackinaw River watershed, this CIG project was designed to develop, evaluate, and refine a watershed 

management program that bundles in-field and edge-of-field conservation practices for water quality 

improvements in a way that is economically viable, compatible with agricultural production, and 

replicable in watersheds across the Upper Mississippi River Basin.  We promoted practices to improve 

nutrient management on farmlands and reduce nutrient export from tile drains in the Money Creek 

watershed, a HUC-12 sub-basin of the Mackinaw River.  Like many watersheds in the Corn Belt region, 

Money Creek is predominately agricultural and heavily tile-drained. The project included extensive 

farmer engagement, broad outreach within the agricultural community, collaboration with local and 

state leaders and academic partners, and the development of outreach and educational materials. 

 

Project Highlights 

• We implemented a three-year Adaptive Nitrogen Management (ANM) program that showed (a) 

increased enrollment in the program over time (b) provided insight that nitrogen loss is likely 

due to the fall timing of fertilizer application rather the application rate (c) increased transition 

towards spring nitrogen application among participants, and (d) decreased total nitrogen 

application rates.  We formed an agricultural advisory group to work with McLean County SWCD 

to obtain an Illinois EPA 319 grant to fund custom spring application of fertilizer on 3000 acres 

and share results at field days.  There is growing recognition of the importance of application 

timing and interest among watershed producers in shifting from fall to spring nitrogen 

application, provided they can overcome barriers such as access to proper equipment, timing 

relative to weather and other farm responsibilities in spring, and potentially higher fertilizer 

costs in spring compared to fall. 

• We exceeded deliverables by constructing seven tile treatment wetlands during the grant 

period, six through the Conservation Reserve Program, and one using private funding. All seven 

wetlands meet NRCS design specifications for CP39 wetlands, and water quality monitoring is 

occurring at all sites.  Preliminary results from 1-2 years of data collected from four of the 

wetlands shows they are reducing annual nitrate loads from agricultural tiles by up to 51%. 

mailto:mlemke@tnc.org
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• Outreach by local, knowledgeable and trusted providers was instrumental in achieving our 

Farmer Network and CP39 wetland goals.  Significant time commitments by McLean County 

SWCD and NRCS to familiarize producers with new practices, answer questions, and provide 

them with concise and reliable information on practice incentives, costs, and water quality 

benefits was a critical component of implementation success. 

• Project partners developed a GIS database and model to map tile drain networks in Money 

Creek watershed, and used LiDAR and DEM maps to predict tile drain locations. Data show that 

7% of all estimates of tile point locations using LiDAR were exact (error = 0 m), 56% were within 

1.5m, 80% were within 2.5 meters, and 95% within 4.9 meter from true tile point locations. The 

methodology used in this project is transferable to other watersheds where LiDAR data are 

available, and results can aid land managers in locating tile and placement of tile treatment 

conservation practices throughout the Midwest.  The potential replicability of this development 

is extensive given the prevalence of tile drainage in the UMRB and the lack of data on tile 

locations and flow paths. 

• We are continuing to use the GIS database and model to develop prescriptive multi-practice 

plans to reduce nitrate loading in the watershed. Through the CIG, we tested the Illinois 

Nutrient Loss Reduction Strategy’s N1 scenario, and to create an alternate scenario that 

modified the extent of recommended practices increase their efficiencies in Money Creek 

watershed, based on the effective tile-drainage area and topography of the watershed.  

• Economic analyses provide important insight on nitrogen reduction practices.  Constructed 

wetlands provide impressive nutrient reductions and function for decades; however, installation 

and design costs (to date) are substantial and are an important limitation to scalability of this 

practice. We recommend further research on ways to reduce construction and design costs of 

this valuable practice and innovative approaches to provide increased funding assistance for 

heavy upfront out of pocket costs for landowners willing to install CP39 wetlands.  Streamlined 

design and implementation of promising new practices (e.g., saturated buffers) should be 

included in future watershed management efforts that could provide nutrient reductions with 

lower installation costs.  

 

Collectively, this body of work, along with the lessons learned and partnerships formed and 

strengthened through this project, will help up “move the needle” on water quality at meaningful scales.  

Many of the outreach, monitoring, and mapping strategies we describe in this report are transferable to 

other Midwestern agricultural watersheds. Moving forward, we recognize the need for multi-practice, 

multi-partner efforts, and we are continuing to pursue program improvements to speed up the practice 

implementation process, expand incentives for edge-of-field practices, and enhance local, farmer-led 

outreach initiatives.  

 

Introduction 

As highlighted in the Upper Mississippi Conservation Effects Assessment Program report, 

conservation practices used in the Upper Mississippi River Basin (UMRB) have focused on intercepting 

surface water runoff, which neglects addressing nitrogen losses from tile drainage and fails to achieve 

needed levels of adoption of adaptive nitrogen management (ANM) that incorporates the 4Rs: the right 

rate, right timing, right form, and right placement.  Addressing these two challenges is essential given 

that nutrient fluxes into the basin are transported primarily from areas within five midwestern states 
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that correspond with highest densities of tile drained and highly fertilized farmlands (Goolsby et al. 

1999, Sugg 2007).  Increased adoption of effective nitrogen reduction practices is especially critical in 

Illinois, which has the highest estimated total area of subsurface drainage of any state in the basin 

(Goolsby et al. 1999) and is among the highest contributors of total nitrogen (16.8%) and phosphorus 

(12.9%) flux to the Gulf of Mexico (Alexander et al. 2008).  Decades of partnership development and 

research in the Mackinaw River provided a unique opportunity to efficiently bundle constructed wetland 

and ANM conservation practices for a comprehensive in-field/off-field approach – an innovative 

approach that is necessary to achieve nutrient reductions for local drinking water supply watersheds 

and the Gulf of Mexico. 

Research in the Mackinaw River watershed in central Illinois has shown that surface water 

practices are not solving water quality problems (Lemke et al. 2011).  Critical next steps towards water 

quality improvements include increasing the adoption of practices that (a) reduce nutrient export 

specifically from tiles and (b) improve nitrogen management on farmlands.  Constructed wetlands are a 

proven method to reduce nutrient export from tiles, capable of removing 46-90% of nitrate-nitrogen 

flux to streams and rivers (Crumpton et al. 1993, Kovacic et al. 2000, Kovacic et al. 2006).  Cumulative 

10-year data from ongoing research by Dr. David Kovacic at the University of Illinois and The Nature 

Conservancy (TNC) show that wetlands representing 3-9% of tile-drained areas removed 13-47% and 37-

94% of nitrate and dissolved phosphorus loadings, respectively. Reliable estimates of farmland acres 

drained by tiles are important for strategic wetland design and placement; however, the data are 

currently unavailable for most watersheds.  Integral to this project was the development of reproducible 

and transferable methods to estimate tile-drained areas in agricultural watersheds.   

Because nutrient-use efficiencies are affected by differences in weather conditions, soil types, 

and management practices, there is no single management strategy that is optimal for all cropping 

scenarios.  ANM is a highly effective approach that identifies and quantifies the nitrogen requirements 

specific to individual farm fields and recommends fertilizer application methods using the 4R strategy.  

Traditional nitrogen management strategies have primarily relied on predictions of anticipated nitrogen 

needs and have not included a formalized process for follow-up evaluations. Current recommendation 

sources for fertilizer application rates typically use standardized or university-based fertilizer guidelines 

that are developed using historical data collections and documented field experience. While developing 

a plan with an initial recommendation is a critical first step, achieving optimal nitrogen management 

efficiencies requires performance evaluations and verification of the recommendation for individual 

fields or farms.  Using ANM methods, a farmer can evaluate whether an application was accurate and 

refine management to improve efficiency, reduce nitrogen loss, and create a win-win situation for the 

farmer and the environment.  Integration of this evaluation step into farm management plans provides 

growers with the ability to refine their application rates in an expedient manner for maximum 

production efficiencies, higher overall profits, and increased protection of our natural resources.  

This project was designed to develop, evaluate, and refine a watershed management program 

that bundles in-field and off-field conservation practices for water quality improvements, and that is 

economically viable, compatible with agricultural production, and reproducible in watersheds across the 

UMRB.  The project included farmer engagement, broad outreach within the agricultural community, 

collaboration with state leaders, and the development of outreach and educational materials.  Twenty-

five years of science, partnership development, outreach, and implementation in the Mackinaw River 

watershed culminated in an ideal opportunity for strategic application and quantitative evaluation of 

nitrogen retention in-field and off-field practices to address local drinking water concerns, 
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environmental protection, and agricultural sustainability in two drinking water supply subwatersheds 

(Money Creek and Six Mile Creek).  Historical impairments from high nitrogen and phosphorus have 

been directly associated with tile drainage and agricultural practices within these intensively farmed 

subwatersheds in which 90% of land use is agricultural production for corn and soybean productions 

(Smiciklas et al. 2008).   

 

Project objectives: (1) Provide landowner outreach and education to increase understanding and 

stimulate enrollment in innovative conservation practices and programs, (2) Implement an ANM 

program and quantify its environmental performance, (3) Develop and refine replicable and transferable 

methods for producing watershed maps of tile-drained areas, (4) Apply watershed tile maps to guide 

locations for strategic outreach, wetland placement, and monitoring (5) Construct wetlands and 

quantify their environmental performance, (6) Quantify the environmental performance of a nutrient 

management program that bundles in-field and off-field practices for increased nutrient use efficiency 

and reduced nutrient export, (7) Develop and evaluate a watershed-scale management program for 

sustainable nutrient reduction that integrates ecosystem services (i.e., payment for services) with the 

nutrient management program developed during this project, previous research, existing watershed 

plans, and current NRCS conservation programs. 

 

Methods 

Study site 

Money Creek watershed (43,100 acres) is a HUC 12 sub-basin (code 030) of the Mackinaw River 

(HUC 07130004) in McLean County, Illinois, and is the water source for Lake Bloomington that serves as 

the primary drinking water supply reservoir for 80,000 residents in the City of Bloomington, IL and 

surrounding townships.  Lake Bloomington is in the northern part of the watershed and was constructed 

in 1929 by the impoundment of Money Creek to expand the water supply for the City of Bloomington. 

The primary designated use is drinking water, and recreational and residential development are second 

and third priority designated uses.  Lake Bloomington has TMDLs to address nitrogen and phosphorus 

loadings and comply with numeric nutrient water quality criteria (10 ppm for nitrates).  Illinois EPA 

approved the Lake Bloomington Watershed Plan in 2008, and the Lake Bloomington Watershed Planning 

Committee is currently working on revising and updating the plan. Nutrient management is a key 

implementation strategy in the Lake Bloomington Watershed Plan.  Subsurface drainage is practiced to 

remove excess water from the soil with 69% of the watershed effectively tile drained.  Drainage tiles are 

installed below the root zone and release the water into a ditch or stream and are usually installed at a 

depth of 3 to 4 feet and 80 to 120 feet apart in Illinois.  The most common soil type in the watershed is 

Sable silty clay loam which formed from loess distributed during glacial retreat. This soil has slow 

infiltration rates and a high clay content, as well as poor drainage with high runoff levels. The second 

most common soil is Ipava silt loam (LBWPC, 2008).  Although tallgrass prairie was the dominant 

ecosystem in the watershed, no original prairie remains.  

 

Farmer Network 

In 2011, the City of Bloomington and SWCD, with support and collaboration from Environmental 

Defense Fund, TNC, and other partners, initiated an innovative ANM program in Money Creek and Six 

Mile Creek watersheds.  Fourteen farmers enrolled 44 fields (3,010 acres) in the program in 2012, that 

provided them with evaluative tools such as cornstalk and soil nitrate testing, aerial imagery of crop 
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production, replicated strip trials, and a farmer networking forum for information exchange.  On-farm 

evaluations provided real time data analyses to farmers on how fields responded to nutrients and the 

economic implications of nutrient applications so that they could evaluate how to refine nitrogen 

management on their fields.  The Lake Bloomington CIG watershed project supported the expansion and 

continuation of the Farmer Network in Money and Six Mile Creek watersheds.  Winter grower meetings 

were held annually from 2013 to 2016 for Money Creek and McLean County landowners and producers 

to introduce the Farmer Network, to discuss data from the previous year, and to provide an opportunity 

to sign up for the upcoming year’s program, and to learn from the experiences of others.   

Strip trials were conducted over a 3-year period to test the effects of N application rates on 

yields and field economics.  Five trials were completed in 2013, 8 trials in 2014 and 3 in 2015 that tested 

4 rates replicated 3 times across a field to compare applications rates of 135, 160, 185, 210 lbs N acre-1, 

with a minimum row length of 400 feet.  Width of treatment strips were a minimum of 4 rows wider 

than the width of harvest equipment to avoid harvesting areas that might overlap treatments and thus 

blend two different rate applications.  Growing interest among producers to reduce fall application rates 

inspired a summer grower meeting in 2014 to discuss plans to use strip trials to compare fall N 

application to various spring N application methods, and in 2015, 2 strip trial plots were established to 

compare fall N application to various spring N application methods.  Treatments included (a) fall 

application (180 lbs. acre-1), (b) fall application (180 lbs. acre-1) with N-serve, (c) spring pre-plant (180 lbs. 

acre-1), (d) spring pre-plant with Agrotain (180 lbs. acre-1), (e) spring pre-plant (60 lbs. acre-1) plus 

summer side-dress (120 lbs. acre-1), and (f) spring pre-plant (60 lbs. acre-1) plus summer side-dress (60 

lbs. acre-1) and summer late application (60 lbs. acre-1) each replicated 3 times across the field, with a 

minimum width of 2 combine passes in each treatment strip. 

One-way Analysis of Variance (ANOVA) were conducted to compare (a) the effect of nitrogen 

application rates on corn yields, net fiscal income, and stalk nitrate results, and (b) changes in nitrogen 

application during the 3-year program, followed by Tukey multiple comparison procedures if the ANOVA 

rejected the null hypothesis of equal means.   

  

Wetland Outreach 

The overall approach to promoting CP39 wetlands in Money Creek watershed included a 

combination of broad-scale and intensive one-on-one outreach by McLean County Soil and Water 

Conservation District (SWCD) and Natural Resources Conservation Service (NRCS) to agricultural 

landowners and producers in the watersheds of Money Creek and Six Mile Creek.  Although highly 

effective, constructed wetlands represent a substantial time and financial commitment for 

farmers/landowners.  Thus, wetlands outreach generally entailed multiple one-on-one meetings to 

discuss the practice, how it would function on the property, the economics, water quality benefits, and 

potential positive and negative farm implications.  Hands-on assistance was provided to each landowner 

that agreed to sign a contract for CP39 wetland that included multiple follow-up calls and meetings, 

wetland design discussions, paperwork associated with CRP contracts, wetland construction oversight, 

securing access for monitoring, and confirmation of final landowner reimbursement once wetland 

construction and associated seeding were completed.  Private funding was available through TNC and 

SWCD to cover any out of pocket cost for wetland construction associated with the project.           

Outreach specific to the CP39 program was initially directed towards landowners in the 

watershed that were identified as having potential wetland sites that could be strategically installed as a 

paired design that would assess nutrient reduction effectiveness of constructed wetlands at the 
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subwatershed scale.  Several landowner and farm manager breakfast meetings were conducted by 

SWCD, TNC, and NRCS during the first few years of the project to introduce the project and assess 

interest participation levels (Table 1).  A watershed tool developed early in the project that integrated 

farmer interest with a watershed map was also used during this time to strategically focus these initial 

outreach efforts.  Intensive outreach continued during the second year of the project to individual 

landowners and producers with land adjacent to Money Creek and personal invitations were sent to 

landowners that had previously expressed interest in wetlands to tour a newly completed wetland that 

was constructed by the City of Bloomington (City) on a public park site near Lake Evergreen.  

Opportunities were also provided by TNC and SWCD to interested landowners to tour a working farm 

with constructed wetlands and to visit with landowners of the Franklin Research and Demonstration 

Farm, a site where TNC and University of Illinois have conducted research on the effectiveness of 

wetlands for reducing nutrient export from tile drainage since 2007.  

Meetings and tours were followed by field visits to sites owned or farmed by interested 

participants. Additional letters were sent with the project brochure (Figure 1) to individual landowners 

in the watershed that contained information on the project, cost-share opportunities associated with 

the CP39 program, and supplementary private funding opportunities that were available to cover out-of-

pocket wetland construction costs.  Landowners were asked to return an enclosed postcard to SWCD if 

they were interested in learning more about the program, and follow-up phone calls were conducted by 

SWCD to those landowners that did not return the postcards to confirm their interest level.  Continued 

outreach included individual tours of wetland sites, lunch discussions for interested landowners to learn 

more from others that had already installed wetlands, and continued site visits.       

Two separate Farm Bill shut-downs halted CRP sign-up for a total of 16 months during the first 

two years of the project that created limited windows of opportunity to sign-up for CRP, and 

significantly extended the process of completing the forms for active CP39 contracts with Farm Services 

Agency.  However, design work proceeded for two wetland sites during this time and one-on-one 

outreach continued to promote an opportunity to use private funding from The Coca-Cola Company for 

the design and construction of a tile-treatment wetland in the watershed pursuant to NRCS standards.   

 

Landowner Engagement 

Workgroup partners held several outreach workshops to review current strategies and explore 

new and innovative tools to engage landowners.  Following in the footsteps of a program that started 

with the Women Food & Ag Network, we worked with partners from American Farmland Trust to host a 

Conservation Learning Circle for McLean County women landowners in 2014.  Thirty women attended 

the meeting that focused on how to improve soil and water quality while maintaining high agricultural 

productivity.  The meeting was followed by a tour of several research sites to learn about various 

conservation practices such as cover crops, filter strips and nitrogen management.   

We formed an Agricultural Advisory Group (AAG) composed of a small group of landowners, 

producers, and farm managers that meets biannually for breakfast with workgroup partners to discuss 

issues related to conservation, farm production, and outreach.  Coordinated by SWCD and TNC, the 

overall goal of these discussions has been to obtain guidance from the local agricultural community to 

best direct future conservation efforts in the watershed, especially with regards to outreach and 

implementation of practices.  Formation of this AAG was modeled as an informal version of a steering 

committee approach used by Livingston County SWCD and Conservation Technology Information Center 

in an adjacent watershed.  Five meetings were held between 2015 and 2017 that covered topics such as 
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logistics and economics related to increasing implementation of spring nitrogen application in the 

watershed and how to scale up conservation in agricultural watersheds in a way that protects the 

environment and that makes economic sense to landowners and producers.  We also discussed the 

importance of addressing nutrients in tile drainage, challenges and opportunities associated with 

constructed wetlands, new opportunities for CRP and EQIP cost-share for saturated buffers, outreach 

strategies to scale up implementation, and methods for documenting and communicating changes in 

practice implementation and water quality improvements in the watershed. 

 

Newsletters and factsheets 

District newsletters were sent biannually from SWCD to approximately 1500 landowners and 

producers in McLean County that provided updates on the Lake Bloomington watershed project as well 

as other county-level events and announcements.  McLean County SWCD initiated a website in 2013 

that provided information on the watershed project, promoted producer meetings and upcoming 

events, and provided digital versions of the newsletters (http://mcleancountyswcd.com).  Over the 

course of the project, separate newsletters were sent to 200 agricultural residents in the Lake 

Bloomington and Evergreen Lake watersheds that provided information specific to the project such as 

new incentive opportunities for conservation programs through USDA-NRCS, available cost-share for 

wetlands, Farmer Network and Women’s Circle meetings and landowner profiles that interviewed 

conservation-minded landowners on their practices (Figure 1). 

 Several facts sheets were developed during the project to provide additional information on 

CP39 wetlands and additional funding opportunities that are posted on the McLean County SWCD 

website (http://mcleancountyswcd.com/mackinaw-river-drinking-watershed-project).  A Question and 

Answer fact sheet was developed for CP39 wetlands in response to inquiries from producers during 

breakfast meetings and tours that included answers to questions related to the ability to remove 

wetlands once the CRP contract expired, installation of wetlands on existing CRP filter strips, potential 

mosquito problems, and concerns with wetlands impeding tile drainage.  A second fact sheet was 

developed that explains financial incentives and associated requirements should a landowner choose to 

enroll CP39 wetlands in a voluntary easement through the Illinois Department of Natural Resources’ 

Conservation Reserve Enhancement Program.  Information regarding this option is provided on SWCD’s 

website.  A Farmer Network fact sheet was developed that summarizes results from the Farmer 

Network program and provides insights on how to improve nitrogen management timing in central 

Illinois based on producer feedback and program results (see separate attachment). 

 

Communications 

Meetings - Project partners held workgroup meetings every four to six weeks during the five-

year project to provide updates on the status, timelines, objectives and deliverables associated with the 

project.  Discussions also included outreach updates and strategy development to engage landowners, 

and to document landowner interest in constructed wetlands and adaptive nitrogen management.  Two 

well-attended state-wide partner meetings were held to introduce the project, discuss project key 

strategies and project updates and gain feedback from local, state and federal agencies, agricultural and 

conservation organizations, and universities.  Meetings included presentations on available conservation 

practice opportunities, CP39 wetland design and construction, and farmer network/nitrogen 

management programs.  Each meeting was followed by field visits to constructed wetland sites on 

private farmland and the City of Bloomington’s Comlara Park site that features multiple sediment and 

http://mcleancountyswcd.com/
http://mcleancountyswcd.com/mackinaw-river-drinking-watershed-project
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nutrient reduction practices that included a saturated buffer, constructed wetland, two-stage ditch and 

rock/riffle structure.    

 

Additional communication outlets - Project partners participated in 48 presentations at local, 

regional, national and international meetings and scientific conferences during this time that discussed 

the science, outreach, and collaborative partnerships associated to the project, that included six SWCS 

meetings, one SWCS CIG showcase, and The Asian Pacific Islander Organization & Women in NRCS 2015 

Joint National Leadership Meeting (Appendix A).  In addition, the project and project partners were 

highlighted in 21 local, regional and national media outlets over five years, including Farm Bureau 

Partners Magazine, Peoria Illinois Public TV, Associated Press, The New York Times, and multiple state 

Prairie Farmer newspapers (Appendix A).  TNC provided tours of the Lake Bloomington watershed 

project for media outlets, City Council members, and academic researchers.   A field day was hosted by 

McLean County SWCD that highlighted cover crops, demonstration of spring nitrogen side-dress 

application, and a visit to a newly constructed CP39 wetland.   The Conservancy and SWCD worked with 

Illinois State University to develop and deploy a social survey that was sent to 179 agricultural 

landowners/operators in Money and Six Mile creek watersheds in January 2017, with a return response 

rate of 40%.  Survey methods and results are hosted on SWCD’s website, entitled “Your Agriculture – 

Your Water – Your Future” (at http://mcleancountyswcd.com). 

 

Wetland construction and monitoring 

Design and construction 

Wetland design development and construction oversite were contracted out to Midwest 

Streams Inc. using a standard bidding process.  The contractor was responsible for verifying potential 

impacts on stream and tile drainage, procuring necessary permits, reviewing preliminary wetland design 

Figure 1.  Examples of brochures and newsletters sent to watershed residents of Money Creek, 

Six Mile Creek and the larger McLean County, Illinois.

http://mcleancountyswcd.com/
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plans with NRCS, TNC and the landowner, and working with contractors during wetland construction.  

Wetlands were designed to meet NRCS CP39 specifications and completed designs were approved by 

state NRCS engineers.  McLean County NRCS completed preliminary site assessments, hydric soil 

verification, and verified that the technical requirements of the 656 Constructed Wetland and 

associated practices were met for certification of the CP39 practice standard.   

Discussions were held with state NRCS and FSA early in the project regarding several guidance 

considerations associated with the CP39 wetland design and placement specifications.  Illinois guidance 

initially specified that wetlands could not be placed within the 100-year floodplain and required planting 

vegetative plugs from a list of recommended wetland plants.  After further consideration, NRCS initially 

allowed wetlands associated with the project to be placed in the floodplain and eventually the Illinois 

guidance was changed to allow future CP39 wetlands to be constructed in the floodplain provided 

design analyses to ensure that the practice could withstand flood events and the landowner/operator 

agreed with any additional maintenance requirements.  Initial guidance that required newly constructed 

wetlands to be planted with emergent macrophyte species in early spring to mid-June caused concerns 

with possible delays in completing a fall project and receiving 40% practice incentive payment, the 

overlap between spring planting of cash crops and the required wetland vegetation planting, and the 

significant added expense of purchasing wetland plugs.  Consistent with scientific literature and 

experience in Iowa and Illinois, current guidance options include transplanting, seeding and natural 

regeneration determined by an NRCS biologist based on site location and characteristics.  Meetings with 

state FSA early in the project confirmed that CP39 wetland waivers could be granted at the county 

and/or state level to retrofit existing CRP contracts to allow construction of CP39 wetlands on existing 

CP21 filter strips.   

 

Monitoring 

Agri-Drain control gates were installed at inlets and outlets of each constructed wetland.  ISCO 

programmable water samplers (Model 6712C, Teledyne ISCO, Lincoln, NE) fitted with pressure 

transducers (720 Module, Teledyne ISCO, Lincoln, NE) were installed in conjunction with control gates at 

the inlets and outlets of each wetland.  Pressure transducers recorded water levels every 15 minutes 

with a level resolution of ± 0.008 m.  Housings were installed on elevated platforms at the floodplain 

wetland sites to protect ISCOs from inundation during flood events (Figure 2).  ISCO samplers were 

programmed to collect water samples using two water sampling routines that collected pulse-flow 

samples at the initiation of storm events and subsequent flow-paced samples while water continued to 

flow through the tiles into the wetlands.  During storm events, water samples were analyzed during the 

rising limb, peak, and falling limb; during constant flow, samples were analyzed at equal time intervals 

based on flow.   

Monitoring began at the first two wetlands in fall 2014, the second two wetlands in July 2015 

and January 2016, the next two wetlands in December 2016, and the last wetland in July 2017.  Water 

samples were refrigerated and analyzed for total suspended solids, nitrate-nitrogen (NO3
--N), 

ammonium nitrogen (NH4
+-N), and orthophosphate (ORP) at the University of Illinois (UIUC).  Samples 

were stored on ice prior to transport to the laboratory.   Approximately 3 ml of each sample was filtered 

immediately upon arrival to the laboratory using Nalgene 0.45-µm glass microfiber filters and placed in 

sampling vials for NO3
--N, NH4

+-N and ORP analyses.  The remainder of each sample was retained and 

used for TSS analyses (EPA Methods 160.2, 160.4).  Refrigerated samples were then either analyzed 

within 24 hours upon arrival to the laboratory or frozen for future analyses.  All analyses were 
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conducted using ion chromatography with a 

minimum detection limit of 0.01 mg/L as NO3
--N 

(Dionex DX-120, Sunnyvale, CA) using the IonPac 

AS4A-SC analytical column with an IonPac AG4A-

SC guard column.  The eluent used for anion 

analyses was 1.8 mM Na2CO3/1.7 mM NaHCO3 

and for cation analyses was 20 mN 

methanesulfonic acid.  Dionex Self Regenerating 

Suppressors (SRS-300) was used to lower 

background noise and improve analyte detection 

limits.   

 

Watershed mapping 

Database development 
To develop a watershed conservation 

program at the scale of Money Creek (45,000 

acres) and Six Mile Creek (25,000 acres) it was 

necessary to identify smaller hydrologically-based 

subwatersheds that could be used to determine 

where to place wetlands and other practices for maximum effectiveness.  Aerial infrared imagery, Light 

Detection and Ranging topography (LiDAR), and geographic information system (GIS) data housed by 

McLean County GIS Consortium were made available for analyses by researchers and collaborators 

associated with this project.  Landcover and soil information (NRCS SSURGO datasets, Soil Survey of 

McLean County, Illinois) were also used to create a descriptive GIS database for Money Creek watershed 

that included a delineation of key watershed components such as (a) topography, (b) acreage, (c) prime 

farmland soils, (d) wildlife habitat, and (e) soil classification.   

Analyses were conducted using ArcGIS 10.3.1 (ESRI, Redlands, CA, USA), and the Conversion, 

Data Management, Spatial Analyst, 3D Analyst (Extensions), Arc Hydro Tools (Add-in), LAS Dataset, etc. 

were used to develop models presented in this report. Input data included soil survey information from 

the NRCS Web Soil Survey (SSURGO; https://websoilsurvey.sc.egov.usda.gov/App/HomePage.htm),  

LiDAR survey data were supplied by the City of Bloomington, IL; color infrared aerial (CIR) photography 

(the City of Bloomington, IL); color aerial photography (Illinois Geospatial Data Clearinghouse 

(https://clearinghouse.isgs.illinois.edu/data) and USGS (https://eros.usgs.gov/aerial-photography); black 

and white aerial photography from Illinois Geospatial Data Clearinghouse 

(https://clearinghouse.isgs.illinois.edu/data); USGS and coveruse (https://eros.usgs.gov/land-cover ); 

parcel boundary information from McLean County used to delineate fields; and Cropland Data Layer for 

1999 through 2012 (USDA–NASS (2013) Cropland Data Layer) for six consecutive years of coverage. 

Using the LiDAR survey data with an xyzi format from (10/09/2006), a 1-m raster grid DEM was 

produced using the ‘ASCII 3D to Feature Class’ ‘Terrain’ and ‘Terrain to Raster’ toolbox routines in 

ArcMap. The elevation model was preprocessed to allow application of terrain analysis software. The 

DEM was manually processed to correct routing of hydrologic flows toward and along streams to the 

watershed outlet. The DEM was used to construct a high resolution contour map and stream network 

coverage of the watershed. Aerial photographs were used to determine the extent of stream channels in 

the watershed.  

Figure 2.  Housings constructed to protect
ISCO dataloggers at floodplain wetland sites.  

https://websoilsurvey.sc.egov.usda.gov/App/HomePage.htm
https://clearinghouse.isgs.illinois.edu/data
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The GIS database model was used to map tile drainage networks in the watershed and develop 

practice locations scenarios based on effective placement protocols and specifications.  With farmer 

network related datasets provided by TNC, density maps were developed to spatially illustrate the area 

of influence from the Farmer Network.  In addition, a User Manual was produced for project partners 

and stakeholders to view the project datasets using ArcReader.  This document provided a simplified 

version for users that didn’t have background knowledge of the ArcGIS application and was based on 

ArcGIS 9 ArcReader Tutorial provided by ESRI (ESRI 2006).  

 

Mapping drainage patterns 

In a perfect world, aerial CIR images from multiple years based on tile installation times would 

be used to obtain the best tile line locations; however, acquiring the right images at the right time 

complicates the issue of creating an image-based tile line map, especially for large areas.  In this study, 

high resolution LIDAR-derived contour maps were used to determine the location of random (non-

systematic) tile drainage lines.  Provided that random tile drainage followed the lowest areas of the 

landscape where non-entrenched swales or intermittent first order streams once existed, high 

resolution LiDAR derived topographic layers could be used to identify the subtle swales or flow paths 

that were used in the original placement of random tile drains that could not be identified with aerial 

photography. 

Using the LiDAR survey data-derived terrain model and DEM model previously discussed, Dr. 

Kovacic and Miran Day developed a method to identify a series of sub-watershed basins that extended 

the HUC system to identify ephemeral stream basins and upland flow-path basins (Kovacic and Day 

2017).  Watershed basins and sub-basins were initially established using a flow accumulation threshold 

area of 4 km2, which was assumed to be the area required to initiate flow on the surface of the 

landscape.  Historical stream data revealed that by 1874 agricultural surface runoff resulted in the 

formation of erosion channels defining Money Creek as a 3rd order stream, thus, replication of the 

original stream channel using the GIS flow accumulation model would require a change in the flow 

accumulation area that would be related to the agriculturally modified flow regime.  By 1914 agriculture 

changed the system once more by converting surface channels to subsurface tile drains, and although 

the system was still a 3rd order stream, the flow accumulation area was changed to 6 km2 to represent a 

present day threshold.  In these analyses tile drains were treated as if they were streams, requiring an 

assessment of the associated flow accumulation area with changes in stream order, and extending 

stream order based on the extent of tile drainage systems.  

 

Ground truthing 

Predicted tile drainage lines developed using LiDAR DEM maps were compared to ground truth 

point locations of known tile drainage lines to determine the efficacy of LiDAR in locating existing tile 

drains in agricultural landscapes of the Midwest, using a series of Google Earth aerial photographs from 

1995 to 2015 to identify tile drainage lines within the watershed. This method is useful especially when 

aerial photographs are taken during or immediately after rain events in which contrasting rates of soil 

drying can be used to identify tile lines.   

To test the accuracy of the LiDAR mapping network, 303 ground points were generated 

randomly as a control group and coordinates were determined using Google Earth.  Predicted tile 

drainage networks from the independently derived LiDAR maps were overlaid on the Lake Bloomington 

Watershed in Google Earth. Perpendicular distances from the true tile location points to the nearest 



Final Report  30 November 2017 

12 
 

predicted tile drainage lines were determined and point locations were recorded.  If a perpendicular line 

from the ground truth point did not intercept a predicted tile drainage line, it was assumed the LiDAR 

derived data failed to identify the true tile line and was determined a miss. The two 303 sample data 

sets were compared to determine if the average of the true tile distances was significantly less than the 

average of the random distances. We would conclude our tile location predictions were not merely 

random if the average of our predictive differences were significantly lower than the average of the 

random differences. Analysis of the sample populations were conducted using a Mann-Whitney U test.  

Additional information on the protocol can be found in Kovacic and Day (2017).    

 

BMP placement 

To reach future nitrate loss reduction targets, the Illinois Nutrient Loss Reduction Strategy 

(2016) has selected nutrient management practices that have the greatest potential to reduce nitrate 

loading from agricultural croplands of Illinois. Soils and topography data were used to map out optimal 

locations where wetlands and other conservation practices would be most effective in the watershed.  

GIS placement protocol for 10 NLRS practices are presented in detail in Kovacic and Day (2017).  As an 

example, the protocol used to evaluate placement of annual cover crops was based on the major 

determining factors: (a) steep areas ≥5% slope, (b) high soil saturation, (c) high clay soils, and (d) tile 

drained soils with high nutrient losses.  The specific soil factors in the evaluation (erodibility and slope) 

are related to potential soil erosion and tile drainage was added as a factor because cover crops can 

sequester nitrogen in plant material during the non-growing season and eliminate potential nitrate 

losses from tile-drainage systems. Tile spacing refers to the drainage density of the area. While cover 

crops should be applied to all tile-drained land, those areas where tiles are spaced at 50m would be the 

most critical areas to be treated first. Based on KW indices for soil erodibility, slope gradient, tile 

spacing, the locations were identified as the most critical in the watershed where cover crops should be 

applied first.  Similar methods were used based on practice-specific protocols for perennial cover crops, 

drainage water management, riparian buffer strips, contour filter strip terraces, grassed waterways, 

bioreactors, constructed wetlands, sediment removal detention ponds, and saturate buffers.  More 

information can be found in Kovacic and Day (2017) that 1) defines each management practice, 2) 

defines conditions that require their specific application, and 3) explains the protocol used to evaluate 

topographic placement of the management practices. 

The Lake Bloomington GIS database model was applied to demonstrate one of the best 

management practices (BMPs) documented in the Illinois Nutrient Loss Reduction Strategy (IL-NLRS 

2016) to reduce nitrate loading from the watershed.   The Illinois plan suggested six scenarios to reduce 

nitrate nitrogen, N1-N3 to reduce nitrate-N by 45% and N4-N6 to reduce nitrate by 20%.  As a 

demonstration of the use of the GIS database model, the N1 scenario in which 100% of all N is applied in 

the spring following the maximum return to nitrogen (MRTN) guidelines, cover crops are planted on 70% 

of tile-drained land and 45% of non-tiled land, bioreactors treat 50% of all acres, wetlands treat 30% of 

all acres, and all streams will have buffers. 

 Saturated buffers were not included in the IL-NLRS N1 Scenario, but recent research indicates 

that they may be an effective treatment to reduce tile drainage nitrate loading to surface waters.  Two 

methods were used to determine the placement of saturated buffers in the Lake Bloomington 

Watershed, the first one based on soil survey criteria and the second one based on the Riparian 

Assessment Polygon (RAP) methodology (Tomer et al., 2015).  Soil survey criteria included ≥50 cm 

Mollisol and A horizon with low sand content, ponding frequencies, and high organic matter content.   
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The RAP method uses LiDAR derived terrain analysis tools to determine placement of saturated buffers, 

and the final criteria select areas of moderate runoff where there is a shallow water table of 1.5 meters 

of less with a width of 25-50 meters. 

 

 

Economic evaluation 

All wetland construction costs were documented and used to estimate the cost effectiveness of 

CP39 wetlands in terms of the (a) total costs acre-1 of wetland and (b) cost kg NO3-N removed-1.  An 

initial breakdown of total wetland installation costs was calculated by NatureVest, an impact investment 

unit of TNC.  The Conservancy contracted with Dr. Adrienne Ohler (ISU) to compare multiple nitrogen 

removal methods in terms of economics and benefits provided by each practice, including a cost-benefit 

analysis of using constructed wetlands to treat nitrates in the watershed versus installation and 

maintenance of an ion exchange system to remove nitrates from finished drinking water.  Additional 

economic evaluations were conducted for cover crops, spring N application, and saturated buffers using 

values from published literature (Ohler 2016).    

Nutrient reduction data used for wetland analyses were obtained from a long-term TNC and 

UIUC wetland research project at the Research and Demonstration Farm (Farm) wetlands in Lexington, 

Illinois, due to a lack of data from the newly installed CP39 wetlands; whereas, construction cost data 

were obtained from 6 CP39 wetlands recently installed in two subwatersheds of the Mackinaw River 

(Bray Creek, Money Creek).  Construction costs included wetland design, excavation, tiling, fertilizer, 

seeding, and control structures.  Mean annual opportunity costs for loss of corn production were 

averaged over a 11-y period (2005-2015) using corn yields, operating costs, allocated overhead less rent, 

and price of corn using McLean County data.  Net return ($ acre-1 y-1) was then estimated as annual yield 

multiplied by corn price minus operating costs and allocated overhead (Ohler 2016).  Total opportunity 

cost was calculated as the net return multiplied by the number of wetlands acres (and wetland buffer) 

installed. 

 Comparison of wetlands to ion exchange required converting wetland costs to a per annum 

basis over 15-y and 30-y time periods using 5% interest.  Per annum cost per wetland acre ($ wetland 

acre-1) was calculated as the sum of the per annum installation costs and total opportunity cost divided 

by the number of wetland acres.  Annual nitrate-nitrogen removal data from 9 years of wetland research 

at the Farm were used to determine the annual cost kg nitrate-nitrogen removed-1 acre-1 over a 15-y and 

30-y period.  Upper (96% removal) and lower (50% removal) bound estimates were calculated for acres 

required to remove nitrogen using wetlands to meet TMDL drinking water standards of 10 mg L-1 based 

frequency of exceedance.  Predicted costs of two 1,000 GPM ion exchange treatment modules were 

updated using the Producer Price Index series PCU 332 to estimate total cost and annual costs that 

included accessories and amortized monthly payments over 15 years. 

Economic analyses for CP39 wetlands were updated by TNC during the last year of the study 

that estimated (a) total cost wetland acre-1 (b) cost acre treated-1 over 15 years (c) wetland efficiencies 

($ kg nitrate removed-1) on an annual and 15-year basis, and (d) updated breakdown of wetland 

installation costs.  Updated analyses included construction cost data from 10 CP39 wetlands built 

between 2014 and 2017 in Bray Creek and Money Creek.  Wetland efficiencies were calculated using 

data from four of the wetlands that were established early enough in the project to estimate annual 

nitrate loadings and removal rates for 2015 and/or 2016. 
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Results 

Farmer Network 

McLean County SWCD, NRCS, and a local certified crop advisor (BCS, LLC) worked collaboratively to 

increase farmer enrollment in Money Creek watershed from 23 (2013) to 32 (2014) and 38 (2015) 

participants during the 3-year Farmer Network program.  Enrollment of farm acres increased accordingly 

from 44 fields in 2013 to 92 fields in 2014 and 88 fields in 2015 (Figure 3A), for a total of 2500 to 5000 

acres enrolled in any given year.  Although the area of influence was evenly distributed in the watershed 

there were some spatial differences related to crop rotations and increased annual participation (Figure 

4).  Increased participation near the headwaters in 2014 was likely related to crop rotations of corn 

production; whereas, overall increased density measures in the last two years of the program 

corresponded to increased participation levels.   

Total N application rates 

decreased by 7% between 2013 and 

subsequent years (Figure 3B), although 

the differences were not statistically 

significant among years at the p<0.05 

level [F(2,220)=2.99, p=0.052].  Reduced 

N application rates over time were 

related to a reduced number of 

participants that applied 171 to 240 lbs 

acre-1 and increased applications of 

lower rates of <150 to 170 lbs acre-1 

(Figure 5).  Data show a 72% decrease 

in the percentage of participants that 

applied 80-100% anhydrous in the fall 

and an almost 2-fold increase from 

20% to 56% of participants that 

applied 80-100% N in the spring 

(Figure 6A).  Annual total N application 

rates declined as the percentage of 

participants that spring applied 

increased (Figure 6B).  Spring N 

application percentages significantly 

predicted total N application rates (β=-

45.37, t(221) = 56.11, p < 0.001) and 

explained a significant proportion of 

the variance for total N application 

rates (R2 = 0.21, F(1,221) = 60.36, p < 0.0001).     

 

Average corn yields increased by 11-13 bushels acre-1 as application rates increased from 135 lbs 

acre-1 to 210 lbs acre-1 during N rate strip trials (Figure 7A); however, yield differences were not 

significant at the p < 0.05 level on yields of bushels per acre [F(2,128)=2.22, p=0.09].  Average corn yields at 

application rates of 160 to 210 lbs acre-1 ranged between 214 and 216 bushels acre-1.  Highest mean net 
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income rates occurred at application rates of 160 lbs acre-1 at $735.61 ± $19.20 acre-1 (Figure 7B).  Mean 

net income differences were greatest between N application rates of 135 lbs acre-1 and 160 to 185 lbs 

acre-1 ($29.65 acre-1 and $22.75 acre-1, respectively), with a $9.88 acre-1 difference between 135 and 210 

lbs acre-1 (Figure 7B); however, differences in mean net income were not statistically significant 

[F(2,128)=0.52, p=0.67].  Average corn stalk nitrate concentrations increased at nitrogen application rates 

above 135 lbs acre-1, but were very similar at rates of 160 lbs acre-1 and higher (Figure 7C).  Differences 

in corn stalk nitrate concentrations were not statistically significant among treatments [F(2,128)=0.84, 

p=0.47]. 
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Wetland outreach 

Breakfast meetings, calls, direct mailings and site tours to 84 individual producers resulted in the 

initial interest of 19 landowner and/or producers to explore the potential of constructing CP39 wetlands 

in Money Creek during the first 2.5 years of the project (Table 1).  Subsequent site qualification 

requirements (e.g., drainage area was too large) and programmatic complications eliminated several 

locations such that three landowners of the original 19 completed the process of enrolling edge-of-field 

farmland acres into CRP as CP39 wetlands.  Reluctance among several of the landowners to commit to a 

CRP contract included concerns about the potential permanence of wetlands, negative experiences with 

government programs, and concerns regarding long-term maintenance of the site.   

Closure of Farm Bill programs from October 2012 to May 2013 precluded landowner enrollment 

into the CP39 Farmable Wetlands Program during the first 8 months of the project; however, two 

landowners did complete the sign-up process between June and September 2013.  Paperwork for 2 

additional landowners was initiated during this time before a second Farm Bill closure (October 2013 - 

May 2014) postponed the completion of the paperwork and precluded signing up any new landowners 

for CP39 wetlands.  Whereas one landowner continued to complete the CRP paperwork after this 

extended delay, the other landowner decided to forego CRP enrollment for a CP39 wetland. 

Although contractual work for CP39 wetlands temporarily halted during the two Farm Bill 

closures, design plans and excavation continued for a constructed wetland that was privately funded by  
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The Coca Cola Company.  Designs for this wetland met 

NRCS CP39 specifications and construction was 

completed in July 2015 on City property to treat tile-

drained acres of adjacent row crop farmland.  

Additional one-on-one outreach after reallocation of 

the Farm Bill in May 2014 secured 3 additional wetland 

sites on a single farm site in 2015 and construction was 

completed September 2016.  In total, six CP39 

wetlands and one privately-funded wetland were 

completed during the project that treat 39.75 total 

acres of tile-drained farmland (Figure 8).  

 Early discussions with the Agricultural Advisory 

Group (AAG) focused on strategies to promote large-

scale participation in conservation practices that might 

“move the water quality needle”.  The group agreed 

that such a program should be “user-friendly”, good 

for the environment and good for the agricultural 

bottom line.  Several aspects were discussed to 

encourage and sustain participation in such a program 

that included development of scorecards to 

demonstrate progress in the watershed regarding 

water quality and practice implementation.  It was 

discussed that this scorecard should be 

straightforward and easy to understand.  Other 

suggestions included keeping it local, producers 

serving as outreach emissaries to their communities, 

intern programs to engage younger community 

members, and programmatic flow charts to help 

navigate Farm Bill programs.  Conservation practices 

that resonated as effective for water quality 

improvements included reduced fall N application, 

constructed wetlands, two-stage ditches, instream water retention practices, and saturated buffers.  

There was consensus that edge-of-field practices that reduce nutrient export from agricultural tile 

systems are necessary for water quality improvements to be achieved.  As one participant commented, 

these rich black prairie soils would result in nutrient laden tile drainage water even if no fertilizers were 

applied.  It was noted that edge-of-field practices should be strategically placed for optimum 

effectiveness given the high quality of land in the watershed and the time and expense of practice 

installation.   

The AAG was very interested in learning more about the new eligibility of saturated buffers for 

EQIP and CRP, and the programmatic logistics of retrofitting existing CRP filter strips as saturated 

buffers.  Conversations with NRCS, FSA, IL Land Improvement Contractors Association (LICA), and 

Pheasants Forever (PF) are ongoing for a field demonstration of the saturated buffer installations and 

training for IL LICA members and landowner/farmers.  An interested landowner has a potential site and 

engineering designs are in process at the state NRCS office.  Additional outreach capacity for edge-of-
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field practice implementation has been secured in partnership with Pheasants Forever.  Increased 

interest among the Farmer Network and the AAG on working through logistical issues with increased 

spring N application resulted in the pursuit and funding from Illinois EPA for a two-year project to 

convert 3000 acres in the Money Creek watershed from fall to spring N application.  A total of 1056 

acres were secured during the first year of the project in 2016. 

 

 
 

Wetland construction and monitoring 

Design and construction 

Construction of six CP39 wetlands was completed between May 2014 and September 2016 

(Figure 8), five of which were constructed in the 100-year floodplain along Money Creek.  Construction 

of a wetland privately funded by The Coca-Cola Company was completed in July 2015 on property 

owned by the City of Bloomington (City) with approval from the City Council the previous fall.  This 

wetland was designed to meet CP39 specifications and treats tile water from adjacent row crop 

farmland.  The City also constructed a wetland on their property near Evergreen Lake on a site that is 

open to the public, has several conservation practices installed for stream erosion prevention and 

floodplain connectivity, and has an interpretive trail that describes conservation practices and natural 

features at the site. 

 

 

 

Money Creek 
watershed

Figure 8.  Six CP39 wetlands and one privately-funded wetland were constructed in Money Creek 
watershed between 2012 and 2017.
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Monitoring 

All wetlands lose and/or gain water from interactions with groundwater sources (i.e., seepage).  

These interactions can complicate experimental measures of nutrient losses, in that nutrients can be lost 

or gained in a wetland cell through groundwater as well as from denitrification processes in the wetland 

cell proper.  Thus total nutrient removal from these experimental wetlands can be calculated in two 

ways: straight mass balance approach using measures from inlets and outlets only or mass balance that 

includes seepage adjustments.  The more conservative approach is to include seepage adjustments, 

since this represents reductions that occur only in the wetland cell proper, and not losses due to 

seepage of water out of the wetland into groundwater.   

Four of the seven CP39 wetlands were installed early enough in the project to estimate annual 

loadings for the complete calendar years of 2015 and/or 2016.  Nitrate loadings from the agricultural 

fields into each of these four wetlands in 2015 and 2016 ranged from 38 kg to 390 kg (Table 2).  Annual 

reductions in nitrate loadings (kg) calculated using straight mass balance measures ranged from 32% to 

76%.  More conservative calculations that account for seepage estimated nitrate reductions of 4% to 

51% during 2015 and 2016.  Total dissolved phosphorus loss from the agricultural fields into each of the 

wetlands ranged from 0.07 kg to 1.2 kg during 2015 and 2016 (Table 2).  Estimates of cumulative loading 

reductions for dissolved phosphorus in 2015 and 2016 that account for seepage ranged from 13% to 

88% in three of the four wetlands.  The fourth wetland showed phosphorus gains (-79% and -477% 

reductions) although these were extremely low loadings that ranged from 0.07 to 0.17 kg annually.   

Combined monthly patterns of nitrate loss between September 2014 and August 2017 showed 

the lowest loadings to the wetlands from July to October and a gradual increase during winter to peak in 

April (28.1±10.0 kg), May (43.6±14.7 kg) and June (30.8±7.5 kg; Figure 9A).  Seepage adjusted estimates 

showed 15% to 31% denitrification in the wetland pools during peak loading that increased throughout 

the summer months (Figure 9B).  Although denitrification declined in the winter months, average nitrate 

loading reductions still ranged from 11% to 26% reductions between December and March.      

  

  

Watershed mapping 

Mapping drainage patterns 

LiDAR survey data-derived terrain and DEM models provided high resolution watershed and 

subwatershed delineations that provided for the division of the 43,000-acre Money Creek watershed 

into 26 Tier 2 hydrologic sub-basins (Figure 10), and subsequent nested hydrologic units with unique 

identification and labeling of subwatersheds (Tier 3-6) as small as 2-5 acres (Figure 10, inset).  In these 

analyses tile drains were treated as if they were streams, and thus, changes in stream order required 

new assessments of the associated flow accumulation area.  This approach resulted in the creation of a 

flow net that coincides more closely to tile drainage lines, giving a much clearer picture of where tile 

lines occur that closely coincided with the CIR photographs (Figure 11).  Whereas, generating a stream 

network didn’t really correspond with stream order, this alternative approach corresponded with and 

allowed major tile drains to be identified.  When areas of interest are determined within the watershed, 

CIR photographs, black and white aerial photographs, and further drainage net analyses can help to 

delineate tile drain locations in more detail.  
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Ground truthing 

Ground truth location 

determinations were made by visually 

locating tiles using aerial imagery, while 

predicted locations were determined 

independently with LiDAR derived 

topographic maps. Most of the ground 

truth locations occurred in the northwest 

and southeast portions of the watershed 

and corresponded with the flattest and 

wettest regions of the watershed.  A 

frequency distribution of LiDAR estimate 

errors shows that 7% of all estimates 

were exact (error = 0 m), 56% of all 

estimates ranged from 0 to an average of 

1.5m from the true tile point location., 

80% of all estimates ranged from 0 to an 

average of 2.5 meters from true tile point 

location, 90% ranged from 0 to an 

average of 3.6m from the true tile point 

location, and 95% of all estimates ranged 

from 0 to an average of 4.9m from the 

true tile point location.  LiDAR prediction 

errors were small and the distribution of 

LiDAR prediction minus true location 

differences was heavily skewed to the 

right.  The skewed nature of the distribution with most of the errors at the low end of the scale indicates 

the LiDAR estimates were relatively accurate.  

 

BMP placement 
GIS mapping protocols used by Kovacic and Day (2017) identified 7.5% of the Money Creek 

watershed as meeting the critical application criteria for cover crops, and 15% as meeting the potential 

application criteria (Figure 12).  Results from this approach suggests a minimum of 9,745 acres (23% of 

the watershed) be placed into cover crops.  This contrasts with the IL-NLRS (2016) N1 scenario that calls 

for 70% of the tile drained area of a watershed to be planted to cover crops. Using the GIS-generated 

tile map a 50-m buffer was placed around the identified tile drainage systems representing the effective 

tile-drained land (i.e., the area drained by the tile system).  Land area within the buffer represented 

29,795 acres or 69% of the Money Creek watershed, and 70% of that area encompassed 20,857 acres or 

49% of the watershed.  Scenario N1 also calls for 45% of the remaining non-tiled (13,305 acre) area to be 

in cover crops, or 14% of the non-drained watershed, for a total of 63% of the watershed area in cover 

crops.  

Similarly, the N1 scenario calls for 50% of the watershed to be treated with bioreactors, which 

converted to 72.5% of the effective tile drained area (Kovacic and Day 2017).  Although bioreactors 

could be sited in any of the effectively drained watersheds, they would most likely be more effective in 

10

20

30

40

50

60

70

M
e

a
n

 N
it

ra
te

 L
o

a
d

in
g 

(k
g)

0
10
20
30
40
50
60
70
80

J F M A M J J A S O N DM
ea

n
 N

it
ra

te
 R

ed
u

ct
io

n
 (%

)

Month

A.

B.

Figure 9. Monthly mean (±1 SE) nitrate loading (A) and 
% reduction (B) by CP39 wetlands between 2014 and 
2017.   



Final Report  30 November 2017 

21 
 

small streamside basins based on the limited treatment capacity of this practice.  Basins located within 

500m of the existing open stream and independent streamside basins (not part of a larger basin) were 

selected for a total of 4,400 acres that could be treated with bioreactors. This alternative scenario 

(Figure 13) represents 10% of the Money Creek watershed that could be effectively treated using 

bioreactors versus the 50% of the watershed proposed in the N1 scenario. 

Under the N1 scenario, 

constructed wetlands should be 

implemented to treat 30% of the 

watershed. Sub-basins with hydric 

soils, ≤0.5% slopes, and a minimum 

size of 8 acres were selected to 

represent 30% of the watershed.  To 

treat this area at a 5% wetland to 

effective drainage ratio (Kovacic et 

al. 2000) would result in 650 acres of 

wetlands.  An alternate wetland 

scenario would treat the entire area 

of effective drainage with wetlands, 

representing 16,350 acres or 38% of 

the Money Creek watershed (Figure 

13). This is slightly greater than the 

N1 scenario, but applying wetlands 

to 38% of the area may be more 

efficient. At a 5% wetland to 

effective drainage ration, the 

alternative wetland scenario would 

require 818 acres of wetlands and 

would treat 45% of the nitrate that 

would otherwise leave the watershed. Lower wetland to effective drainage area ratios of 2.5%, 1%, and 

0.5% would reduce the wetland area requirements to 409, 164 and 82 wetland acres, respectively.  All 

streams within the watershed would have 30-ft wide buffers on both sides of the stream under the N1 

scenario, representing 310 acres; in the alternative scenario, buffer placement is the same. 

Based on the soil survey criteria for saturated buffers, 95 acres in the watershed were ranked as 

most critical, 350 acres were ranked critical, and 620 acres were ranked as important.  However, a small 

percentage (0.031%) of these areas were within the limits of the 60-m riparian buffer.  Similarly, the RAP 

assessment identified 165 acres (0.38% of the LBW area) along the stream where saturated buffers 

could potentially be placed. 

 

Economic evaluation 

Initial analyses on 6 CP39 wetlands provided average opportunity costs for loss of corn 

production over a 10-y period of $267.40 acre-1 (Ohler 2016).   Per annum cost per wetland acre ($ 

wetland acre-1) at 5% interest was estimated as $2,348.48 acre-1 and $1,680.48 acre-1 over 15 and 30 

years, respectively.  Mean annual cost per kg of nitrate-N removed using wetland effectiveness data 

Tier 4

Tier 5

Figure 10.  LiDAR survey data-derived terrain and DEM models 

provided high resolution watershed and subwatershed 

delineations that provided for the division of the 43,000-acre 

Money Creek watershed into 26 Tier 2 (HUC 14) hydrologic 

sub-basins.
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from the Farm wetlands ranged from $50.32 to $307.06 and $40.00 to $214.33 acre-1 over a 15-y and 

30-y period, respectively (seepage 

adjusted).   

To treat the entire watershed using 

wetlands, Ohler (2016) estimated that 

between 617 (no seepage adjustments) and 

935 (seepage adjusted) acres of wetland 

would be required to reduce N to zero at a 

cost of $13.62 (no seepage) to $20.65 

(seepage adjusted) million dollars, 

respectively, given the cost estimates from 

the six wetlands at 5% interest rate over 15 

years.  Annual amortization cost ranged 

from $1.22 to $1.85 million using a 15-y 

analysis at a cost of $88.64 to $134.39 kg N 

removed-1.  To remove 50% of the N from 

the watershed, an estimated 312 (no 

seepage adjustments) to 474 (seepage 

adjusted) acres of wetland would be 

required at a cost of $7.08 to $10.75 million 

dollars, given the cost estimates from the 

six wetlands at 5% interest rate over 15 

years.  Annual amortization cost ranged 

from $640,000 to $970,000 using a 15-y 

analysis at a cost per kg of N removed of 

$46.17 to $69.99.  Annual cost for a 2.88 

MGD ion exchange treatment system was 

estimated at $448,948 using a 15-y 

amortized investment analysis that included 

weekly maintenance labor costs and regeneration costs (Ohler 2016). 

Literature summaries by Ohler (2016) revealed few studies on saturated buffer costs and 

efficiencies to-date.  Two studies reported total cost to be $3000 (Morrison 2014) for a 90-ft wide strip 

and $3500 (Jaynes and Isenhart 2014) for a 335-m long buffer, that include additional tile and a control 

box.  Jaynes and Isenhart (2014) showed a cost removal of $2.17 kg N-1 over a 20-year life expectancy 

and a 4% interest rate.  Primary economic considerations related to transitioning from fall to spring N 

application are the higher costs of anhydrous ammonia in the spring versus the fall.  Using data from 

USDA-IL Ag Market News Service, Ohler (2016) calculated fall (Sept-Nov) offering prices of $690.02 ton-1 

versus spring (Mar-May) prices of $725.13 ton-1.  Using USDA NASS estimates of an average application 

rate in IL of 162 lbs acre-1 year-1 and 2012 farm census data showing that the average farm acres in 

McLean County is 465 acres, spring application could increase annual anhydrous costs by $1,331 to 

$2370 (Ohler 2016).  Effectiveness of cover crops at reducing N depends on multiple variables such as 

cover crop type, weather conditions, time of planting, thus an annual cost-benefit analysis of this 

practice is also highly variable.  For example, Christianson et al. (2013) reported an average cost on N 

removal of $55 kg-1 y-1 with a standard deviation of $48 kg-1 y-1.  In addition, literature review by 

Figure 11.  The new “stream order” network based 

on a historical flow threshold of 11 km2 that indicates 

the extent of tile drainage in Money Creek watershed.  

Note the correspondence of the flow net in the insert 

to the tile drains that can be seen in the underlying 

color infrared photograph.
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Christianson et al. (2013) reported a range of percent N reductions from -13.5% to almost 70% (Ohler 

2016).   

A total of nine CP39 wetlands 

and one privately-funded wetland 

were constructed in two 

subwatersheds of the Mackinaw River 

between 2014 and 2017 (Table 3).  

Total installations costs ranged from 

$15,012.59 to $49,260.74 for wetlands 

ranging from 1.0 acre to 4.5 acres 

(wetland pond + buffer).  Updated 

analyses estimated that total cost per 

acre ($ acre-1) of CP39 wetland 

construction ranged from $5,004.20 to 

$36,445.17 acre-1 with an average cost 

acre-1 of $19,474.20 wetland acre-1.  

When construction costs were 

analyzed as the cost acre-1 of treated 

tile-drained farmland, total costs 

ranged from $161.43 to $2250.77 tile-

drained acre-1, with an average cost of 

$870.52 to treated tile-drained acre-1  

(Table 3).  The majority of wetland 

construction cost was excavation 

followed by design costs and tiling 

expenditures (Figure 14).  Four 

wetlands were constructed early 

enough in the project to estimate 

annual N loadings and removal for 

2015 and/or 2016 (Table 4).  

Construction costs per kg NO3-N 

removed estimated over a 15-year 

CRP contractual period averaged 

$28.71 for seepage adjusted 

estimates and $21.83 for estimates 

that were not seepage adjusted.  

Nitrogen removal costs in terms of the 

cost acre-1 of treated tile-drained 

farmland averaged $1.44 (seepage 

adjusted) and $1.09 (not seepage 

adjusted) per kg N removed acre 

treated-1 over a 15-year contract 

(Table 3).   

 

Potential locations for cover crops in Money Creek watershed

Potential locations

Critical locations

421

Miles

N

Figure 12.  Using soil survey data, the most critical cover 

crop locations were identified based on (a) tile drain 

buffers, (b) soil erodibility, and (c) soil slope.  Critical 

locations cover 3,245 acres (7.6% of watershed) and 

potential locations cover 6,500 acres (15%) for a total of 

9.745 acres or 23% of the Money Creek watershed.

Cover Crop

Bioreactor

Wetland

Filter strip

Figure 13.  Optimized nitrogen reduction plan based on the 

N1 scenario from the Illinois Nutrient Loss Reduction 

Strategy (2016) for Money Creek watershed.  In this 

model, 9,750 acres of the watershed is in cover crops (33% 

of watershed), 4,400 acres are treated with bioreactors 

(10% of watershed), 16,350 acres are treated with 

wetlands (38% of watershed) and the entire stream is 

bordered by filter strips on both sides (310 acres).
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Summary 

Project Overview 

During this project, we worked with McLean County SWCD to design and implement a strategic 

outreach program tailored to the outreach needs associated with nitrogen management and 

constructed CP39 wetlands.  Keys to the success of this program include: 1) outreach by a trusted, local, 

credible source who knows farming and the farm conservation programs; 2) succinct, accurate outreach 

materials that provide farmers with information about how these practices work, water quality benefits, 

and the economics; and 3) plenty of one-on-one assistance, particularly with wetlands outreach.  

Constructed CP39 wetlands were a new practice and a substantial commitment for landowners.  It was 

important to have multiple conversations to familiarize landowners with this new practice and to 

answer all their questions before they were ready to commit.  Given the unfamiliarity and complexity of 

this new practice, very few, if any, of these constructed wetlands would have become a reality without 

the assistance of McLean County SWCD, NRCS, and partners in helping to resolve potential barriers, such 

as whether a constructed wetland could be located on an existing CRP filter strip. The learning from this 

experience has led to the development of a Mackinaw River watershed outreach strategy that includes 

the 2017 ISU producer survey in Six Mile (Evergreen Lake) and Money Creek (Lake Bloomington) and 

current our partnership with Pheasants Forever to provide outreach on riparian buffers, grass filter 

strips and saturated buffers.  

We exceeded our goals, constructing six CP39 wetlands and one privately-funded wetland in 

Money Creek watershed, and three additional CP39 wetlands in an adjacent watershed during the 5-

year project.  These were the first CP39 wetlands implemented in the state, making Illinois second only 

to Iowa in the number of constructed wetlands to treat tile drainage.  As we worked through the 

process of pioneering this new practice, we gained invaluable insights about the intensive outreach and 

messaging required to successfully familiarize farmers with the practice such that they voluntarily 

Cost of design

Excavation

Tiling
Control structures

Seeding
Fertilizer
Other (0.04%)

66%

13%

16%

1%
2% 2%

Figure 14.  Economic breakdown of CP39 wetland construction costs
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completed the sign-up process.  We successfully worked with NRCS and FSA to address barriers that 

forged helpful policy, such as obtaining waivers from FSA county committee to install constructed 

wetlands on existing CRP grass filter strips.  This practice placement considerably enhanced the appeal 

for many landowners who were understandably reluctant to install a wetland on valuable cropland.  

Additional advantages included hiring a private firm for wetland engineering design that significantly 

accelerated the process for landowners, and the ability to install these wetlands in suitable floodplain 

locations.  

Preliminary results from the first few years of data collected from three Money Creek wetlands 

show that these wetlands are reducing annual nitrate loads from agricultural tiles by 36% to 51%.  We 

further learned that these wetlands continue to function throughout the year, an important finding 

given the continued prevalence of fall application of fertilizer in the watershed. Our data show that this 

is a cost effective practice, even if one employs the extremely conservative assumption of a 15-year 

practice life for these wetlands and note that other scholars have assumed 50-150 year practice life for 

constructed row crop drainage water treatment wetlands. In sum, our experience shows that 

constructed wetlands are a highly effective practice that can provide water quality benefits for decades 

as well as other amenities including wildlife habitat, natural beauty, and in some cases, floodwater 

retention.  Significant upfront costs, wetland design, and outreach needs associated with this practice 

warrant a partnership approach and enhanced or supplemental funding to achieve greater scale of 

implementation. Further study of innovative approaches to streamline design, enrollment, installation 

and to provide enhanced funding and possibly agricultural certainty are recommended. We continue to 

be excited about the potential of constructed wetlands, but recognize that this is not a silver bullet and 

welcome the development of additional practices, such as NRCS’s new practice standard for saturated 

buffers.  This new practice is less expensive and highly effective such that is likely to be embraced by 

farmers if developed properly with appropriate incentives.  Much of our experiences and learning from 

the constructed wetlands can help guide implementation of saturated buffers at scale.  

Farmer enrollment increased from 23 (2013) to 32 (2014) and 38 (2015) participants during the 

3-year Farmer Network program for a total of 2,500 to 5,000 acres enrolled in any given year.  Farmers 

welcomed the opportunity to participate in the farmer network meetings and receive anonymous real 

time data. We learned that the nitrogen runoff issues in the watershed are generally not due to over 

application of fertilizer, but rather to high fall application rates that export considerable amounts of 

nitrogen to waterways before crops can take it up in the spring.  There was noticeable interest among 

farmers in the network to learn more about shifting to spring application, but we learned that farmers 

talked more candidly with us about the challenges and opportunities associated with shifting to spring in 

the small Agricultural Advisory Group (AAG).  This small informal group provided insights on challenges 

such as competition for time in the busy spring season, equipment needs, labor, and higher fertilizer 

prices.  They also provided feedback as we investigated approaches used elsewhere in Illinois to 

overcome these barriers (e.g., toolbar initiative in Champaign County, American Farmland Trust’s 

income guarantee).  Experience with the Farmer Network program led us to collaborate with McLean 

County SWCD to secure an IL EPA 319 grant to transition 3,000 acres in Money Creek watershed from 

fall to spring nitrogen application over the 2017 and 2018 growing seasons, approximately doubling the 

number of watershed acres receiving spring-applied nitrogen.   

Another exciting facet of this CIG is that we used mapping and database development not only 

to advance understanding of the actual highly altered hydrology of this watershed and to identify 

locations for constructed wetlands, but also as an innovative way to delineated subsurface tile drainage 
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– an enormous gap in our understanding throughout the UMRB watershed.  This represents a highly 

replicable tool with enormous potential.  Using LiDAR elevation data, the entire Money Creek watershed 

was divided into drainage sub-basins.  A methodology was designed to use drainage flow paths to locate 

tile drains. Topography, drainage basins, tile locations, and existing soil information (McLean Co. Soil 

Survey) were used to prescribe optimum placement of conservation practices to attain a maximum 

reduction in nitrate loading to Lake Bloomington.  Data layers from GIS database, as well as economic 

and biodiversity data layers, will be integrated into and online GIS interactive platform that will be 

available to investigators to visualize conservation practice scenarios in the watershed and associated 

economic, nutrient reduction and biodiversity consideration based on available data.  Methods of the 

GIS database and the interactive map will be documented such that it could be transferable to other 

central IL watersheds in which LiDAR and additional appropriate data layers are available to increase 

opportunities for groups to use the tool in diverse ways and over a larger geography. 

Economic analyses were an important component of the learning from this CIG that revealed 

how constructed wetlands, while highly effective and long-lasting, have high construction costs.  

However, these are small wetlands (typically 1 acre or less pool size) and land costs and opportunity can 

be defrayed to some degree by enrolling these constructed wetlands on existing CRP grass filter strips, 

which provide ample suitable locations within the watershed.  Overall, the total projected price tag to 

address nutrients in tile drainage in the watershed using only constructed wetlands is high -- $13-20 

million dollars.  Considering the cost and our understanding that a single filtering practice will not be 

enough to address tile drainage or appeal to every landowner, we have expanded our focus to 

incorporate the new saturated buffer conservation practice (roughly $3,000 for installation costs) in 

future conservation efforts.  Future research will include investigating innovative ways to 1) reduce the 

design and construction costs of constructed wetlands (e.g., economies of scale, standardizing and 

simplifying designs), and 2) provide funding to defray significant out of pocket costs to landowners (e.g., 

revolving funds, green investors, nutrient trading). 

 

Outreach Strategy Development 

Our experience promoting in-field (adaptive nitrogen management) and edge-of-field 

(constructed wetlands) conservation practices in Money Creek subwatershed has informed the 

development of an outreach program appropriate for the larger Mackinaw watershed and for other tile-

drained, agricultural watersheds in the Corn Belt region. In our work, traditional, broad-scale outreach 

materials including newsletter articles, fact sheets, newspaper stories, and online content were useful 

for helping us to concisely describe conservation opportunities and promote them to local landowners. 

However, our outreach most effectively led to practice adoption and implementation when it was 

targeted to specific individuals, when messages were delivered from trusted advisors, and when we 

demonstrated an understanding of how the practices being promoted fit within the context of an 

individual producer’s management system. In many cases, an iterative approach, including 

conversations over many months, was required for adoption of long-term practices like constructed 

wetlands. 

 

Key components of outreach program 

It is generally recognized that achieving meaningful water quality improvements in Illinois will 

require a multi-practice, multi-partner program with on-the-ground, local outreach as a key component. 

Our approach utilized partnerships to ensure that landowners and producers received consistent and 
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coordinated conservation information from trusted messengers, and highlighted multiple benefits 

(environmental, economic, social) of increased conservation on agricultural land that included the 

following key components: 

1) One-on-one and one-to-few outreach by knowledgeable, trusted local providers who 

understand the local farming community and context, as well as existing Farm Bill conservation 

programs. 

2) Practice demonstration using formal field days, informal site tours, and farmer-led discussions 

and workshops. 

3) Clear and concise outreach materials that addressed practice benefits, costs, and economic 

incentives associated with recommended conservation programs. 

4) Data that showed sources of nitrate export into the watershed and practice effectiveness at 

reducing nitrogen loss from farmland tiles to the watershed. 

 

Infield practices (nitrogen management) 

During this project, we focused infield conservation efforts towards helping producers shift the 

timing of nitrogen fertilizer application from fall to spring. Data from our three-year Farmer Network 

and from a 2017 survey of producers in Money Creek and Six Mile Creek subwatersheds (Brehm and 

Swick 2017) indicate many local producers are transitioning primary nitrogen applications from fall to 

spring and/or during the growing season. We continue to support this transition in the larger Mackinaw 

River watershed by reducing the barriers associated with spring N application, such as increasing access 

to custom side-dress application, and documenting agronomic impacts of spring application.  

 

• Partnering with a trusted messenger: Successful components of the Farmer Network outreach 

program included partnering with a local certified crop advisor, NRCS and McLean County SWCD 

to increase credibility with producers and providing opportunities for farmers to convene, learn, 

and discuss nutrient management programs with their peers. 

• Leveraging new resources to transition new acres: Building on the accomplishments of the 

Farmer Network, the McLean County SWCD, in partnership with TNC, secured an IL EPA 319 

grant to transition 3000 acres from fall to spring nitrogen application over the 2017 and 2018 

growing seasons, approximately doubling the number of watershed acres receiving spring-

applied nitrogen. The 319 project includes custom side dress application by a local crop advisor 

(BCS, LLC), as well as collection and documentation of soil nitrogen, corn stalk nitrogen, corn 

yields, and total nitrogen application on all participating fields. Data collected will enable 

analysis of the overall economic costs and/or benefits of switch from fall to spring application, 

and custom application provides producers an incentive to try the practice on new acres in the 

watershed. The 319 project includes outreach to potential participants through targeted 

mailings, conversations with new and existing BCS clients, and field days demonstrating side 

dress application equipment.   

• Transferring results and lessons learned: The model of working with a certified crop advisor to 

enhance adoption of a new conservation practice has been successful in the Bloomington 

watershed, and it is easily transferrable to other watersheds in the region. Upon completion of 

the 319 project, information will be shared regarding the project approach and results with the 

broader community of certified crop advisors and soil and water quality professionals 

throughout Illinois using in-person and online presentations and written project summaries. 
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These messages could stand alone, or be integrated with promotion of the 4R Nutrient 

Stewardship (Right Source, Right Rate, Right Time, Right Place) Program, which is widely 

supported by producers, commodity groups, and agribusinesses.  

 

Edge-of-field practices (constructed wetlands, saturated buffers) 

Outreach is especially critical for edge-of-field practices because they do not traditionally 

provide a landowner with on-farm economic benefits.  Potential improvements to water quality occur 

downstream, and implementing edge-of-field practices requires landowners to take valuable land out of 

production for 10-15 years if implementation occurs through a federal Farm Bill Program.  We have 

demonstrated that constructed wetlands provide highly effective treatment of tile drainage, but the 

high upfront costs associated with implementation, as well as the long-term nature of the practice, can 

act as barriers to widespread adoption.  Other tile treatment practices, such as saturated buffers, 

bioreactors, and drainage water management, can potentially be implemented at lower costs, but they 

are new practices whose long-term efficacy has not been widely demonstrated. 

Our edge-of-field outreach program focused primarily on promoting constructed wetlands and 

other tile treatment practices among landowners, and among other conservation partners who work 

closely with producers, such as SWCD, NRCS, and FSA personnel, contractors, and agribusiness 

representatives.  We also shared messages with other agricultural outreach professionals and with 

municipal water managers whose source drinking water supplies could be impacted by agricultural 

drainage.  Both broad scale and targeted outreach are necessary to build demand for these practices 

and accelerate their implementation on the landscape.  Components of our edge-of-field approach that 

proved successful for wetland implementation included:  

 

• Addressing implementation barriers:  The process of CRP sign-up and wetland construction is 

time-consuming and complicated.  Successful implementation of six CP39 wetlands in Money 

Creek watershed during this project hinged on individualized assistance by local SWCD and NRCS 

to landowners throughout the process from initial contact, onsite visits during wetland 

construction, through completion of final CRP reimbursements.  Given that these were the first 

CP39 wetlands to be installed in Illinois, there were numerous questions and concerns from 

landowners on wetland attributes and CRP CP39 requirements.  Incorporation of these 

questions into a fact sheet that was made available online was one way to broadcast accurate 

information pertaining to commonly asked questions.  Furthermore, allowance to place 

constructed wetlands in floodplain areas of the watershed and in existing CRP filter strips 

(through waivers) increased opportunities to implement the CP39 practice.   

 

• Enhancing landowner incentives associated with edge-of-field practice adoption: Many 

landowners may consider edge-of-field practices too burdensome relative to benefits received.  

Although installation of edge-of-field practices through the CRP yields up to 90% cost share, 

several components including excavation and seeding have associated payment caps.  

Additionally, landowners need to be able to pay the contractor within 30 days, while 

reimbursement payments can take much longer to receive.  Covering payment gaps with private 

grant funds is common, but is not a sustainable solution.  Follow-up steps to this project include 

pursuing mechanisms that can cover upfront landowner costs (e.g., revolving loan funds), as 
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well as new opportunities to secure additional cost-share and incentive dollars to promote more 

widespread adoption of edge-of-field conservation practices.   

 

• Developing strategic partnerships: The Conservancy is exploring new partnerships with 

contractor groups, drainage districts, and municipalities, among others, to understand how they 

can achieve common goals and realize multiple benefits. 

 

• Using spatial analysis tools to identify potential priority areas for specific practices: We are 

building on data layer outputs from the GIS database, such as predicted locations of tile drains 

and recommended implementation areas for conservation practices, to help prioritize outreach 

investments.  Outreach for saturated buffers is currently focused on landowners with existing 

CRP filter strips, since new acres are not currently eligible for CRP enrollment. 

 

• Creating local demonstration sites: Opportunities for potential program participants to attend 

local field days and demonstration sites provides first-hand knowledge on how practices are 

installed and maintained.  As an extension of the CIG project, TNC and partners are planning a 

field day to train local contractors on saturated buffer installation procedures and to promote 

this new practice among landowners.   

 

• Demonstrating long-term effectiveness of edge-of-field practices:  It is critical to provide 

practice effectiveness data to landowners and investors to justify the current and future 

investments in edge-of-field practices.  Landowners in this project have shown great interest in 

how well wetlands work and whether their investments are improving water quality.  The 

Conservancy continues to monitor nutrient load reductions from constructed wetlands to better 

understand economic and agronomic cost-benefits of this practice.  As saturated buffer 

installments increase there will be subsequent opportunities to learn more about the 

performance of this new practice in the field and to contribute the larger body of knowledge 

about the capacity of edge-of-field practices to reduce nutrient loads to surface waters. 

 

• Elevating local farm leaders: Conversations with farmers have revealed tendencies of feeling as 

if they are targeted by the public eye as “water quality polluters”.  Increased public awareness 

of the continued engagement of the agricultural community in water quality conservation 

efforts promotes integration of urban and rural conservation efforts and positive momentum 

within the watershed.  Several strategies to elevate “early adopters” of edge-of field practices 

and increase local adoption include promoting landowner testimonials, hosting farmer-led and 

farmer-focused tours and workshops, and local news articles and radio interviews.  

 

Keeping it local 

The Nature Conservancy has been active in the Mackinaw River watershed for more than 25 

years, and in that time, has developed strong relationships with local partners including McLean County 

SWCD and NRCS, area landowners, university researchers, and the City of Bloomington.  We continue to 

work in the Mackinaw watershed in conjunction with the farmer-led Agricultural Advisory Group (AAG) 

that helps us refine messaging and understand emerging local needs and challenges.  This group 

expressed interest in several specific outreach pieces for local audiences that would demonstrate both 
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progress and the need for continued implementation of infield and edge-of-field practices, and that 

could be adapted for different geographies. 

• Describe collective impact of conservation work in the watershed – Are we making a difference? 

• Publicize farmer efforts to improve water quality among municipal water rate payers - Promotes 

agriculture and builds greater understanding of farmers’ efforts among downstream water 

users. 

• Identify opportunities to participate in future efforts – Provide landowners information about 

conservation programs, including Farm Bill processes and timelines, and incentives. 

• Create farmer-led epicenters for outreach – Work with farmers to plan small-scale 

“neighborhood” field days to discuss conservation options and opportunities. 

 

Assessment of Conservation Practices 

As stated in the IL-NLRS, nitrogen runoff is a major threat to water quality in Illinois, such that 

increased adoption of effective agricultural nitrogen loss-reduction practices will be critical for 

protecting our local freshwater resources.  Reducing nonpoint source runoff is especially challenging in 

Illinois because of the high percentage of cropland, nitrogen-dependent corn production, and the 

prevalence of tile drainage.  Constructed wetlands and nitrogen management are two practices 

highlighted in the IL-NLRS to reduce nitrogen loss from agricultural lands and to treat nitrogen exported 

to waterways through drainage tile systems.  An overarching guidance principle of the IL NLRS plan is to 

encourage voluntary adoption of practices that are incentive-based, practical and cost-effective.  We 

documented these aspects during installation of the first CP39 wetlands in Illinois as well as worked 

through several programmatic and economic challenges that have may streamline future 

implementation of this practice.  We found overall that wetlands can be very effective at reducing 

nitrate- nitrogen and dissolved phosphorus; however, they are expensive and not easy to implement on 

highly productive agricultural farmlands in central Illinois.  Thus, they remain a valuable practices for 

meeting IL-NLRS goals with careful placement for maximum effectiveness. 

Nitrogen management planning and transitioning from fall to spring fertilizer application is a key 

strategy in the IL-NLRS.  Based on several published studies, the IL-NRLS estimated an expected nitrate-

nitrogen loss reduction of 20% in central Illinois when no nitrogen is applied in the fall.  This estimate 

corresponds to the 20% expected reduction in nitrogen loss in an assessment of nutrient reduction 

planning for Money Creek watershed (David et al. 2008) and decreased nitrate levels of 17% and 20% in 

two Illinois Rivers (Gentry et al. 2014) with a transition from fall to spring application.  Data from the 3-y 

Farmer Network showed positive trends towards reducing fall nitrogen application as well as total 

annual nitrogen application rates.  Subsequent meetings with the AAG substantiated the interest among 

farmers to transition to spring nitrogen application provided they can negotiate potential transitional 

barriers.  

 

CP39 Wetlands 

• Effectiveness:  Preliminary results from the 1 to 2 years of annual data collected from four 

Money Creek wetlands show that these wetlands are working very well to reduce annual nitrate 

loads from agricultural tiles from 36% and 51% in three of the four wetlands.  These wetlands 

also showed high potential for annual orthophosphate (ORP) reductions (up to 88%) but results 

were more variable, ranging from 13% to 88%.  The fourth wetland showed highly variable 

nitrate reductions, ranging from 25% in 2015 to only 4% in 2016, that were likely due to 
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frequency of inundation from Money Creek.  Similarly, ORP loadings in the outlets of this 

wetland were higher than loadings entering the wetland.  Overall, total annual ORP loadings at 

this site were much smaller than at the other wetland sites.   

 

• Placement: The ability to site CP39 wetlands within the floodplain is advantageous to 

implementation in that (a) much of the farmland adjacent to Money Creek falls within the 

floodplain and (b) this property tends to be less productive due to flooding and potentially more 

appealing to the landowner for CRP enrollment.  Future placement of wetlands in the floodplain 

will need to take into consideration flooding frequencies and potential effects on wetland 

effectiveness.  Annual data from two wetlands located within Money Creek floodplain (sites 3 & 

4, Table 2) show high potential for nitrate removal; however, reduced effectiveness in year two 

for site 4 suggest that wetland effectiveness may be quite variable depending on flood 

frequencies.  It will take multiple years to determine the cost-efficiencies of floodplain wetlands 

versus those on higher ground, but this is exactly the type of information that is needed to 

determine the best placement of wetlands for maximum effectiveness.   

 

• Seasonality:  Unlike many infield practices, nitrate removal by edge-of-field wetlands continued 

throughout the year, even during winter months.  Higher reduction capacity during the spring 

and early summer correspond with increase nitrate runoff in heavily tile-drained watersheds like 

Money Creek.  The ability of these wetlands to reduce 25%-23% of nitrate loadings in the fall is 

especially important in agricultural landscapes like Illinois, in which much of anhydrous fertilizer 

applied after harvest runs off as nitrate during the fall. 

 

• Cost efficiencies:  Wetlands were expensive to construct, averaging $19,474 acre-1 wetland 

constructed and $871 acre-1 farmland treated for sites installed during this study.  Although the 

cost efficiencies are higher than most practices even when calculated as $ kg removed-1 over 15 

years ($21.83-$28.71 kg-1) these numbers are more comparable to cost efficiencies of infield 

practices when calculated as $ kg removed-1 acre-1 farmland treated ($1.09-$1.44) during the life 

of a typical CRP contract (15 years).  Excavation costs were by far the largest expense related to 

wetland construction, followed by design costs.  Excavation costs were especially high in cases 

where soil from floodplain wetland excavations were required to be removed off-site.  Further 

analyses will be conducted to explore ways to reduce wetland construction costs including ways 

to reduce excavation costs and increase economies of scale.  We note that this is a highly 

conservative cost efficiency number in that other studies have used practice life estimates for 

wetlands of 50 years (Hyberg et al. 2015).   

• Increasing wetland implementation:  Restoring historical landscape function that slows down 

runoff by constructing wetlands in critical locations where they can reduce nutrient loadings to 

waterways from tile drainage systems is a key component in the larger nutrient loss reduction 

strategy.   

o Considering the reliability and effectiveness of wetland AND the high up front 

installation costs, priority will need to be given to create financial incentives for 

landowners of identified critical areas to reduce or eliminate any out of pocket costs for 
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wetland construction.  There is some justification for such a payment protocol for this 

expensive practice in that landowner investment in this edge-of-field practice does not 

benefit the site itself but benefits downstream users and often provides treatments for 

pollutants from multiple farms.   

o Given that we had goals of installing six CP39 wetlands during our project timeline, 

wetland design and engineering were contracted to a private firm to streamline the 

process.  Total wetland costs could be reduced substantially by working through NRCS 

for wetland designs or by developing software and/or TSP relationships to efficiently 

provide high quality constructed wetland designs through public/private partnerships.  

o Permission from FSA county committee to allow waivers to place wetlands in existing 

CRP filter strips, thus reducing additional land removal from cash crop production, was a 

crucial step towards increasing wetland implementation in Money Creek given that 

many landowners had existing filter strips in the watershed.    

 

Nitrogen management 

• Data trends:  Data from the 3-y Farmer Network showed (a) increased enrollment in the 

program over time (b) increased transition towards spring application among participants, and 

(c) decreased total N application rates.  Increased spring nitrogen application corresponds with 

results from a 2017 survey of producers in Money Creek and Six Mile Creek watersheds that 

showed increased use of spring versus fall nitrogen application (Brehm and Swick 2017) and is 

consistent with a statewide trend described in the IL-NLRS Report (2017).  Predicted reductions 

in nitrogen losses up to 20% from agricultural fields paralleled with existing trends to transition 

from fall to spring nitrogen application   

• Potential barriers: Concerns among farmers related to transitioning from fall to spring included 

access to proper side dress equipment and the ability to side dress nitrogen at the appropriate 

time due to weather and other practical constraints.  An additional concern highlighted in Ohler 

(2016) is the potential of higher fertilizer priced in spring than in the fall as much as $1,331 for 

an average farm of 465 acres based on USDA-IL Ag Market News Service data from July 2009 to 

July 2016.  However, these calculations do not consider that spring application may require less 

fertilizer as suggested by results from the Farmer Network Program. 

• Outgrowth from Farmer Network: (a) Increased transition rates to spring application among 

Farmer Network participants directed watershed partners to submit an Illinois EPA 319 proposal 

that was funded to McLean County SWCD with the objective of shifting 3000 acres from fall to 

spring nitrogen application in Money Creek.  One component of this project is to monitor and 

document economic and practical aspects of changing from fall to spring application. Results 

from the project will provide a more comprehensive understanding of the perceived barriers, 

and practical solutions associated with shifting from a primarily fall implementation plan to 

spring application (b) A subset of farmers, farm managers and landowners from the Farmer 

Network continues to meet biannually as the Agricultural Advisory Group (AAG) with partner 

from TNC, SWCD, NRCS, CSC LLC, and the City of Bloomington to discuss how to “move the 

water quality needle” in the Mackinaw River watershed.  Discussions cover practical issues and 
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concerns related to conservation practices, feedback from projects that would interest the 

agricultural community, and outreach strategies to scale up practices. 

 

Mapping 

Most recognize that achieving meaningful water quality improvements in Illinois will require a 

multi-practice, multi-partner program with on-the-ground, local outreach as a key component.  Given 

the voluntary nature of conservation practice adoption and the expense of installing and implementing 

practices, it will also be necessary to accurately evaluate locations on the landscape where conservation 

practices will be most environmentally and cost effective.  The database developed during the CIG 

project was designed to facilitate the establishment of prescriptive multi-practice plans to reduce nitrate 

loading in the watershed. To successfully site locations for constructed wetlands and other conservation 

practices in Money Creek, it was first necessary to identify flow patterns on the landscape that were 

used to delineate the watershed into smaller HUC units and eventually used as indicators to locate tiles 

drainage systems.  In areas where random tile drainage predominates in the landscape, findings indicate 

that LiDAR-derived flow nets can be effective in predicting tile drainage line locations. While this method 

may not result in the exact location of tile lines, over half of the time LiDAR estimates fall within an 

average of 0 to 1.5 meters from the actual tile location, and 95% of the time estimates fall within 0 and 

an average of 4.9 meters from the actual tile location.  An advantage of this technique over black and 

white and color photographs is that this method of LiDAR prediction requires the production of only one 

topographic map and does not require multiple collection points based on weather and soil moisture 

conditions.  To reach future nitrate loss reduction targets, the IL-NLRS (2016) selected nitrogen 

management practices (N1-N6) that have the greatest potential to reduce nitrate loading from 

agricultural croplands of Illinois.  As part of the CIG project, the GIS model was applied to the state of 

Illinois’ proposed best management practices to reduce nitrate loading from the watershed using the N1 

scenario described in the IL-NLRS (2016, Table 4-1).  Key results and potential applications of Money 

Creek watershed mapping include: 

 

• Watershed delineation:  An initial goal of our work was to develop a mapping system that 

identified and assigned a unique numerical identification number to all basins and sub-basins 

down to the field level that would allow the exact siting of prescribed management practices on 

the landscape at the most optimum locations within the watershed. Using LiDAR survey data 

derived terrain and DEM models, we developed a series of sub-watershed basins that extended 

the HUC system from HUC 12 to HUC 22 to identify ephemeral stream basins and upland flow-

path basins. This approach resulted in the creation of a flow net that coincided closely to tile 

drainage lines, giving a much clearer picture of where tile lines occur that closely coincided with 

the CIR photographs.   

• Predicted tile drainage networks: While LiDAR-derived estimates of tile drainage line locations 

cannot always determine exact tile locations, they can help land contractors to reduce search 

times for tile line locations. LiDAR-derived tile maps, along with CIR (where available) and black 

and white aerial photos (e.g., Google Earth) can produce highly accurate predictions of tile line 

locations that will aid land managers in the selection and application of conservation practices 

for tile-drained lands of the agricultural Midwest. 
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• Ground truthing: Data show that 7% of all estimates of tile point locations using LiDAR were 

exact (error = 0 m), 56% were within 1.5m, 80% were within 2.5 meters, and 95% within 4.9 

meter from true tile point locations. 

• Practice scenarios for individual and mixed practices: The GIS model approach enables the 

planner to select optimum site locations for the placement of multiple conservation practices 

determined through the evaluation of multiple site characteristics incorporated in the GIS 

model. 

• Test of IL-NLRS N1 scenario: The GIS model enabled us to create an alternate scenario that 

modified the extent of practices suggested by the N1 scenario to increase their efficiencies in 

Money Creek watershed based on the effective tile-drainage area and topography of the 

watershed. 

• Next steps: Set up an interactive mapping platform using ArcGIS Online, Esri.com, and Money 

Creek watershed datasets that will allow the investigators to utilize the datasets to analyze, 

manipulate, and visualize information with geographical locations.  

 

Working at larger scales 

Multi-practice, multi-partner efforts will be needed to make progress towards Nutrient Loss 

Reduction Strategy goals.  The Conservancy is exploring opportunities to partner with soil and water 

conservation districts, NGOs, and others, to expand the FiveStar certification program in Illinois. The 

FiveStar (STAR: Saving Tomorrow’s Agricultural Resources) Program was developed and is currently 

being piloted by Champaign County SWCD.  The program recognizes landowners for their positive 

actions to improve water quality and soil health, helps them identify future improvements, and sets 

them on a path toward continuous improvement.  The Conservancy is also a member of the newly 

founded Illinois Sustainable Ag Partnership, a collaboration of groups and organizations coming 

together to address agriculture in the state of Illinois. The partnership includes: American Farmland 

Trust, Illinois Central College, Illinois Corn Growers, Precision Conservation Management, Soil Health 

Partnership, The Wetlands Initiative, and Zea Mays Foundation.  These partners are all working with 

producers to move the needle on soil health, water quality, and sustainability, while maintaining high 

agricultural production.  Partners avoid duplicative efforts and competing messages by working together 

towards common goals and each group has potential to reach larger, more diverse audiences.  The 

Partnership is “focusing on messaging, outreach, training and education for farmers and their trusted 

advisors, as well as creating a network of on-farm demonstration sites to bring together and disseminate 

latest information and lessons learned in plain, practical language specifically designed to reach the 

middle adopters” (ISAP Website). 

 

“Moving the Needle” 

Farmers have always been stewards of the land and are generally open to innovative ideas for 

agricultural and environmental improvements.  Consensus among the landowners, farmers, and farm 

managers that we worked with during this 5-year project to “move the water quality needle” support 

local interest to scale up conservation and to see measurable water quality improvements.  Valuable 

insights relevant to using voluntary conservation programs to implement an integrated watershed 

approach were gained from interactions with the Farmer Network and AAG.  First, it is critically 

important to understand landowner/farmer perspectives on the practicalities and economics of 

integrating conservation practices into their farm operations.  Farmers recognize that edge-of-field 

http://ilsustainableag.org/
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practices the treat tile drainage systems are necessary to “move the needle” but farmland is expensive 

in central Illinois and these practices can entail substantial out-of-pocket costs for landowners.  Multiple 

discussions with the AAG provided insights into the potential practical and economic barriers to shifting 

from fall to spring nitrogen application that were integrated into an ongoing IL EPA 319 grant that 

provides custom spring application to transition 3,000 acres from fall to spring nitrogen application in 

Money Creek watershed.    

“Moving the needle” requires having a suite of conservation practices available through USDA 

conservation programs, as well as an integrated watershed approach involving multiple partners.  

Partnerships with universities provided credible science regarding watershed mapping, water quality 

monitoring, economic analyses, and watershed survey data related to water quality challenges and 

conservation practices.   Our partnerships with McLean County SWCD, NRCS, and PF provide outreach 

from highly trusted, credible, local providers with longstanding relationships in the agricultural 

community. As we have learned in this project, “moving the needle” on water quality will require 

heavier investment in outreach for tile-treatment practices, which require more intensive hands-on 

outreach but are a critical piece to achieving water quality goals.  Edge-of-field practices do not provide 

on-farm benefits as do many infield practices (e.g., cover crops) and tend to have higher out-of-pocket 

upfront costs for landowners.  As such, increased financial incentives should be considered for 

landowners willing to remove highly productive farmland to install edge-of-field practices to treat tile 

waters that benefit downstream users.     

To successfully increase watershed conservation at the scale needed to meet water quality 

goals, it will be necessary to streamline and simplify practice signup, design, and implementation AND 

reduce the heavy financial burden on landowners that install effective tile-treatment practices like 

constructed wetlands that can reduce annual nitrate loadings by 50%.  Prior to the CIG, we experienced 

turnaround times for wetland designs of up to 9 months, likely due to limited capacity and time 

constraints, that discouraged landowners from following through with the signup process.  Using CIG 

funding to contract with a private engineering firm to design the wetlands greatly reduced delays that 

helped sustain project momentum.  As funding becomes tighter and workloads increase, it will be 

critically important to provide technical service providers and/or software that can help standardize, 

simplify, accelerate and lower the cost of design of these small but highly effective constructed 

wetlands.  Standardized designs would be especially applicable for the new saturated buffer practice 

since this entails a relatively inexpensive and basic design that can be installed quickly.    

USDA conservation programs are a critical part of the strategy to “move the water quality 

needle” at the watershed scale, but even the Farm bill programs do not have sufficient funding to 

entirely finance conservation at the scale needed to meet water quality goals.  Uncertainty and 

disruption of Farm Bill programs, such as government shut downs, the impending expiration of the 

current Farm Bill, and repeated shut downs of the CRP during this CIG, are further reasons to find 

creative ways to leverage private-public-NGO funding to provide consistency, increase predictability 

and maintain momentum.  Projects like this CIG, the Illinois and Iowa CREPs, and RCPPs show that 

conservation efforts made possible through USDA resources can be magnified by leveraging non-federal 

in-kind and cash investments.  Enhanced private-public-NGO partnering and creating innovative ways to 

achieving greater cost effectiveness (e.g., economies of scale) are needed.  Inspired in part by this CIG, 

we are investigating innovative ways to provide additional funding and support for watershed 

conservation that include water quality trading, water funds, and an enhanced buffer/filter strip 
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outreach effort that combines grant funded-outreach in this watershed and several other Mackinaw 

River watersheds with Illinois vegetative filter strip reduction in property tax.  
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Table 1.  Direct outreach to landowners and producers during the first 2.5 years of the Lake Bloomington watershed project for 

wetland construction showing the type of outreach, number of people invited and attendance numbers.  Response results are 

shown as the percentage of invitees that attended, the percent of attendees and of total invitees that expressed interest in CP39 

wetlands.   

-------------------------------------------------------------------------------------------------------------------------------------------------------------------------- 

  Method  Number Attendance   Number Percent Interest rate  Interest rate 

   invited        (#) interested attendance of attendees (%) of invitees (%)  

--------------------------------------------------------------------------------------------------------------------------------------------------------------------------- 

Breakfast meeting 16 9 3 56 33 19 

Breakfast meeting 24 8 5 33 63 21 

Site tour of wetland 15 4 4 27 100 27 

Direct calls 5 5 5 100 100 100 

Brochure & letter 24 n/a 2 n/a n/a 8 

 

Total 84 26a 19 23a 73b 31 

========================================================================================================== 
a Attendee values (#, %) are conservative because the numbers of people that read the brochure and letter are unknown 
b Interest rate of attendees (%) is based on the known number of tour, meeting and call attendees 
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Table 2.  Annual nitrate and orthophosphate loadings and seepage adjusted load reductions for four CP39 wetlands installed between 2014 and 

2017 in Money Creek watershed.  Also shown are the wetland pond size and wetland to tile-drainage area ratio. 

------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------ 

  Site  Wetland pond Annual Loadings (kg) Annual Load Reduction (%)  Wetland to 

  size (acres)  Nitrate    Orthophosphate   Nitrate   Orthophosphate  drainage area ratio 

 2015 2016 2015 2016 2015 2016 2015 2016 

------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------ 

 1 0.4 204 163 1.2 0.4 39 44 38 13 7.2 

 2 1.0 ---- 390 ---- 8 --- 51 --- 88 9.7 

 3 0.33 ---- 61 ---- 1 --- 36 --- 51 12 

 4 0.6 83 38 0.07 0.17 24 4 -477 -79 44 

====================================================================================================================== 

 

 

 

 

 

 

 

 

 

 



Final Report  30 November 2017 

41 
 

Table 3.  Total construction costs and acres of 10 Conservation Reserve Program CP39 wetlands built between 2014 and 2017 in two agricultural 

tile-drained subwatersheds of the Mackinaw River, Illinois.  Also shown are construction costs per acre of wetland, number of farmland acres 

that were treated by each wetland and the cost per farmland acre treated over a 15-yr CRP contract.  Wetland site names indicate the township 

that each wetland is located in McLean County, Illinois.   

------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------ 

 Wetland site Total Cost ($) Total acres Cost per acre ($) No. acres Cost per acre treated 

   (wetland pond + buffer) of wetland   treated over a 15 contract 

------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------ 

 Martin 15,012.59 3.0 5,004.20 6.20 161.43 

 Blue Mound #1 39,459.07 2.4 16,441.28 10.33 254.66 

 Blue Mound #2  40,856.30 3.8 10,751.66 3.44 791.79 

 Blue Mound #3 36,339.00 1.7 21,375.88 5.97 405.80 

  Money Creek North  33,680.80 2.6 12,954.15 10.33 217.37 

 Towanda  27,899.23 1.8 15,499.57 1.37 1357.63 

 Arrowsmith South  70,899.23 4.5 15,755.38 2.10 2250.77 

 Arrowsmith North  49,260.74 1.7 28,976.91 1.70 1931.79 

 Dawson  37,845.36 1.2 31,537.80 5.56 453.78 

 Money Creek South  36,445.17 1.0 36,445.17 2.75 883.52 

 

 Total $ 387,697.49   

 Total acres   23.7  49.75 

 Average $ acre-1    19,474.20 

 Average $ acre-1 treated over 15 years     870.85 

====================================================================================================================== 
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Table 4.  Cost per kg nitrate-nitrogen (NO3
--N) removed per year for CP39 wetlands constructed in Money Creek subwatershed of the Mackinaw 

River in central Illinois and estimated NO3
--N removal (kg) and removal costs ($/kg NO3

--N) over a 15-year CRP contractual period. 

------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------ 

    Seepage adjusted   Not seepage adjusted  

Wetland   Wetland  Acres  NO3-N removed NO3-N removed NO3-N removed NO3-N removed 

   Site cost ($) treated year-1 (kg)a 15 year-1 (kg)a year-1 (kg)c 15 year-1 (kg)c 

------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------ 

Money Ck. North 33,680.80 10.33  197.50 2962.50 244 3660 

Towanda 27,899.23 1.37  20 300.00 26 390 

Dawson 37,845.36 5.56  75.75b  1136.25 110 1650 

Money Ck. South 36,445.17 2.75  22.2 333.00 35 525 

 

Combined sites 135,870.56 20.01  391.20 4731.75 525 6225 

 

$/kg N removed 15 yr-1     $28.71  $21.83 

$/kg N removed 15 yr-1 acre-1 treated    $1.44  $1.09 

====================================================================================================================== 
a Seepage adjusted to reflect only what was denitrified in the wetland pond 
b Average of two years of annual removal 
c Not seepage adjusted – straight mass equation of N inlet minus N outlet loadings 
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Appendix A.  Project partners participated in 48 presentations at local, regional, national and 

international meetings and scientific conferences during the five-year Lake Bloomington Watershed 

Project, as well as 21 local, regional and national media outlets.  

 

Presentations 

Lemke, A. M., K. G. Kirkham, A. R. Maybanks, M. J. Day, M. Linsenbigler, D. A. Kovacic, J. Kraft, A. T. Noto,  
R. M. Twait, and M. P. Wallace.  2017. Evaluating Conservation Practice Effectiveness and 
Application to Improve Water Quality in Tile-drained Subwatersheds of the Mackinaw River, Illinois.  
Presented at (a) SWCS 72nd International Annual Conference, Madison, WI, (b) Universities Council 
on Water Resources/National Institutes of Water Resources Annual Water Resources Conference, 
Ft. Collins, CO, and (c) 2017 Inaugural Illinois Nutrient Loss Reduction Strategy Workshop, 
Springfield, IL. 

Marino, A. L., A. M. Lemke, K. G. Kirkham, A. R. Maybanks, J. Brehm, M. J. Day, M. Linsenbigler, D. A. 
Kovacic, J. Kraft, A. T. Noto, A. Ohler, R. M. Twait, and M. P. Wallace.  2017. The Power of 
Partnerships: Creating Opportunities for Conservation at the Watershed Scale. Presented at (a) 
SWCS 72nd International Annual Conference, Madison, WI, and (b) 2017 Inaugural Illinois Nutrient 
Loss Reduction Strategy Workshop, Springfield, IL. 

Kirkham, K. G., A. R. Maybanks, A. M. Lemke, M. Day, D. A. Kovacic, M. P. Wallace, K. L. Bohnhoff, J. R. 
Kraft, A. T. Noto, R. M. Twait. 2016.  Innovative conservation planning and implementation in tile-
drained drinking water supply subwatersheds of the Mackinaw River, Illinois. Presented at (a) The 
Nature Conservancy Central US Division Science and Stewardship Meeting, Austin, TX, and (b) 10th 
Annual Emiquon Symposium, Lewistown, IL. 

Kirkham, K. G., A. M. Lemke, and A. R. Maybanks, W. L. Perry, J. R. Kraft, M. P. Wallace, D. A. Kovacic, K. 
L. Bohnhoff, A. T. Noto, R. M. Twait.  2016.  Overview of 15 years of best management practice 
research in the Mackinaw River watershed, Illinois.  Presented at the Soil and Water Conservation 
Society annual meeting, Louisville, KY.  

Kirkham, K. G. 2016.  2018 Farm Bill Member Input Sessions.  Presented at the 2016 WILL Ag Farm 
Assets Conference, Normal, IL. 

Maybanks, A. R. 2016.  Investing in water:  The Nature Conservancy’s Mackinaw River Program.  
Presented at the Illinois State University Human Ecology class, Normal, IL. 

Lemke, A. M. and R. W. Twait.  2016.  Green infrastructure for source water protection and biodiversity 
improvement in Bloomington, Illinois, USA.  Presented at The Annual American Water Works 
Association Conference, Chicago, IL. 

Lemke, A. M. 2016.  The Mackinaw River Program: The Nature Conservancy’s approach to improving 
water quality and protecting diversity in a highly agricultural watershed in Illinois.  Presented to 
Osher Lifelong Learning Institute at Bradley University, Peoria, IL. 
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