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Project Title:  Assessing the Water Quality Impacts of Constructed Wetlands on Tile Outlet 

Terrace Runoff  

This is a Track One application with one project supporting implementation of the approved 

Kansas Wetland Program Plan (WPP). 

EPA Core Elements:  Voluntary Restoration and Protection, Monitoring and Assessment, 

Water Quality Standards.  Seven actions from the WPP (detailed in narrative below) will be 

addressed through this project.  

Kansas Water Office:  DUNS number 176259400000 

Contact Information:  Kirk Tjelmeland phone: 785-368-8149, kirk.tjelmeland@kwo.ks.gov  

Location- Northeast Kansas - Upper Wakarusa Watershed above Clinton Reservoir - HUC 

10270104010 

Total Project Cost, Total Federal Funds requested: Total Project Match: 

Total Project Cost $374,526  Federal $281,604  State $92,922 

Abstract/summary. This project will assess the performance of constructed wetlands used to 

intercept runoff from tile outlet terrace drainage systems through field experiments and modeling 

studies. Automated samplers will be used to collect runoff flows into and out of three constructed 

wetlands and determine the extent of wetland trapping of suspended solids, nitrogen and 

phosphorus. Additional sediment and soil samples will be collected from the sites to determine 

the long-term fate of collected nutrients, particularly nitrogen. A hydrologic model of the 

constructed wetlands will be developed using flow data to estimate hydraulic detention times and 

flow patterns during runoff events. These models will be combined with water quality data to 

assess sediment and nutrient removal rates during different precipitation scenarios and estimate 

the impact of increased wetland use on the local watershed. Results of this project will provide 

improved recommendations for wetland design and Best Management Practices. 

mailto:kirk.tjelmeland@kwo.ks.gov
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PROJECT DESCRIPTION:   

Program Priorities: The Kansas Water Office (KWO) has developed (CD# 97731701) a 

Wetland Program Plan (WPP) (Appendix 1), approved by EPA Region 7 in March 2013. The 

proposed project addresses seven of the planned activities to implement the WPP during the next 

three to five years. All four Core Elements are addressed in the WPP and this proposal addresses 

three of them: Voluntary Restoration, Monitoring and Assessment, Regulatory and Water 

Quality Standards for Wetlands. The relevant WPP goals and associated planned activities along 

with the relationship to the EPA Core Elements are discussed below.  Page numbers refer to the 

WPP. 

 WPP GOAL 1. Increase the knowledge base about Kansas’ wetland systems through 

surveying, monitoring, research and assessment to establish wetland condition, identify trends, 

and the causes and sources affecting wetland change. (EPA M&A Core Element) Action 1:  

Utilize potential wetland area locations in WRAPS watersheds to achieve TMDL and other 

WRAPS goals; direct resources to priority areas (p.6). Action 2:  Establish baseline condition of 

public and private wetlands (p.7). WPP GOAL 2. Promote public awareness about the value and 

importance of wetlands through coordinated programs of education and information (EPA 

Voluntary Restoration Core Element). Action 1: Provide technical and financial assistance to 

private landowners for protection, enhancing or restoring wetlands (p.3). Action 2:  Attain no net 

loss of remaining wetland resources considering acreage, function and value (p 3.).  Action 3:   

Support development of Best Management Practices to protect and restore wetlands (p.4).    

Action 4: Optimize sustainable and multipurpose uses of wetland areas (p.5).  WPP GOAL 3. 

Provide effective and responsible levels of protection and restoration of Kansas’ wetlands 

through continued implementation of the existing regulatory program (EPA Water Quality 
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Standards Core Element). Action 1: Continue to compile data from public and private wetlands 

to be available as reference data should the state decide to develop wetland specific water quality 

standards (p. 9).  

 The proposed project is phase two of CD 97743401 which monitored the efficacy of 

created wetlands in the watershed nutrient reduction.  This proposal will continue to use rigorous 

water sampling coupled with sediment samples from the wetlands and fields drained by tile 

outlet systems.  Crop data will also be collected as to planting, extent of ground cover and 

fertilizer application (nature, type and timing).  Results of this project will help with: improved 

designs of constructed wetlands for Tile Outlet Terrace (TOT) runoff – size and layout, enhance 

site selection of constructed wetlands and improve Best Management Practices (BMP) for 

constructed wetlands across the state.   

Description of Need. Kansas depends on voluntary participation by private citizens on private 

lands to protect existing, restore degraded, and develop new wetlands in areas that will support 

wetland functions. Because we rely on voluntary participation, landowners must recognize the 

value of wetlands to become motivated to protect, create and restore them. We have found that 

the most effective way to encourage participation in voluntary wetland programs is to connect 

them with other watershed improvement efforts, rather than promoting them as stand-alone 

activities.   

 Most of the land use in Kansas is for agricultural purposes. Agricultural best management 

practices (BMPs) and the federal and state cost-share programs associated with them have been 

widely utilized for many years. Recently, efforts have increased in promoting wetlands as a 

valuable agricultural BMP due to their ability to retain flood waters, attenuate runoff, transform 

nutrients, provide habitat and retain sediment. Over the years, cost-share funds have been used to 
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install many miles of terraces (TE) and grassed waterways (GW) and to reduce erosion from 

cropland and stabilize sloped areas.  GWs reduce nutrients because as the runoff water is 

concentrated from the TEs to the GWs, it flows through the grass on its way to an outlet and the 

vegetation slows the flow and traps sediment and nutrients. TEs and GWs require periodic 

maintenance to continue to function properly. Consequences of poor maintenance include 

development of gullies at the outlets of GWs and sediment build up in the bottom of TEs, 

negating their beneficial functions.  Recently, many landowners have been choosing to replace 

conventional TEs and GWs in need of maintenance with TOTs because they require less 

maintenance and the land that was used for the GW can then be cultivated.  

 TOTs consist of TE systems augmented with underground plastic pipe or tile water 

outlets. Small basins around outlets allow for most sediment to settle out. TOT systems have a 

high initial cost and they also require periodic maintenance. They do not utilize GWs and do not 

filter nutrients so dissolved nutrients can be much higher coming from TOTs than that coming 

from GWs they replace. This concerns state resource agencies because many of our streams and 

lakes have TMDLs established for nutrients and eutrophication. Harmful algae blooms (HABs) 

are becoming more prevalent in lakes and reservoirs, affecting drinking water quality and 

recreational opportunities.  The cumulative impact of removal of GWs and the resultant increase 

in nutrient loads will exacerbate the problem at a time when we are trying to achieve TMDL 

goals, reduce HABs and implement the Kansas Nutrient Reduction Plan.     

 We recognize the value of the occurrence of wetlands located in appropriate areas across 

the landscape.  Through leadership of a Watershed Restoration and Protection Strategy (WRAPS) 

project above Clinton Reservoir, a public water supply for over 100,000 Kansas citizens, and to 

improve the quality of runoff from TOTs recently installed in the Clinton Reservoir watershed 



5 
 

that has both sedimentation and eutrophication TMDLs, three wetlands have been created below 

the TOTs, on lands where owners are willing to add this practice into the cost-shared project 

(Appendix 2). The wetlands detain runoff water and allow wetland vegetation to transform and 

remove nutrients.  This is a beneficial pairing of BMPs and, if widely adopted, allows for 

wetlands to be created in targeted locations across the landscape, benefiting sediment and 

nutrient reduction, flood management and streambank erosion while providing additional 

wetland habitat. Results from a WPDG completed last year (CD#97714501) show that wetlands 

on private lands have good potential to transform nutrients, provide flood attenuation and reduce 

sediment and toxicants. 

 Our challenge in increasing the number of these systems is that cost-share programs 

generally require a financial match by the landowner. While the landowner readily recognizes 

the benefit of TOTs and is willing to make the cost-share investment to install them, the benefits 

of wetlands at the outlet are less visible, do not result in increased land available for cultivation 

and may actually reduce that land availability. It is difficult to convince many landowners to 

allow creation of a wetland in association with TOTs because they have to pay additional costs 

associated with the wetland design and installation while the benefits are less obvious, and the 

initial cost of TOTs is higher than many other BMPs.   

To provide evidence on nutrient reduction from TOT systems using constructed wetlands, 

three wetlands receiving TOT runoff were monitored during the 2014 and 2015 growing seasons 

to determine their impact on runoff water quality, specifically nitrogen, phosphorus and 

suspended solids. The results of this monitoring showed that observable reductions in all three 

constituents, but significant variation in their effectiveness over time. This variation is due both 

to land use effects (crop, extent of cover, fertilizer application, etc.) and to wetland hydrology 
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and design. To better understand the impact of these wetlands and their long-term potential for 

nutrient and sediment removal and sequestration, it is necessary both to obtain additional data on 

their performance over a greater range of conditions and to develop models that relate their water 

quality performance to hydraulic conditions. 

Funds from this grant will be used to further monitor the inflow and outflow of the three 

existing TOT/wetland systems and obtain data on wetland performance over two additional 

growing seasons. Significantly, this additional data should capture the full rotation of crop 

plantings (between soybeans, corn and occasional winter wheat) typical of this area. We will 

additionally collect stream water quality data at one wetland site to better understand the impact 

of this nutrient removal on surface water quality. We will further generalize these results through 

the development of a hydrologic model to estimate wetland storage volume and runoff retention 

on a seasonal basis, accounting for evaporation and, if significant, ground water infiltration. This 

hydrologic model will be combined with our results on suspended solid, nitrogen and phosphorus 

loadings into and out of the wetland during discrete storm events to develop estimates of yearly 

nutrient and TSS removal for the studied wetlands. Finally, we will collect watershed land-use 

data and use it to provide an estimate of the potential impact that additional wetland treatment of 

tile outlet runoff could have on sediment and nutrient loadings in this watershed.      

The existing wetlands have been installed according the NRCS specifications (Practice Code 

658). If our results show that the wetlands are generally effective, we would achieve two goals:  

reducing nutrient loads and increasing quality wetland acres on the landscape. If results show 

less effective performance, the wetland model developed for this project could be used to re-

evaluate the wetland design to make them more effective in future installations. Knowledge 
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gained from this evaluation will help in ensuring that future created wetlands are fully functional 

and have the ability to enhance watersheds to their highest potential.   

Outputs, Outcomes, Results.  Outputs: 1) statistical analysis of water quality data collected to 

evaluate the efficacy of wetlands created at the outlet of TOTs in transforming and reducing 

nutrients; 2) analysis of supporting data collected from wetland sediments and upland soils to 

better estimate long-term removal of nutrients in these wetlands and 3) a model for estimating 

solids, nitrogen and phosphorus removal from influent TOT runoff based on wetland hydrologic 

parameters and adjustable precipitation scenarios, validated using collected field data. This will 

provide relevant knowledge about the effectiveness of current wetland creation design criteria. 

This work will also result in expansion of our database of water quality information on private 

wetlands that will assist in developing wetland specific water quality standards should the state 

decide to do this in the future. Outcomes: The desired outcome is demonstration of the 

effectiveness of created wetlands to reduce nutrient loadings from agricultural fields with TOTs 

over an extended period of time. If this is realized, we will work with NRCS and DoC to modify 

their programs to pair TOTs and created wetlands into one management practice. Long term, this 

will accomplish several objectives in the WPP: Increases in wetland acreage due to the increased 

interest in installing TOTs, private landowner education about the value of wetlands, progress in 

achieving watershed based TMDLs and implementation of the Kansas Nutrient Reduction Plan. 

An additional outcome may be information on how to modify NRCS designs for created 

wetlands to increase their functionality in this area and the writing of improved Best 

Management Practices for siting, constructing and operating constructed wetlands to improve 

TOT runoff quality.  
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Link to EPA Strategic Plan. Collectively, the core elements, goals, actions and planned 

activities described in the Program Priorities section support EPA Strategic Plan Goal 2: 

Protecting America’s Waters, Objective 2.2 Protect and Restore Watersheds and Aquatic 

Ecosystems, Increase Wetlands. Our goal is to focus wetland protection, restoration and 

management activities on watershed needs and characteristics including TMDLs, habitat, 

sediment and nutrient cycling and potential mitigation siting, among other factors. We recognize 

that wetlands must be protected within the context of healthy watersheds. We accomplish this by 

leveraging watershed programs and projects to work towards comprehensive wetland and 

watershed management. We strive to achieve several objectives when implementing wetland 

projects, including provision of safe drinking water, enhancement of aquatic ecosystems, 

increase in acres of wetlands, and improvement of wetland function.  

 With successful demonstration of the effectiveness of wetlands in reducing nutrients in 

agricultural runoff, watershed restoration will result due to more wetland acres being created in 

strategic locations, better water quality in watersheds, progress in achieving TMDLs, improved 

flood management, increased and improved aquatic habitat and additional protection of drinking 

water supplies. Our highest priority TMDLs are in watersheds that drain directly into drinking 

water reservoirs. Available BMP funding is targeted to these areas first. Successful coupling of 

TOTs with wetlands targeted to high priority areas will increase the overall benefit of both 

BMPs. Because we are dependent on voluntary efforts to protect and restore wetlands, it is 

imperative that we effectively utilize tools available to us to promote wetland benefits. By 

coupling these two BMPs, one already popular (TOTs), and one harder to sell on a voluntary 

basis (wetlands), we will be able to amplify and enhance our resulting watershed improvements.   
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 We will measure and track progress in achieving these outputs and outcomes as we 

continue to implement our WPP over the next three to five years and into the future as the WPP 

is revised to cover additional time frames. We will continue to track the number of TOT/wetland 

systems installed as we know they are improving water quality. 

PARTNERSHIP INFORMATION. The Division of Conservation (DoC), Kansas Department 

of Agriculture is the primary partner in this project with special interest in monitoring the 

influence of treated effluent on surface water quality during different sized storm/runoff events.  

Kansas Department of Health and Environment (KDHE) WRAPS groups are interested in 

utilizing constructed wetland below the tile outlet terrace system to reduce runoff which could 

improve efficiency of this BMP.  Kansas Natural Resource Council (KNRC) believes that 

knowledge gained from this project could be applied across the state to improve water quality.  

Kansas Department of Wildlife, Parks and Tourism (KDWPT) has a vested interest in wetlands 

and in particular on these wetlands maintaining or enhancing the biodiversity of vertebrate and 

invertebrate populations across Kansas.  Kansas Alliance for Wetlands and Streams (KAWS) is 

very interested in the findings from this grant to reduce transport of sediment and nutrients from 

cropland especially in the Upper Wakarusa watershed.  Letters of support reflecting the 

partnerships described in this section are provided in (Appendix 3).  

PROJECT 1.  PROJECT TASKS, BUDGET NARRATIVE AND MILESTONE 

SCHEDULE. P=personnel, E=equipment, S=supplies, T=travel. 

Note: Budget amounts include direct costs only. All State Match amounts listed are personnel in-

kind match.  
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Goal 1. Establish Field Sampling Plans and Methods 

Action 1. Develop plan for equipment installation and sampling of storm events. Oct.-Dec. 2016. 

Total Federal: $2,295 (P: $2,295) State Match: $4,553   

Action 2. Obtain Data on Planned Crop Plantings and fertilizer applications Oct.-Dec. 2016. 

Total Federal: $1290 (P $1,290) State Match:  $3,802   

Action 3. Prepare samplers and sensors for deployment. Jan-March, 2017. 

 Total Federal $4,310 (P $3,310, S $1,000) State Match: $1,032      

Action 4. Train Graduate Students on analytic test and sampling procedures Jan-March, 2017. 

Total Federal $5,464 (P $4,464, S $500) State Match: $3,224 

Goal 2. Collect and analyze runoff samples from the field sites 

Action 1. Deploy samplers when risk of frost is minimal March-May, 2017.  

Total Federal $500 (S $500) State Match: 0  

Action 2. Collect and analyze samples during season 1 April-Nov, 2017.   

Total Federal: $34,987 (P $27,987 S $7,000) State Match: $1,055  

Action 3. Evaluate season one data and adjust sampling plan for season two, as needed Nov 

2017- March, 2018. Total Federal: $2,840 (P $2,840) State Match: 0 

Action 4.  Remove and maintain equipment (clean, repair, recalibrate) Nov 2017-March, 2018. 

Total Federal $3,340 (P $2,840 S $500) State Match: 0   

Action 5. Deploy samplers when risk of frost is minimal (season 2). March –May, 2018. 

Total Federal $500 (S $500) State Match: 0   

Action 6. Collect and analyze samples during season 2. April- Sept, 2018. 

Total Federal $22,041 (P $15,041 S $7000) State Match: 0   

Action 7. Perform statistical analysis on collected data. July- Sept, 2018. 
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Total Federal $2,840 (P $2,840) State Match: 0  

Goal 3.  Collect soil and sediment data to supplement runoff results for nutrient transport 

and reaction 

Action 1. Collect and analyze sediment samples from different locations within wetlands (2 

rounds) Apr.–Nov. 2017. 

Total Federal: $17,503 (P $13,503, S $4000) State Match: $2,814   

Action 2. Collect and analyze soil samples from terraces and near tile inlets, outside of growing 

season to minimize disruption. Nov 2017- March, 2018. 

Total Federal: $5,340 (P $2,840, S $2,000) State Match: $2,110   

Action 3. Collect and analyze additional sediments samples from wetlands, based on results of 

first year sampling. April- Sept., 2018. 

Total Federal: $5,340 (P $2,840, S $2,500) State Match: 0  

Action 4. Perform statistical analysis on collected data, July- Sept., 2018. 

Total Federal: $2,840 (P $2,840) State Match: 0  

Goal 4.  Develop hydrologic model for study wetlands 

Action 1. Develop hydrologic model for first wetland based on existing data. Oct. 2017- March, 

2018. Total Federal $13,836 (P $13,836) State Match: $1,563   

Action 2. Validate wetland model using 2017 precipitation and runoff data. May- Nov., 2017. 

Total Federal $9,929 (P $9,929) State Match: $3,908   

Action 3. Develop models for additional wetlands. Nov. 2017- March, 2018. 

Total Federal $2,512 (P $2,512) State Match: $1,641  

Action 4. Validate models using season 2 precipitation and runoff data.  April – Sept., 2018 

Total Federal $2,512 (P $2,512) State Match: $1,641   
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Goal 5.  Use hydrologic model to estimate nutrient and TSS removal under different 

scenarios. 

Action 1. Develop precipitation and runoff scenarios for each site from historical rainfall data 

and site runoff calculations. Oct. 2016- April, 2017. 

Total Federal $7,217 (P $7,217) State Match: $1,563 

Action 2. Using the model for wetland 1, assess TSS and nutrient removal as a function of 

wetland hydrologic parameters. May- Aug., 2017. 

Total Federal $4,565 (P $4,565) State Match: $3,907   

Action 3. Calculate estimated TSS and nutrient removal amounts under different precipitation 

scenarios for wetland 1. Sept. 2017- March, 2018. 

Total Federal $2,512 (P $2,512) State Match: $1,641   

Action 4. Develop TSS and nutrient removal calculations for additional wetland models. May-

Sept, 2018. Total Federal $2,512 (P $2,512) State Match: $1,641  

Goal 6.  Estimate the impact of additional wetlands on sediment and nutrient loadings in 

the local watershed 

Action 1. Collect watershed land-use and associated data. April-Oct, 2017. 

Total Federal $6,324 (P $6,324) State Match: $4,075  

Action 2. Assessment of additional wetland placement within watershed and impacts on nutrient 

and sediment retention. Nov 2017- June, 2018. Total Federal $2,512 (P $2,512) State Match: 

$2,110  

Goal 7. Make recommendations for future wetland design and management practices 
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Action 1. Develop guidelines for wetland design based on modeling and experimental results. 

June- Aug, 2018. Total Federal $1,420 (P $1,420) State Match: $1,354  

Action 2. Complete analysis of experimental results for nutrient retention and transformation 

within wetlands. July- Sept, 2018. Total Federal $1,420 (P $1,420) State Match: $1,354  

Action 3. Estimate impact of additional wetlands on nutrient and sediment transport within 

watershed. July-Sept, 2018. Total Federal $1,256 (P $1,256) State Match: $1,354  

Goal 8. Project Administration 

Action 1. Write QAPP.  Oct-Dec, 2016.   

Total Federal $1,290 (P $1,290) State Match: $0  

Action 2. Write Quarterly Reports. Throughout project.  

Total Federal $1,290 State Match: $11,644  

Action 3. Write Final Report. July-Sept., 2018.  

Total Federal $1,420 (P $1,420) State Match: $4,403  

Goal 9. Project Coordination and adaptive management efforts 

Action 1. Meet annually with project officers.  June 2017 and June 2018. 

 Total Federal $0 State Match: $1,698  

Action 2. Seek suggestion from project improvement from other experts 

Total Federal $0 State Match: $645  
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Budget  

      
Federal   State  Total 

      

Personnel Staff Time   0 10,000   

  Total Personnel   0 10,000 10,000 

Travel     0 0   

  Total Travel   0 0 0 

Equipment     0 0   

  Total Equipment   0 0 0 

Supplies     0 0   

  Total Supplies   0 0 0 

Contractual Contractual/ Sub Award   248,767 82,922   

  Total Contractual   248,767 92,922 341,689 

Federal Direct     248,767 92,922 341,689 

Federal Indirect     32,837   32,837 

Total Federal   % of total project costs 75.0% 281,604     

Total State Match % of total project costs 25.0%   92,922   

TOTAL PROJECT COST     281,604 92,922 374,526 

 

 

 

PROGRAMMATIC CAPABILITY/TECHNICAL EXPERIENCE/QUALIFICATIONS. 

As described in Past Performance below, KWO staff has successfully managed several WPDGs. 

All project personnel are well qualified to perform the activities described above.  Much of the 

work will be contracted to University of Kansas researchers and faculty who are highly qualified 

to complete the work described.  Please see resumes in Appendix 4.  

TRANSFER OF RESULTS.  Several KWO staff routinely attend WRAPS meetings and these 

present numerous opportunities for transfer of results. We will be on the agenda of the annual 

statewide WRAPS conference to present the results. We will discuss results with the NRCS and 

DoC personnel as they become available and will work with them to modify their programs to 

pair TOTs with wetlands.  Other opportunities will be utilized as they are identified.  
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PAST PERFORMANCE. KWO has received multiple EPA WPDG grants over the past several 

years with timely submission of quarterly reports and completion of grants.  Currently KWO is 

managing three different grants or five Projects: CD 97743401 which has two projects - Playa 

Lake Mapping and Evaluation of the Effectiveness of Wetlands in Nutrient Reduction (both are 

near completion), CD 97746601 also had two projects – Conversion of existing farm ponds to 

wetlands and Investigation of Playa Lake recharge in the Ogallala aquifer and CD 97751901 

which is Development of Wetlands in Aging Reservoirs.     

QA/QC. A Quality Assurance Project Plan will be prepared during the first three months of this 

project and submitted to EPA Region 7 for approval before sampling/analysis begins.  

INVASIVE SPECIES CONTROL. We will follow Kansas Department of Wildlife, Parks and 

Tourism protocols to prevent the spread of invasive species. Appendix 5. 


