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Wednesday, August 31 

Concurrent Session Descriptions and Agenda 

History of Subsurface Drainage Systems and Drainage Research in Iowa  

 

Track: Management of Drainage Systems 

 

Location: Cedar Rapids on 3rd Floor 

 

Time: 10:30 AM – 12:00 PM 

 

Authors: Stu Melvin (Iowa State University); James  Baker (Iowa State University); Matthew 

Helmers (Iowa State University); Michelle  Soupir (Iowa State University); Daniel Andersen (Iowa 

State University); Rameshwar Kanwar (Iowa State University)* 

 

Agricultural drainage became an issue in the 1800s when settlers begin to arrive at the top of the 

state’s many river valleys, especially glaciated prairies of north-central and northwestern Iowa. As 

soon as the settlers were settled, and farming started in the 1870s and 1880s requiring drainage. 

Agricultural drainage in Iowa took a major step forward in 1904, when state legislation provided a 

mechanism for the formation of drainage districts where farmers could drain their own lands but 

needed to manage drained water with the cooperation of their neighbors. Therefore, much of the 

subsurface drainage systems were first installed on a large scale in Iowa beginning 1905 and the 

demand for subsurface drainage increased rapidly resulting in adding more than 12.1 million ha 

to the tillable area of the Midwest of the United States and increased production on another 16.2 

million ha. With increasing drainage activity, drainage research began at Iowa State University and 

other universities in the Midwest. With today's agricultural investments in fertilizer, chemicals, 

seeds, etc., subsurface water management has almost become a necessity. Drainage contractors 

have used two main methods for the installation of subsurface drains. One method was the 

trench method, in which an open ditch of proper depth was dug with a high-speed chain or wheel 

trencher and the drain pipe was laid on the floor of the trench. The second method is a trenchless 

drain plow (plow-in) method, whereby a tunnel is made in the ground by a plow at a prescribed 

depth without soil excavation, and the tubing is placed in the tunnel. One of the questions that 

has concerned farmers is the effectiveness of a plastic drain installed for water quality 

management. This paper will present the history of drainage practices and drainage research in 

Iowa, and ideas on the future of drainage for midwestern soils of the USA. 

 

*Denotes primary author 
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Supporting Drainage Authorities and Maintaining Drainage Systems by Applying  Multi-

Disciplinary Resources  

 

Track: Management of Drainage Systems 

 

Location: Cedar Rapids on 3rd Floor 

 

Time: 10:30 AM – 12:00 PM 

 

Authors: Chuck Brandel (ISG)* 

 

Much of the southern Minnesota and northern Iowa farmland is only productive when drained by 

a tile and/or an open ditch. For these lands to remain productive, active management of their 

drainage systems is imperative. Working with numerous Iowa and Minnesota drainage authorities, 

ISG will present our combination of responsive service and leading-edge technology to evaluate, 

maintain, and plan for timely drainage system repairs of open ditches and tile systems. 

 

Open ditch systems need to be maintained by active brush management programs and cleanout 

of sediment on a 30-to-40-year cycle. In addition, many of the drainage district tile mains are over 

100 years old and failing in a variety of ways, including sediment infiltration, pipe collapse, and 

joint failure. To evaluate the condition of functioning tiles, troubleshoot tile main failures, and 

measure sediment, joint gaps, and pipe grade lines, ISG uses a pipe crawler to determine the 

condition and functionality of a tile main. Above ground, ISG’s in-house drone pilots capture 

footage of ditch system conditions to aid engineers in analyzing needed repairs, while Geographic 

Information Systems (GIS) mapping generates condition maps and interactive base maps to track 

and document active drainage repairs for future reference and planning. 

 

Beyond technology, ISG assists clients with a variety of routine maintenance services, including 

ongoing brush and tree management plans, hydraulic analysis of public road and private 

crossings of culverts or bridges, storm damage evaluations and FEMA funding applications, and 

repair evaluations of surface and tile extension pipes. Through regular evaluation and responsive 

action, small issues can be addressed before turning into costly repairs. Through a multi-

disciplinary approach to service delivery, ISG supports the health of drainage systems and the 

future of Minnesota and Iowa agriculture. 

 

*Denotes primary author 

 

 

 

 

 

 

 



6 

 

Water Dynamics of Managed and Unmanaged Agricultural Drainage Ditches in a Cold 

Climate  

 

Track: Management of Drainage Systems 

 

Location: Cedar Rapids on 3rd Floor 

 

Time: 10:30 AM – 12:00 PM 

 

Authors: Jeffrey Strock (University of Minnesota)*; Andry Z Ranaivoson (University of Minnesota); 

Satoshi Ishii (University of Minnesota); Jared Trost (USGS); Hao Wang (University of Minnesota) 

 

In order to improve productivity, extensive agricultural areas in the Midwest require drainage 

systems consisting of subsurface drainage (tile) and open ditches. These drainage systems are 

known to transport nutrients and sediment to streams and rivers. The objectives of this research 

were characterize annual and seasonal ditch flow, measure hydraulic residence time for ditch 

systems with and without low-grade-weirs, and measure whether there was evidence of surface 

water-groundwater interactions occurring within managed ditch channels. The site included a pair 

of 180 m long drainage ditch channels, one unmanaged the other managed near the outlet with a 

low-grade weir. During July 2020, a ditch bank temperature profiling survey was conduct within 

each ditch channel. Results from a temperature survey suggested that there were reaches within 

each channel that behaved as though the channels were gaining water from shallow groundwater 

and reaches where the channels were either stable or losing water to shallow groundwater. 

Results from conservative tracer tests under moderate-flow conditions indicated that the 

residence time of water in the unmanaged channel was less than one hour whereas it was about 

five hours in the channel managed with a low-grade weir. Results indicated that ditch flow is highly 

variable and dependent on soil moisture along with snowmelt and precipitation runoff. Minimally 

invasive ditch management has the potential to increase temporary water storage on the 

landscape without impacting drainage system performance. 

 

*Denotes primary author 
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Design and Construction of a Large Drainage Ditch Pumping Station  

 

Track: Management of Drainage Systems 

 

Location: Cedar Rapids on 3rd Floor 

 

Time: 10:30 AM – 12:00 PM 

 

Authors: Chuck Brandel (ISG)* 

 

County Ditch (CD) 86A, located in Nicollet County of southwest Minnesota, comprises an open 

drainageway that discharges 4,263 acres (1,725 ha) of primarily drained agricultural land to Swan 

Lake. Under normal conditions, CD 86A flows by gravity to Swan Lake. However, during large 

storm events, Swan Lake water levels rise above the water level of Ditch 86A, preventing drainage 

of the watershed. This causes backups into drainage tile systems and agricultural fields. To 

alleviate this large storm event impact, a low head pumping station was constructed many years 

ago to lift stormwater to a higher elevation so it will drain by gravity to Swan Lake. The pump 

station had deteriorated significantly, and the pumps were no longer able to provide the 

necessary pumping capacity. 

 

This project included replacement of the old, deteriorating pump station with a new, state-of-the-

art high-capacity pump station. The pump station is capable of pumping over 90,000 gallons per 

minute (5678 l/s) using two 335 hp, low head axial flow pumps and one submersible centrifugal 

jockey pump. Design challenges included pump station design that directed non-turbulent flow to 

the large axial flow submersible pumps. This required three-dimensional flow analysis modeling 

using computational fluid dynamics software completed by the pump manufacturer. The CFD 

analysis was used to refine the pump station inlet and formed suction intake design. Construction 

challenges included dewatering and bypass pumping during construction among others. This 

presentation will discuss both design and construction aspects of this large pump station project 

and will provide important lessons learned during design and construction. 

 

*Denotes primary author 
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Assessing the Design Criteria of Saturated Buffers  

 

Track: Water Quality and Drainage - Saturated Buffers and Hybrid Projects 

 

Location: Council Bluffs on 3rd Floor 

 

Time: 10:30 AM – 12:00 PM 

 

Authors: Yousef Abdalaal (Michigan State University)*; Ehsan Ghane (Michigan State University) 

 

Saturated buffers system (SB) is a relatively new edge-of-field conservation drainage practice that 

showed its effectiveness to remove nitrate loadings from artificially drained agricultural fields. 

Published studies showed that the effectiveness of the SB systems to reduce nitrate loading vary 

from one site to another, regardless of having the same design criteria. An assessment of the 

available design criteria for SB is needed to identify the best design criteria and maximize the 

performance of the designed systems. To our best knowledge, there are currently two available 

design-criteria for SB systems to estimate the optimum width. In addition, a new site-specific 

design criterion for SB was proposed and was included in this assessment study. 3 years of 

collected data from multiple field sites in Lenawee County, MI were used to obtain a SB design for 

each design criteria at each of three sites. The assessment was conducted by applying an identical 

method to estimate the nitrate load removal that would occur from using the hypothetical SB 

systems of each of the three design criteria. This study would point out the characteristics of each 

of the SB design criteria. The study will also identify some options to optimize the use of the 

considered design criteria to maximize the performance of saturated buffers systems. 

 

*Denotes primary author 
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Performance of Saturated Riparian Buffers In Iowa Across Eighteen Site-Years  

 

Track: Water Quality and Drainage - Saturated Buffers and Hybrid Projects 

 

Location: Council Bluffs on 3rd Floor 

 

Time: 10:30 AM – 12:00 PM 

 

Authors: Gabriel M Johnson (Iowa State University)*; Thomas Isenhart (Iowa State University); Dan 

Jaynes (USDA-ARS) 

 

Saturated riparian buffers reroute subsurface tile drainage as shallow groundwater flow along 

streambanks to remove excess nitrate-nitrogen, primarily via denitrification. This study analyzed 

the performance of six saturated buffers in Iowa from 2019 to 2021. Water levels were monitored 

in control structures using pressure transducers and used to calculate flow via calibrated weir 

equations. Water samples were taken in sampling wells, control structures, and streams 

approximately bi-weekly or monthly when tile flow occurred. Nitrate load was calculated by 

multiplying the nitrate concentration by the cumulative flow between sampling dates. Nitrate 

removal in the buffer was assessed as the difference in concentrations between the control 

structure and wells closest to the stream. Total removal performance of the buffers was determined 

by comparing the total nitrate load from the field and the amount removed in the buffer. At the 

time of abstract submission, removal of nitrate-nitrogen diverted to the buffers ranged from 59 to 

99%, while removal of total nitrate-nitrogen load ranged from 11 to 76% across all site-years. Further 

expected results include analysis of nitrate removal rate normalized for buffer length and drainage 

area. These results reiterate the findings of prior studies that saturated buffers are highly effective 

at removing nitrate in diverted water, but their overall effectiveness can be limited by high bypass 

flow. 

 

*Denotes primary author 
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Integrating Drainage Improvements and Wetland Restoration in Iowa: Environmental 

Impacts of Improved Drainage and Targeted Wetland Restoration  

 

Track: Water Quality and Drainage - Saturated Buffers and Hybrid Projects 

 

Location: Council Bluffs on 3rd Floor 

 

Time: 10:30 AM – 12:00 PM 

 

Authors: William G Crumpton (Iowa State University)*; Matthew Helmers (Iowa State University) 

 

The state of Iowa has adopted a strategy to reduce nonpoint source nitrogen loads to surface 

waters by 41%. This statewide strategy will employ a wide range of in-field and off-field practices, 

including restoring thousands of wetlands targeted to intercept and reduce nitrate loads from 

millions of acres of tile-drained cropland. Over 100 such wetlands have been restored under the 

Iowa Conservation Enhancement Program, successfully reducing nitrate loads from over 100,000 

acres of cropland. Wetlands can be retrofitted at multiple locations within or below drainage 

networks, and these opportunities are being implemented at an increasing pace in Iowa. At the 

same time, much of Iowa’s aging drainage infrastructure will be rebuilt over the next 10-20 years, 

raising some concern over the impacts of drainage improvement projects on future water and 

nutrient loads. However, these projects also provide opportunities for integrating wetlands in 

redesigned drainage systems. Over the past decade, we have used a series of treatment and 

reference systems to evaluate the impacts of integrating wetlands as part of drainage district 

upgrades including (1) the impacts of drainage improvements on crop production, (2) the impacts 

of the drainage improvements on N and P export, and (3) the effectiveness of the integrated 

wetlands at reducing N and P loads to downstream waters. Our results show that nutrient 

concentrations and mass loads from the improved drainage systems were no higher than those 

from unmodified reference systems, suggesting that drainage improvements did not increase N or 

P export. Results also demonstrate that the integrated wetlands were effective at substantially 

reducing nitrate and total N loads from the drainage systems. In the case of the five improved 

drainage systems studied, wetlands reduced N loads by about 30%, which is equivalent to retiring 

about 2700 acres of cropland. 

 

*Denotes primary author 
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Hybrid Drainage Practices to Improve Water Quality  

 

Track: Water Quality and Drainage - Saturated Buffers and Hybrid Projects 

 

Location: Council Bluffs on 3rd Floor 

 

Time: 10:30 AM – 12:00 PM 

 

Authors: Chuck Brandel (ISG)* 

 

Iowa is home to some of the most productive farmland in the world, largely due to the proactive 

approach to drainage management. Drainage district facilities ensure productive acreage by 

artificially lowering the water table. As drainage district systems age and repairs become essential, 

landowners have demonstrated interest in incorporating water quality practices to offset costly 

infrastructure repairs and improvements. The result is improved water quality, retirement of less 

productive acres, and enhanced drainage district infrastructure. 

 

This presentation highlights the cooperation between drainage district landowners, the Iowa 

Department of Agriculture and Land Stewardship, Iowa Finance Authority, Iowa Department of 

Natural Resources, County Engineers, and County Boards of Supervisors as Drainage Trustees to 

improve drainage district facilities while incorporating water quality components. Three different 

project case studies demonstrate methods for completing drainage district projects that integrate 

wetland components, edge-of-field practices, and other conservation drainage practices—

providing water quality, drainage, and productivity benefits to landowners. Hybrid drainage 

improvement and water quality projects can be a win-win for all stakeholders and serve as a 

template for upgrading aging drainage infrastructure. 

 

*Denotes primary author 
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Achieving Multipurpose Water Management Goals by Balancing Tried and True Practices 

with New Techniques  

 

Track: Edge-of-Field and Other Conservation Drainage Practices for Water Quality - Innovation 

 

Location: Davenport on 3rd Floor 

 

Time: 10:30 AM – 12:00 PM 

 

Authors: Chuck Brandel (ISG)* 

 

ISG understands the importance of agricultural drainage and the ever-changing concerns 

surrounding water quality, regulations, and environmental impacts. In the Midwest, most 

agricultural drainage systems are over 100 years old, in poor or failing condition, and are not 

designed to support current rainfall and drainage demands. Focusing on improving and protecting 

downstream water quality from the impacts of agricultural drainage, ISG uses the multi-drainage 

management (MDM) process to examine the overall hydraulic efficiencies of drainage systems. 

This process, combined with agricultural best management practices such as wetlands, storage 

ponds, sediment basins, and edge-of-field practices, bolsters the storage and quality of surface 

and subsurface drainage waters. 

 

ISG applies nearly 50 years of drainage experience throughout southern Minnesota and northern 

Iowa, state-of-the-art modeling software, and innovative technology such as LiDAR drone, 

HydroDrone, and pipe crawler, to positively influence environmental outcomes through effective 

MDM systems. Our expert water resource engineers have facilitated the construction of more 

than 100 MDM systems, including 25 storage ponds, 15 constructed/treatment wetlands, 30 edge-

of-field practices, and 10 wetland restorations. In collaboration with multiple groups such as Iowa 

State University, Minnesota State University, Mankato, University of Minnesota -Twin Cities, and 

other research organizations, ISG is monitoring the overall performance of these MDM systems to 

improve water quality. 

 

*Denotes primary author 
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Incorporating a Hybrid Drainage and Wetland Design Project System into Engineering 

Teaching  

 

Track: Edge-of-Field and Other Conservation Drainage Practices for Water Quality - Innovation 

 

Location: Davenport on 3rd Floor 

 

Time: 10:30 AM – 12:00 PM 

 

Authors: Xinhua Jia (North Dakota State University)* 

 

Drainage and Wetland Engineering (ABEN 484/684) has been taught at the North Dakota State 

University from 2010 to 2020 and gained a lot of popularity. The course includes topics on 

drainage and wetland engineering principles, design, water quality, and modeling. For the course 

assessment, beside homework, quizzes, and exams, students are required to design two systems, 

one on drainage and the other on wetland. Over the years, the design projects have experienced a 

lot of changes though the requirement for the projects have not been changed and the course 

objectives stayed the same. Instead, the projects were structured differently, from a complicated 

real-world design project to a hybrid design project that has a real-world location and situation, 

but a simplified design objective. In this way, students were able to gain hands-on design 

experience without facing intensive data collection, soil and water sample analysis, and field visits. 

The design project was structured with clear milestones, such as brainstorm design alternatives, 

regular meetings with minutes, draft report, presentation and questions and answers, external 

and internal reviews, and final report. In this paper, the development of this hybrid design project 

for an engineering course will be recapped and future improvement will also be recommended. 

 

*Denotes primary author 
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The Impact of Drainage Water Recycling on Reduction of Nitrogen, Phosphorous, and 

Sediment Losses from a Drained Agricultural Field in Eastern North Carolina  

 

Track: Edge-of-Field and Other Conservation Drainage Practices for Water Quality - Innovation 

 

Location: Davenport on 3rd Floor 

 

Time: 10:30 AM – 12:00 PM 

 

Authors: Hossam Moursi (North Carolina State University)*; Mohamed Youssef (North Carolina 

State University); Chad A Poole (NC State University); George Chescheir (North Carolina State 

University); Celso Castro-Bolinaga (North Carolina State University); Robert Richardson (North 

Carolina State University) 

 

An experimental study was conducted to evaluate the effect of Drainage water recycling (DWR) on 

reducing nitrogen, phosphorous, and sediment loadings from agricultural fields to downstream 

surface water bodies for a research site in eastern North Carolina using two years of data (May 

2019-April 2021). Two treatments were implemented at the study site: DWR treatment and control 

treatment (CT). A reservoir existed between the two treatments was used to store subsurface 

drainage and surface runoff water from the field during wet periods, and provide supplemental 

irrigation to the DWR treatment during dry periods. On average, the reservoir retained 14% of 

received inflow, with a higher flow reduction in the dry year (2019-2020; 29%) than the wet year 

(2020-2021; 8%). The reservoir significantly reduced nitrate-nitrogen (NO3-N), ammonium-

nitrogen (NH4-N), and total nitrogen (TN) concentrations by 1.48 mg L-1 (53%), 0.10 mg L-1 (51%), 

and 1.47 mg L-1 (40%), respectively. The mass loadings of NO3-N, NH4-N, and TN were reduced by 

59%, 56%, and 47%, respectively. Orthophosphate (Ortho-P) concentration was significantly 

reduced by 0.07 mg L-1 (46%), while total phosphorous (TP) concentration reduction was not 

significant. In contrast, particulate phosphorous (PP) concentration in the reservoir outflow was 

higher than that in the inflow by 0.02 mg L-1. The mass loadings of Ortho-P and TP were reduced 

by 52% and 30%, respectively. Sediment concentration was significantly reduced by 273 mg L-1 

(86%) and the sediment loading was also reduced by 87%. Results suggested that the removal 

efficiency of the reservoir would be highest during the summer and early fall months when the 

reservoir has a relatively smaller water volume, due to irrigation withdrawal and warmer 

temperature. In addition, the expected water quality benefits from the DWR systems would be 

highly correlated with the crop water requirements that affect the reservoir water storage. 

 

*Denotes primary author 
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Learning Curve: Collaboration on Drainage Innovation at Huronview Demo Farm, Clinton 

Ontario  

 

Track: Edge-of-Field and Other Conservation Drainage Practices for Water Quality - Innovation 

 

Location: Davenport on 3rd Floor 

 

Time: 10:30 AM – 12:00 PM 

 

Authors: Melisa Luymes (Land Improvement Contractors of Ontario)* 

 

Innovative drainage & monitoring systems were installed on the 47-acre Huronview Demo Farm 

near Clinton, ON in 2019 and the site in now used for studying several key drainage features: 1) 

quality & quantity of surface & subsurface flows from contoured-controlled drainage on a slope, 

compared with conventional drainage and un-drainage portions of the field, 2) broad-based 

terraces, 3) tile spacing and 4) tile-outlet wetlands. 

 

This project is also unique because the implementation and steering committee is a unique 

partnership of drainage, farm and environmental groups, the local county council and 

Conservation Authority, along with University researchers. 

 

This session will discuss the process of collaboration, project design and lessons learned from 

installation, along with preliminary results from the site. 

 

*Denotes primary author 
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Design and Construction of Corrugated HDPE and PP Pipe Agricultural Mains with Shaped 

Trench Bottoms  

 

Track: Drainage System Design, Installation, and/or Performance - Pipe Materials and Installation 

 

Location: Dubuque on 3rd Floor 

 

Time: 10:30 AM – 12:00 PM 

 

Authors: Joseph A Babcanec (Advanced Drainage Systems)*; Dan Currence (Plastics Pipe Institute) 

 

The current standard of practice for the installation of agricultural drainage mains is in accordance 

with American Society for Testing and Materials (ASTM) F449, "Standard Practice for Subsurface 

Installation of Corrugated Polyethylene Pipe for Agricultural Drainage or Water Table Control." 

Currently, the allowable maximum height of fill is limited unless an engineering analysis is 

performed. Recent research sponsored by the Plastics Pipe Institute evaluated 12"-60" corrugated 

HDPE and PP pipe, providing supporting documentation, engineering analysis, and field 

verification of ag main installations using shaped trench bottoms. This research will serve as a 

basis for updated industry fill height and installation recommendations, which can be referenced 

by owners, specifiers, and manufacturers. 

 

*Denotes primary author 
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Choice of Pipe Material Affects Drainage System Performance and Cost  

 

Track: Drainage System Design, Installation, and/or Performance - Pipe Materials and Installation 

 

Location: Dubuque on 3rd Floor 

 

Time: 10:30 AM – 12:00 PM 

 

Authors: Ehsan Ghane (Michigan State University)* 

 

A knitted-sock geotextile envelope is used in agricultural subsurface drainage to prevent sediment 

entry into the drain pipe. In the USA and Canada, a sand-slot pipe is used as a cheaper alternative 

to a sock-wrapped pipe. However, their drainage performance cost effectiveness for drainage 

design have not been evaluated. The main objective of this study was to compare the drainage 

performance and cost effectiveness of a sock-wrapped pipe with that of a sand-slot pipe. First, we 

quantified the effective radius of each pipe material in a sand-tank experiment. Then, we calculated 

the time for water-table drawdown, drain spacing, and initial system cost. The results showed that 

the effective radius of a sock-wrapped pipe (5.8 cm) was much greater than that of 4-row (0.4 cm) 

and 8-row sand-slot pipe (1.6 cm). Consequently, the sock-wrapped pipe lowered the water table 

from the soil surface to 30-cm depth, quicker than both sand-slot pipes. The quicker water table 

drawdown of the sock-wrapped pipe, allowed a wider drain spacing than both sand-slot pipes, 

thereby requiring a shorter total length of lateral drains in the drainage design. Even though the 

sock-wrapped pipe required a shorter total length of lateral drains, the 8-row perforated sand-slot 

pipe provided a clear economic advantage over the sock-wrapped pipe. In conclusion, the sock-

wrapped pipe lowered the water table more quickly than the sand-slot pipe, but the sand-slot pipe 

was more cost effective. 

 

*Denotes primary author 
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DRAINMOD Simulations in a Field with Asymmetrical Drainage System  

 

Track: Drainage System Design, Installation, and/or Performance - Pipe Materials and Installation 

 

Location: Dubuque on 3rd Floor 

 

Time: 10:30 AM – 12:00 PM 

 

Authors: Negar Sharifi-Mood*; Shiv Prasher; Ramesh Rudra; Tiequan Zhang 

 

Subsurface drainage is used in arable lands to optimize soil hydrology for crop production by 

lowering water table depth and improving soil aeration. In agricultural landscapes, a system of 

parallel laterals is used that would ideally have a uniform drain spacing. However, in cases where 

the spacing is asymmetrical, simulating the flow can be challenging and would require closer 

attention. We used DRAINMOD to simulate flow from an asymmetrical subsurface drainage 

system in Harrow, Ontario. Four different methods of evaluating drain spacing were used and 

compared. The methods are: 1) split drain spacing, 2) area weighted average drain spacing, 3) 

equivalent drain spacing and 4) average drain spacing. The results of this investigation will be 

presented in this study. 

 

*Denotes primary author 
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Shallow Drainage Furrow and Tile Water Management System Effects on Soil Water 

Conditions and Crop Yield In Eastern North Carolina  

 

Track: Drainage System Design, Installation, and/or Performance - Pipe Materials and Installation 

 

Location: Dubuque on 3rd Floor 

 

Time: 10:30 AM – 12:00 PM 

 

Authors: Mitchell L Watkins (North Carolina State University)*; Chad A Poole (NC State University) 

 

Field studies are being conducted in Bath, NC where a shallow furrow surface drainage system 

combined with a tile subsurface drainage and irrigation system are compared to a conventional 

deep ditch drainage system. Implementing the shallow furrow surface drainage designs will allow 

for tile drainage of larger areas to be controlled from one outlet point, less surface area being lost 

to the creation of large drainage ditches, and potentially improved water quality. 

 

An outlet structure at the end of the main tile drainage network allows for free drainage, 

controlled drainage, and sub-surface irrigation from one main outlet location. Precision surface 

grading combined with shallow surface furrows in place of traditional drainage ditches allows for 

rapid removal of ponded water after intense precipitation events during summer storms in 

Eastern North Carolina. This configuration allows excess surface water to be removed from the 

field during high intensity rainfall events and constant control of the removal of sub-surface water 

from a much large area than utilizing traditional flashboard systems in every ditch. In periods 

where drought conditions are occurring these shallow furrows will allow less intense drainage of 

the soil compared to conventional ditches and the tile lines can be blocked at one location to stop 

the flow of sub-surface drainage out of the tile lines. 

 

Results from this study can provide a new design for agriculture drainage in Eastern North 

Carolina that promotes water conservation and drainage water management by reducing the 

management costs of the system. The reduction in the number of necessary controlled drainage 

outlet structures will reduce the management demand on producers, lower the demand on the 

state cost share program, potentially enhance crop yields, and improve downstream water quality. 

 

*Denotes primary author 
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C.G. Elliott and the Rise of Specialized Drainage Knowledge in the Federal Government, 

1902-1914 

 

Track: Drainage Policy and Administration  

 

Location: Cedar Rapids on 3rd Floor 

 

Time: 1:30 PM – 3:00 PM 

 

Authors: Anthony Carlson (School of Advanced Military Studies)* 

 

C.G. Elliott was one of North America's pioneering agricultural drainage engineers. Earning his B.S. 

in 1877 from the University of Illinois and his C.E. in 1893, he established a thriving engineering 

practice in Tonica, Illinois. In 1882, he published "Practical Farm Drainage," one of the earliest U.S. 

books about drainage techniques and procedures, and he wrote regularly for other agricultural 

periodicals. In 1886, Elliott conducted a drainage and topographical survey of the entire Minnesota 

side of the Red River of the North, at the time the country’s largest ever drainage survey. A decade 

later, the USDA paid him to prepare the department’s first drainage bulletin. Three years later, it 

was published as "Farm Drainage"; in 1904, the Office of Experiment Stations published an 

enlarged edition as “Drainage of Farm Lands.” In 1901, Elliott bought the Drainage Journal, which 

extolled tile drainage and celebrated drainage as the essential ingredient of progressive land 

management. The following year the USDA hired him as the federal government’s first agricultural 

drainage engineer. 

 

Over the next decade, Elliott moved swiftly to systemize techniques and practices, arrange 

experimental work with universities and individuals, and mentor the first generation of federal 

drainage engineers. His initial challenge was advertising the need for specialists rather than 

generalists. While Americans had long regarded surface water removal as an uncomplicated 

undertaking, Elliott know better. The sheer diversity of landscapes characterized by an abundance 

of water demanded specialized knowledge, training, and expert-led experimentation. By 1912, 

Elliott's office provided expert assistance to drainage districts and county drainage projects, 

aggregating a size of over 10 million acres. My presentation will survey Elliott's career in the USDA, 

highlighting his achievements in maturing the federal and private agricultural drainage 

engineering profession during the Progressive Era. 

 

*Denotes primary author 

 

 

 

 

 

 



21 

 

The History of Lake Drainage in Iowa  

 

Track: Drainage Policy and Administration  

 

Location: Cedar Rapids on 3rd Floor 

 

Time: 1:30 PM – 3:00 PM 

 

Authors: Joe Otto (SWCS)* 

 

This presentation explores a historical moment in Iowa’s agricultural past that is as forgotten as it 

is brief – the drainage of natural lakes between 1880 and 1920. Iowans first sought more control 

over excess water by simply avoiding it – buying lands distant from lake shores, leaving swampy 

riverbottoms in timber, and pasturing livestock around troublesome sloughs. But not all water is 

distinguishable from the surrounding lands. What happened when a wetland was too deep to be a 

wetland, too shallow to be a lake, and capable of being tilled in some years but not others? 

Between 1880 and 1920 Iowans struggled with these questions by redefining the physical and 

legal barriers of the state’s numerous, depressional lakes in order to drain them. Some lakes were 

unceremoniously drained, while others were partially or unsuccessfully drained, and still others 

were sites of conflict over the benefits of drainage and the ethical stewardship of private lands 

and public waters. Efforts to drain lakes caused complex and sometimes conflicting reactions from 

Iowa’s water users. In order to mediate conflicts, the Governor’s office asserted itself as steward of 

all natural lakes in 1895. This action did not halt lake drainage as intended, but rather touched off 

a contentious and politicized discussion over the state’s responsibility to manage and protect 

public lands and waters on one hand, and promote agricultural expansion on the other. This 

action foreshadowed the creation of the State Board of Conservation (the predecessor to the Iowa 

Dept. of Natural Resources) in 1918 and the formal protection of lakes via the creation of public 

parks in the 1920s. 

 

*Denotes primary author 
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From Practice to Policy: Advancing Edge of Field Conservation Practices  

 

Track: Drainage Policy and Administration  

 

Location: Cedar Rapids on 3rd Floor 

 

Time: 1:30 PM – 3:00 PM 

 

Authors: Joe Otto (SWCS); Clare L Lindahl (Soil and Water Conservation Society)* 

 

In this presentation, Soil & Water Conservation Society (SWCS) CEO, Clare Lindahl, will 

summarize the activities of SWCS to advance Edge of Field (EoF) practices through science, 

practice, and policy. In the last 10 years SWCS has accumulated diverse experiences on multiple 

scales to advance EoF practices through partnerships, special projects, and supporting the 

efforts its member network of thousands of researchers, agribusiness, policymakers, technical 

advisors, and farmers. This presentation will include descriptions of publications, products, tools, 

roadmaps, process models, and other EoF resources created by SWCS, its partners, and its 

funders. Activities to be discussed include an EoF-themed SWCS annual conference, a special 

collection of articles published in the Journal of Soil & Water Conservation, reports of 

stakeholder interviews and surveys to identify barriers and opportunities to increase EoF 

adoption, grant-funded projects supported by the Iowa Department of Agriculture and Land 

Stewardship and the USDA Natural Resources Conservation Service, and collaborations with the 

Nature Conservancy, the Meridian Institute, and the Agricultural Drainage Management 

Coalition. Additionally, this presentation will also share how we as a conservation community 

can connect science and practice to advocacy. The SWCS CEO will share learnings from her four-

month experience this past Spring working from Washington D.C. translating this work to policy 

to advance EoF and other conservation priorities of SWCS and the conservation community they 

serve. 
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Streamlining the Flood of Paperwork after a Flood - Drainage Repairs in Redwood County, 

Minnesota   

 

Track: Drainage Policy and Administration  

 

Location: Cedar Rapids on 3rd Floor 

 

Time: 1:30 PM – 3:00 PM 

 

Authors: Patty Campbell (Stantec)*; Nico Cantarero (Stantec) 

 

Background: Redwood County, MN experienced massive rain events in both 2018 and 2019 that 

damaged their drainage system. Redwood County subsequently applied for and received FEMA 

disaster mitigation dollars to repair sections of their drainage system. 

 

Federally declared disasters look at individual damaged site as a standalone project that require 

paperwork. Stantec worked with Redwood County to develop customized field and desktop 

applications to streamline the paperwork burden to ensure compliance with federal 

requirements. 

 

The presentation to the International Drainage Symposium will first highlight the hazard events 

and damage that was sustained to the drainage system. The presentation will share a brief 

summary of federal requirements associated with proper documentation as part of the FEMA 

disaster mitigation program. The bulk of the presentation will focus on the customized field and 

desktop applications that were created to streamline the inspections and documentation in the 

field; and the comprehensive desktop application that provides real-time progress against plan. 

The presentation of these digital applications have broad functionality for drainage administration 

and management, as well as utility and applicability to any organization’s field inspection needs. 

 

*Denotes primary author 

 

 

 

 

 

 

 

 

 

 

 

 

 



24 

 

Can Woodchip Bioreactors Exceed Water Quality Goals by Denitrifier Enhancement or 

Carbon Dosing?  

 

Track: Edge-of-Field and Other Conservation Drainage Practices for Water Quality - Bioreactor 

Wood Chips 

 

Location: Council Bluffs on 3rd Floor 

 

Time: 1:30 PM – 3:00 PM 

 

Authors: Gary Feyereisen (ARS-USDA)*; Satoshi Ishi (University of Minnesota); Ping Wang 

(University of Minnesota); Emily Anderson (University of Minnesota); Jeonghwan Jang (University of 

Minnesota); Ehsan Ghane (Michigan State University); Scott Schumacher (University of Minnesota); 

Hao Wang (University of Minnesota); Jeffrey Coulter (University of Minnesota); Michael Sadowsky 

(University of Minnesota); Carl Rosen (University of Minnesota) 

 

Cold temperatures limit nitrate load reductions in woodchip bioreactors in northern climates. For 

example, in Minnesota, USA, on average one half of annual tile drainage losses occur by mid-May 

when water temperatures are <8°C. This field study was conducted on a working farm near 

Willmar, Minnesota, USA, to improve bioreactor performance during cool, springtime 

temperatures by addition of cold-adapted bacterial denitrifier strains (bioaugmentation) or a 

readily available carbon source (biostimulation). Subsurface drainage water was pumped to a 

supply tank and fed to replicated 11.9-m long by 1.7-m wide woodchip bioreactor beds. 

Treatments included woodchip control, bioaugmentation, and biostimulation. Experimental 

treatments were applied with subsequent water quality monitoring during Fall 2016, and Spring 

and Fall 2017. Results from Spring 2017 showed that biostimulation dramatically increased nitrate 

removal rate and percent load reduction for five weeks, but stimulated biofouling of the bed, 

which restricted flow. Nutrient removal corresponded to an increase in nosZ gene abundance for 

the biostimulation treatment. The bioaugmentation treatment increased nitrate removal 

compared to the control for two sampling periods, but the effect was then lost. Thus, additional 

research needs to focus on viability of the microbial community over time. Biostimulation, which 

has shown promise in the laboratory, has potential to significantly increase nitrate removal rates. 

Additional work is needed to identify an optimum and economical C source and to overcome 

bioclogging. 

 

*Denotes primary author 

 

 

 

 

 

 

 

 



25 

 

The Effect of Three Types of Amendments on Nutrient Removal from Tile Drainage Water 

Using Denitrifying Woodchip Bioreactors  

 

Track: Edge-of-Field and Other Conservation Drainage Practices for Water Quality - Bioreactor 

Wood Chips 

 

Location: Council Bluffs on 3rd Floor 

 

Time: 1:30 PM – 3:00 PM 

Authors: Arvydas Povilaitis (Vytautas Magnus University)* 

 

Two parallel experiments, each using three pilot-scale woodchip-denitrifying bioreactors, were 

conducted in Lithuania for 3- and 2-year periods to test whether activated carbon (C) and flaxseed 

cake (both 10% v/v) and biochar (10% v/v and 20% v/v made of deciduous wood) additives, 

respectively, can enhance the removal of NO3-N and PO4-P from tile drainage water and reduce C 

losses from bioreactors. 

 

Higher NO3-N removal efficiencies and rates were achieved in bioreactors amended with 

activated C (10% v/v) and biochar (20% v/v) than in those amended with woodchips alone. 

Bioreactors amended with 10% v/v flaxseed cake and 10% v/v biochar showed no significant 

differences from those amended with woodchips alone. The ability to enhance NO3-N removal by 

the addition of activated C and biochar was particularly evident at lower temperatures (≤10.0 °C). 

Moreover, activated C has proven to be an effective additive capable of substantially reducing C 

losses and supporting the lowest C/N (i.e., carbon loss to N removal) ratios. To a lesser extent, 

these capabilities were also characteristic of biochar-amended woodchips, whereas the addition 

of flaxseed cake resulted in the highest C/N removal ratios. These experiments also revealed that 

woodchips, alone or amended with flaxseed cake or activated C, are a suitable media that can 

allow PO4-P removal. However, the addition of biochar demonstrated large releases of PO4-P and 

other inorganic elements. Biochar itself was found to be a potential PO4-P source that poses a risk 

of large startup and over time releases. 

 

The experiments demonstrated that the addition of activated C can be used to design a more 

efficient bioreactor with prolonged longevity and higher nutrient removal capacities. Owing to the 

risk of adverse environmental effects (i.e., decreased pH, large exports of inorganic elements or 

organic C), the application of biochar or flaxseed cake additives in woodchip bioreactors proved to 

be limited for tile water treatment. 

 

*Denotes primary author 
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Particle Characterization of a Failed Denitrifying Woodchip Bioreactor   

 

Track: Edge-of-Field and Other Conservation Drainage Practices for Water Quality - Bioreactor 

Wood Chips 

 

Location: Council Bluffs on 3rd Floor 

 

Time: 1:30 PM – 3:00 PM 

 

Authors: John McMaine (South Dakota State University)*; Shelby Duncan (South Dakota State 

University) 

 

Denitrifying woodchip bioreactors are a critical tool for mitigating nitrate loading to downstream 

water bodies. The properties of the woodchip are a key factor in the design of the bioreactor 

which are usually designed to optimize that retention time of the water being treated. Retention 

time is affected by active flow volume, porosity, and flow rate. As a bioreactor ages, the carbon 

material will break down and in some cases, sedimentation will occur within the bioreactor. Both 

processes will affect the porosity and hydraulic performance of the bioreactor. When flow through 

the bioreactor is significantly different than the original design, nitrate removal performance will 

be negatively affected. A denitrifying woodchip bioreactor was installed in 2014 near Hartford, 

South Dakota. This bioreactor was monitored since installation and has demonstrated a decline in 

concentration reduction performance. Since the installation in 2014, the Hartford bioreactor has 

also been affected by external factors that were not accounted for at the time of installation. 

Heavy rains and unprotected soil upgradient of the bioreactor led to increased sediment loading 

and flooding in and around the inflow control structure. In 2021, the bioreactor was excavated 

and particles were characterized for particle size distribution, bulk density, drainable porosity, and 

total porosity at six transects along the length of the bioreactor and three depths within each 

transect. This study was conducted to characterize woodchip and sediment particles within the 

bioreactor to assess the likely causes of failure. Woodchip degradation and sedimentation the two 

main mechanisms of failure within this system. These mechanisms led to reduced pore sizes in 

affected areas changing the hydraulic properties within the bioreactor. 
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Digging in to Denitrifying Bioreactor in Situ Bulk Density   

 

Track: Edge-of-Field and Other Conservation Drainage Practices for Water Quality - Bioreactor 

Wood Chips 

 

Location: Council Bluffs on 3rd Floor 

 

Time: 1:30 PM – 3:00 PM 

 

Authors: Laura Christianson (University of Illinois)*; Reid Christianson (University of Illinois); 

Carolina Diaz-Garcia (University of Illinois); Gabriel M Johnson (Iowa State University); Bryan 

Maxwell (University of Ilinois); Richard Cooke (University of Illinois); Lowell Gentry (University of 

Illinois) 

 

Woodchip drainable porosity and saturated hydraulic conductivity are important denitrifying 

bioreactor design parameters, but both strongly depend upon woodchip bulk density (or, how 

tightly woodchips are packed). These properties are relatively easy to estimate with packed 

columns in the lab, but woodchip bulk density in full-size bioreactors is relatively unknown. The 

objectives were to (1) develop and test a proof-of-concept in situ woodchip bulk density estimation 

method and (2) use the new method to calculate bulk densities at two new and three old full-size 

bioreactors in Illinois, USA. Proof-of-concept testing involved excavating a pilot-scale bioreactor at 

the University of Illinois South Farms (Urbana, Illinois, USA) in three lifts and correcting the 

excavated woodchip masses by an appropriate moisture content. The volume of each of the three 

lifts was estimated using three methods: laser level surveying; lining the excavation with plastic 

and pumping the volume full through a flow meter; and capturing the excavation with iPhone 

LiDAR then using open-source volume software (SiteScape app, Cloud CompareTM). Woodchip 

bulk density of the top lift ranged from 237-268 kg/m3 across the three methods, whereas the 

more consistently saturated middle and bottom lifts both ranged lower at 135-166 kg/m3. These 

unexpectedly low bulk densities for the middle and bottom woodchips were corroborated using 

the LiDAR method during recharge of three 5-y old bioreactors where bottom woodchip bulk 

densities were 120-143 kg/m3. In situ bulk densities for two new full-size bioreactors were 

estimated at 214 and 221 kg/m3 with fresh, unsaturated woodchips. Particle size as well as 

moisture content in situ are thought to be explanatory factors for differences in in situ woodchip 

bulk densities. 

 

*Denotes primary author 
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Predicting Hydrology and Phosphorus Transport from a Subsurface-Drained Field Using 

RZWQM2-P  

 

Track: Drainage Tools and Modeling - Phosphorous Models 

 

Location: Davenport on 3rd Floor 

 

Time: 1:30 PM – 3:00 PM 

 

Authors: Md Sami Bin Shokrana (Michigan State University)*; Ehsan Ghane (Michigan State 

University); Zhiming Qi (McGill University) 

 

Eutrophication in the western Lake Erie basin is primarily caused by nutrient losses from 

agricultural fields. The recent development of the phosphorus (P) model combined with the Root 

Zone Water Quality Model (RZWQM2-P) has the potential to explain the fate and transport of P 

from subsurface-drained fields to surface water. Few studies have performed a hydrology and P 

transport simulation of conventional drainage, especially with daily high-resolution data. The 

RZWQM2-P has been evaluated in Ontario, Canada, against data collected from subsurface-

drained on-station plots with corn-soybean rotation and inorganic P fertilizer and manure 

application. However, the model has not been tested under different fertilization, soil, climate, and 

cropping conditions. The objective of this study is to test the model's performance with daily flow 

and DRP load data collected from a subsurface-drained field with clay loam soil. We calibrated 

RZWQM2-P using two years of measured data. Then, we validated RZWQM2-P using two years of 

measured data. We used the Nash-Sutcliffe model efficiency (NSE) and percentage bias (PBIAS) 

statistics for the RZWQM2-P model evaluation. Results showed that the model performance was 

“good” (monthly NSE = 0.65 and PBIAS = -3.89) in predicting hydrology for the calibration period. 

For the validation period, the hydrology prediction of the model was “very good” (monthly NSE = 

0.75), but it had a “satisfactory” overestimation bias (PBIAS = -21.2). We will calibrate and validate 

the model for DRP load, and the model performance will be reported based on the obtained 

results. 
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Modeling Phosphorus Losses from Tile-Drained Cropland using RZWQM2-Phosphorus   

 

Track: Drainage Tools and Modeling - Phosphorous Models 

 

Location: Davenport on 3rd Floor 

Time: 1:30 PM – 3:00 PM 

Authors: Zhiming Qi (McGill Universty)*; Peng Pan (McGill University); Tie-Quan Zhang (Agriculture 

AgriFood Canada); Liwang Ma (USDA-ARS Rangeland Resources and Systems) 

Phosphorus losses through tile drained landscape has been identified as the major source of 

nutrient in surface water bodies. However, there is lack of tools to aid the management of 

phosphorus in tile drained agricultural field. We developed a new software package RZWQM2-

Phosphorus based on Root Zone Water Quality Model (RZWQM2) model to address this concern. 

The objective of this study is to evaluate this newly developed RZWQM2-P model in simulating 

phosphorus losses in tile drained field. We used observed dissolved P and particulate P data in tile 

drainage flow from agricultural fields in southern Ontario (with compost and tillage treatments) 

and Ohio (fertilizer) surrounding Lake Erie. The modeling results for the Ontario site suggests that 

model accurately simulated field-measured annual drainage water flow, as well as particulate P 

(PP) and total P (TP) losses in tile drainage, while underestimated dissolved reactive P (DRP) when 

compost applied. Long-term simulation results showed that increase in tillage intensity and 

manure/compost P mix efficiency with soil by tillage decreased tile drainage flow and P losses, 

respectively . The change in drainage flow was between -9.01% and 6.20%, and the DRP and PP 

loss decreased by 23.95% to -32.50% and 7.67% to -16.88%, respectively. Tillage intensity and mix 

efficiency did not significantly affect crop yield. The Ohio study is still in progress. Overall, the 

RZWQM2-P model can accurately simulate most soil P dynamics and though DRP loss prediction 

still needs to be improved, and it can be used as a tool to evaluate tillage effects on P loss from 

tile-drained agricultural land under manure compost management. 

 

*Denotes primary author 
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An Introduction to P-Trap Software for Designing and Evaluating Phosphorus Removal 

Structures   

 

Track: Drainage Tools and Modeling - Phosphorous Models 

 

Location: Davenport on 3rd Floor 

 

Time: 1:30 PM – 3:00 PM 

 

Authors: Chad Penn (USDA-ARS)* 

 

Phosphorus (P) removal structures are a best management practice targeted at reducing non-

point losses of dissolved P from high P soils. Structures contain various P sorption materials 

(PSMs) that have a high affinity for dissolved P. While operation is simple, design of P removal 

structures is complex and must consider PSM physical and chemical properties, site hydrology 

and constraints, and target P removal goal and lifetime. The complexity of design has inhibited 

adoption. In response, the P-Trap (Phosphorus Transport Reduction App) software was developed, 

allowing conservationists to create an engineered design based on site inputs and P removal 

goals. This presentation will provide an overview of P-Trap features and demonstrate how it is 

used to conduct a design and evaluate real or hypothetical structures, using real site inputs. 

Software is freely available from USDA-ARS: https://fargo.nserl.purdue.edu/p-trap/ 

 

*Denotes primary author 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



31 

 

Accuracy of WaSim and DRAINMOD Models for Subsurface Drainage Design and Analysis in 

a Data-Scarce Environment   

 

Track: Drainage Tools and Modeling - Phosphorous Models 

 

Location: Davenport on 3rd Floor 

 

Time: 1:30 PM – 3:00 PM 

 

Authors: Mphatso Malota (University of KwaZulu-Natal); Cuthbert Taguta (University of KwaZulu-

Natal); Tinashe Dirwai (University of the Free State); Aidan Senzanje (University of KwaZulu-Natal); 

Tafadzwanashe Mabhaudhi (University of KwaZulu-Natal, School of Agricultural, Earth and 

Environmental Sciences)* 

 

Simulation models are useful decision support tools for designing and analysing subsurface 

drainage systems in irrigated lands. The challenge, however, is how to determine soil hydraulic 

data inputs required by models to achieve accurate simulation of water table depths (WTDs) and 

drainage discharges (DDs) at various combinations of drain depth and spacing. This is particularly 

important for data-scarce areas and developing countries that lack facilities to determine in-situ 

soil hydraulic properties. We evaluated the performance of WaSim and DRAINMOD models to 

simulate WTDs and DDs at a field scale in KwaZulu-Natal, South Africa. Hydraulic conductivity 

(Ksat) and Soil Water Retention Characteristics (SWRC) data were determined using the in-situ 

pumping test and a pressure plate, respectively. Later, these parameters were estimated by 

pedotransfer functions (PTFs) in the Rosetta computer program. The DRAINMOD and WaSim 

models were calibrated using the in-situ measured Ksat and SWRC data, while the validation 

exercise used the Rosetta-estimated Ksat and SWRC data as soil hydraulic inputs. Models’ 

performance to simulate WTDs and DDs was assessed using Nash-Sutcliffe Model Efficiency (NSE), 

Coefficient of Determination (R2), and Mean Percent Error (MPE). During validation, DRAINMOD 

simulated WTDs with NSE, R2, and MPE of 0.86, 0.82, and 6.2%, respectively, whereas for DDs, the 

model registered NSE, R2, and MPE of 0.81, 0.80, and 4.3%, respectively. On the other hand, 

during the same validation period, the WaSim model simulated WTDs with NSE, R2 and MPE of 

0.78, 0.77, and 8.1%, respectively. Whereas for DDs, during validation, the WaSim model registered 

NSE, R2, and MPE of 0.74, 0.72, and 7.9%, respectively. The DRAINMOD model can be used to 

design and analyse drainage systems with a reasonably high level of confidence. However, this 

drainage design approach should be used only when reliable methods of determining inputs to 

the Rosetta computer program have been used. 
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Putting GIS to Work for You: The Three-Fold Benefit of Drainage Data Acquisition and 

Management  

 

Track: Drainage Data Acquisition and Management 

 

Location: Dubuque on 3rd Floor 

 

Time: 1:30 PM – 3:00 PM 

 

Authors: Chuck Brandel (ISG)* 

 

The acquisition and management of drainage data provides critical control over the operation of 

county drainage systems. ISG has assisted numerous counties with converting antiquated maps 

and collection methods into accurate and reliable data, saving time and money. Having built a 

trusted relationship through the completion of hundreds of projects for Blue Earth County, 

Minnesota, ISG was approached to convert over 300 drainage maps, dating back to the early 

1900s, into GIS. 

 

The County received a state grant to complete the work, which was scheduled to be completed 

within a two-year timeframe. Using the state’s user-friendly workflow process, ISG completed the 

conversion of over 850 miles of drainage within a year and a half. Standard GIS tools were used to 

complete the project, including georeferencing to place maps in the space, digitizing to trace the 

line work, and editing techniques to create representations of different features within the 

system. The new GIS drainage data more accurately reflects the drainage tile, open ditches, and 

features of the site, helping County staff easily locate data in the field. 

 

The benefits of professional drainage acquisition and management are three-fold: 1) immediate 

time savings, instead of guessing in the field, 2) improved designs based on accurate GIS data, and 

3) long-term cost-savings due to more efficient designs. Building on the strong relationship with 

Blue Earth County, ISG created a living GIS database to maintain and update projects as they are 

completed. The final deliverable is an end product that represents the needs of the County, works 

to achieve their future drainage goals, and saves them time and money throughout the 

maintenance and planning process. 

 

*Denotes primary author. 
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Prioritizing Maintenance Work in Agricultural Drainage Ditches: A Procedure  

 

Track: Drainage Data Acquisition and Management 

 

Location: Dubuque on 3rd Floor 

 

Time: 1:30 PM – 3:00 PM 

 

Authors: Daniel Bernardo Aviles Ribera (San Simon University)*; Ingrid Wesström (SLU); Abraham 

Joel (SLU) 

 

Keeping agricultural land productive is vital to secure our capacity for food production. An 

important factor in securing soil fertility is to intermittently maintain drainage ditches. In order to 

decide where and when preventive work should be done, some tools are needed to prioritise 

expensive maintenance work in agricultural ditches. In this work we present a procedure to 

identify drainage ditches segments that are likely to need maintenance works. This work focused 

on the susceptibility to soil erosion by water flowing in the ditch. The susceptibility to soil erosion 

was, thus, evaluated using a Cohesive Strength Meter (CSM) to derive estimates of the critical 

shear stress for soil erosion. An important part of the CSM method is to relate the pressures of 

the CSM with the pressures acting at the soil surface. Here, we present a relationship between 

CSM jet pressures and pressures at the soil surface, obtained from measurements of the 

pressures at the soil surface done with a pressure sensor plate. This relationship suggests that the 

pressures acting on the soil surface are in the range 0 – 275 Pa, which are, in some cases, one 

order of magnitude lower than the estimates obtained using the relationship proposed by Vardy 

et al. (2007). At the same time, lower values of the pressures at the surface will cause lower 

estimates of the critical shear stress for erosion. We consider our estimates reliable since they are 

based on direct measurements of the pressures at the surface for each CSM jet pressure. Finally, 

we argue that the CSM is useful to compare soils regarding its resistance to soil erosion. This 

information is useful when deciding which drainage ditch segments should be prioritised for 

maintenance works. 
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Evaluating Sampling Strategies and Phosphorus Transport Dynamics Using High-Frequency 

Monitoring of Drainage Discharge  

 

Track: Drainage Data Acquisition and Management 

 

Location: Dubuque on 3rd Floor 

 

Time: 1:30 PM – 3:00 PM 

 

Authors: Babak Dialameh (Michigan State University)*; Ehsan Ghane (Michigan State University) 

 

Accurate phosphorus (P) load estimation in subsurface drainage water is critical to assess the 

efficacy of conservation practices. The HydroCycle-PO4 instrument measures real-time total 

reactive P (TRP) concentration. The main objectives of this study were to 1) evaluate the effects of 

water sampling strategies on the uncertainty of P load estimation, and 2) investigate P transport 

dynamics during storm events. Hourly TRP concentration and hourly drainage discharge 

measurements formed the reference P load dataset. Four hypothetical water sampling strategies 

were evaluated: 1) time-proportional discrete, 2) time-proportional composite, 3) flow-

proportional discrete and 4) flow-proportional composite sampling. The results showed that if 

calculating the cumulative P load during a certain period is the main purpose of a monitoring 

program, flow-proportional sampling strategies (either discrete or composite) can be used to 

provide fairly accurate results with a smaller P budget underestimation. If P transport dynamics 

(rapid P changed during storm events, event hysteresis pattern, flushing, and flashiness) are of 

interest, high-frequency time-proportional sampling strategies are recommended. A 1% increase 

in drainage discharge resulted in a 1.38% increase in TRP load, indicating a significant increase in 

TRP concentration at high flows. We found that flow events contributed to 78% of TRP load. Our 

hourly discrete sampling strategy captured the substantial contribution of flow events to P loss. 

The top 3.5% of drainage flow transported 50% of the TRP load during the monitoring period. Our 

analysis of high-resolution data indicated that flow events had a larger contribution to P loss than 

previously considered. In conclusion, the flow-proportional sampling strategies provided a more 

accurate estimate of cumulative P load with a fewer number of samples because a greater portion 

of samples was taken at higher flow rates compared to time-proportional sampling strategies. 
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Global Significance of Filling Materials for Nitrate Removal in Denitrifying Bioreactors 

Revealed by Meta-Analysis  

 

Track: Drainage Data Acquisition and Management 

 

Location: Dubuque on 3rd Floor 

 

Time: 1:30 PM – 3:00 PM 

 

Authors: Yuchuan Fan (University of Florida)*; Jaehoon Lee (University of Tennessee); Jehangir 

Bhadha (University of Florida) 

 

Denitrifying bioreactors (DNBR) are widely used to reduce excess nitrate from agricultural 

drainage. Their performance depends on the physical and chemical properties of the substrate. 

Even though the substrate were partly reviewed in previous studies, however, few studies have 

been conducted in an attempt to getting a generalized pattern on the role of substrate for nitrate 

removal. In this study, 41 types of substrate were summarized and the dataset was collected from 

63 refereed articles, which include 219 independent DNBR units. The substrate were classified into 

four groups: a) natural carbon (NC) such as woodchip; b) non-natural carbon (NNC) such as 

biodegradable polymers (e.g., polycaprolactone) and waste products (e.g., cardboard); c) inorganic 

material (IM) such as non-carbon materials (e.g., iron oxide); and d) multi-materials (MM) such as a 

mixture of the above materials. These materials are compared and evaluated using the meta-

analysis in terms of nitrate removal rate (NRR, g N m-3 d-1) and nitrate removal efficiency (NRE, 

%). This study reviewed the different substrate performance (NRR & NRE), potential mechanisms, 

pollution swapping, and cost analysis. It indicated that woodchip and corncob are the most cost-

effective substrates for NCs. Comparing all substrates, it was recommended that MM as the best 

substrate which has a great potential to be improved, especially woodchip-based or corncob-

based substrate. This analysis can help optimize the design of DNBR to meet the practical 

requirements of users both environmentally and economically. 
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Drainage Design Tools: Creating Topologically-Sound Subsurface Drainage Networks  

 

Track: Drainage Tools and Modeling - Decision Tools 

 

Location: Cedar Rapids on 3rd Floor 

 

Time: 3:30 PM – 5:00 PM 

 

Authors: Yuchuan Fan (University of Florida)*; Jaehoon Lee (University of Tennessee); Jehangir 

Bhadha (University of Florida) 

 

As a broad application in graph theory, network topology deals with the arrangement and 

connectivity of nodes and links of a network. In practice, drainage systems are often not laid out 

as sound networks; Tile lines may not be consistently drawn from upstream to downstream, lines 

may not be actually meet, and there may be dangles. We have developed a routine to convert a 

series of laterals and mains into a topographically sound drainage network and to set the 

calculation order of line segments in the network to facilitate both burying and sizing the drainage 

lines. Steps include reversing node numbering, if necessary, to ensure that tiles nodes are 

numbered from upstream to downstream, connecting the ends of tile lines that are within a 

certain tolerance of each other, setting the order for burying line segments to ensure that each 

line segment is buried before any segment that is upstream of it, and setting the order for pipe 

sizing so that each pipe segment is sized before any segment that is downstream of it. The results 

from successfully testing the new tool using a proposed tile network layout at the university farm 

demonstrate the capacity of the new tool to fix topologically disconnected tile lines and likewise 

generate sound tile networks. This easy-to-use tool is free and compatible with all versions of 

QGIS3 and is available for download from the official QGIS Plugin Repository. 

 

*Denotes primary author 
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Designing Better Drainage Systems Through Advanced Technologies  

 

Track: Drainage Tools and Modeling - Decision Tools 

 

Location: Cedar Rapids on 3rd Floor 

 

Time: 3:30 PM – 5:00 PM 

 

Authors: Chuck Brandel (ISG)* 

 

The use of applied technology supports ISG’s commitment to investing in leading-edge services 

that increase efficiencies and offer added value to our drainage clients. Considering project 

context and client goals, our water resources team uses drone and pipe camera technologies to 

capture accurate data, improving designs. ISG’s project management and applied technology 

teams work together to determine the best combination of technology for each project, creating 

deliverables that exceed client expectations. 

 

ISG will present a collaboration of noteworthy projects as case studies in how different 

technologies can be applied to collect data used to support drainage system improvements. We 

will highlight our work using drones to capture flood events and water on the landscape, lidar 

drone to capture ground elevations, and pipe camera to televise existing tile condition and 

determine whether it is providing adequate support or requires repair. 

 

By maximizing these in-house resources, ISG provides commissioners and governing agents 

useful tools to review their drainage systems, ensuring that drainage tiles are not being run longer 

than their intended lifespan. These highly accurate and detailed data sets also provide engineers 

with the information they need to develop better designs now and in the future. 

 

*Denotes primary author 
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Nutrient Tracking Tool (NTT): Evaluation of Conservation Practices of Tile Drainage Systems  

 

Track: Drainage Tools and Modeling - Decision Tools 

 

Location: Cedar Rapids on 3rd Floor 

 

Time: 3:30 PM – 5:00 PM 

Authors: Ali Saleh (Tarleton State University)* 

 

The Nutrient Tracking Tool (NTT) is a user-friendly web-based computer program providing 

producers, government officials, and other users a fast and efficient method of estimating the 

environmental (nutrient, sediment losses, N2O, soil health index (e.g,.C-sequestration), and crop), 

and economic impacts of different agricultural and silviculture management practices. The 

information obtained from NTT helps producers to determine the most cost-effective 

conservation practice(s) to reduce the nutrient and sediment losses while improving soil health 

and optimizing the crop production. NTT is linked to the Agricultural Policy Environmental 

eXtender (APEX) and Farm Economic Models and accesses USDA-NRCS’s Web Soil Survey and 

PRISM national weather data to obtain field, weather, and soil information. Also, users able to 

access the local cropping management database in NTT at the state-level. Tile drainage systems 

are essential for crop production in poorly drained soils. However, excessive nutrient losses (N 

and P) from tile drains can cause significant water contamination. Therefore, NTT provides three 

conservation practices, including drainage water management, bioreactors, and saturated buffers, 

to evaluate the nutrient practices under these practices. The concept and application of these 

practices will be presented meeting. 

 

*Denotes primary author 
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A Decision-Support Tool to Quantify the Nitrate Load Reduction of Shallow Drains in 

Subsurface Drainage Design  

 

Track: Drainage Tools and Modeling - Decision Tools 

 

Location: Cedar Rapids on 3rd Floor 

 

Time: 3:30 PM – 5:00 PM 

 

Authors: Ehsan Ghane (Michigan State University)* 

 

Agricultural subsurface drainage is critical for crop production in temperate humid regions. With 

the heightened concern of its water-quality implications, we need a method to design drainage 

systems for both crop production and water-quality protection. When practitioners choose a drain 

spacing that is too narrow for a specific field, more nitrate is lost. The objective of this study is to 

develop a user-friendly decision-support tool to design subsurface drainage systems for optimum 

crop production and water-quality protection. The Drain Spacing Tool 

(www.egr.msu.edu/bae/water/drainage/drain-spacing-tool) estimates the optimum drainage 

intensity that maximizes economic return on investment for any location in the Midwest USA. That 

tool uses sites-specific soil and weather data. Then, that tool uses the optimum drainge intensity 

in the Hooghoudt equation to estimate the optimum drain spacing, which also maximizes 

economic return on investment. That tool allows the user to change the design drain depth, 

thereby obtaining a site-specific estimate of drainage discharge. The user will then take the 

drainage discharge output of the Drain Spacing Tool and enter it in the Shallow Drains Tool 

(www.egr.msu.edu/bae/water/drainage/shallow-drains-tool) to estimate nitrate load reduction 

with shallow drains. Shallow drains have been well-documented to reduce nitrate load, and the 

tool allows quantifying the nitrate load reduction of shallow drains compared to deep drains. This 

oral presentation will include a brief description of the tools background, followed by a 

demonstration of both tools. 

 

*Denotes primary author 
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Denitrification Bioreactors as a Structural Water Quality Measure at Catchment Scale: 

Performance and Lessons Learned  

 

Track: Edge-of-Field and Other Conservation Drainage Practices for Water Quality - Bioreactor 

Modifications 

 

Location: Council Bluffs on 3rd Floor 

 

Time: 3:30 PM – 5:00 PM 

 

Authors: Gary Feyereisen (ARS-USDA)*; Ehsan Ghane (Michigan State University); Mark Williams 

(USDA ARS); Jeffrey Coulter (University of Minnesota) 

 

Eutrophication causes increased growth of algae and nuisance aquatic plants that interfere with 

beneficial use of water resources. Denitrifying bioreactors, a structural practice deployed at the 

field scale to meet water quality goals, have been underutilized and require additional evaluation 

at the catchment scale. The objective of this study was to quantify performance of a large, multi-

bed denitrifying bioreactor sized to treat agricultural drainage runoff from a 266-ha catchment. 

Three woodchip bioreactor beds, 7.6 m wide by 41 m long by 1.5 m deep, plumbed with cascading 

inlets, were constructed in 2016 in southern Minnesota, USA. The beds received run off from a 

catchment area that is 91% tile-drained row crops, primarily maize and soybeans. Catchment flow 

was measured with an area-velocity meter and flow through the bioreactor beds was measured in 

water table control structures with v-notch weirs and pressure transducers. Water from the 

system inlet and each bioreactor outlet was collected with automated samplers on a flow-

proportional basis for lab analysis. Instrumentation at the site was connected to dataloggers, 

which were connected by radios to a base station with a cellular phone modem. Initial woodchip 

quality differed among the three beds, affecting flow and nitrate removal rates. Flow problems 

through the beds were encountered after large precipitation events with sediment trapping 

identified as the primary cause. The system was balanced and working for a four-month period in 

2017 during which time 59% of the system flow was treated in the bioreactor beds. Denitrification 

rates and nitrate-N load removals will be reported. Total phosphorus (P) was reduced during 

baseflow periods but there was evidence of total P export during events. Experience at this site 

has provided opportunities to work through and solve issues structural water conservation 

measures will face at a catchment scale. 

 

*Denotes primary author 
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The Magic of Bioreactors Arrives in Spain for Denitrification of Saline Drainage under Semi-

Arid Conditions   

 

Track: Edge-of-Field and Other Conservation Drainage Practices for Water Quality - Bioreactor 

Modifications 

 

Location: Council Bluffs on 3rd Floor 

 

Time: 3:30 PM – 5:00 PM 

 

Authors: Carolina Diaz-Garcia (University of Illinois)*; Laura Christianson (University of Illinois); 

Juan Jose Martinez-Sanchez (Universidad Politecnica de Cartagena); Jose Alvarez-Rogel 

(Universidad Politecnica de Cartagena) 

 

The Mar Menor coastal lagoon (SE Spain) is the largest hypersaline coastal lagoon in the 

Mediterranean basin, and among other protection, is included in the Ramsar Convention. 

Adjacent to the lagoon is the agricultural watershed of the Campo de Cartagena. Due to all the 

fertilizer farmers have used in their crops, the lagoon has been receiving thousands of tons of 

nitrates per day during the last decades. To reduce nitrate loading to the Mar Menor, denitrifying 

bioreactors were studied to assess: (1) the efficiency of citrus woodchips to remove nitrates from 

surface saline drainage water, (2) woodchip degradation by weight loss, and (3) the possible 

formation of Phosphate, Sulphide, CO2, and N2O. Three bioreactors (6 x 0.98 x 1.2 m) were filled 

with citrus woodchips through which the untreated ditch water (3 m3 d−1 per bioreactor) was 

routed for 1.5 years. The three bioreactors were operated at one of three hydraulic retention 

times (HRTs; 8, 16, and 24 h) by varying the water level inside the bioreactors. The income water 

had: dissolved organic carbon ≈6–10 mg L−1, and NO3−-N ≈ 22–45 mg L−1. The results showed 

high efficiency in reducing NO3--N load (8h ≈ 56 %, 16 h ≈ 75 %, and 24h ≈ 88 % average). This 

efficiency depended on seasonal temperature changes, increasing in warmer periods (max. ≈ 85-

90 % for all HRT) and decreasing in colder ones (min. ≈ 12, 23, and 41% for HRT 8, 16, and 24 h 

respectively). Maximum woodchips degradation happened during the first six months (average ≈ 

29% weight loss) in the media above the water level, attributable to the aerobic mineralization of 

easily mineralizable organic compounds. In the continuously underwater woodchips, weight loss 

was ≈ 11%. The surface CO2 emissions were greater at the bioreactor operating with an 8 h HRT, 

where there was a lower saturated depth, whereas the more deeply saturated bioreactor with a 

24 h HRT released higher N2O emissions. 
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Modification and Monitoring of a Dual-Chamber Denitrification Bioreactor with a Surface 

Water Pumping System 

  

Track: Edge-of-Field and Other Conservation Drainage Practices for Water Quality - Bioreactor 

Modifications 

 

Location: Council Bluffs on 3rd Floor 

 

Time: 3:30 PM – 5:00 PM 

 

Authors: Lindsey Hartfiel (Iowa State University)*; Michelle Soupir (Iowa State University) 

 

Denitrification bioreactors have been proven effective as an edge-of-field practice to reduce 

nitrate loading from artificial subsurface drainage. This research seeks to expand the use of 

denitrification bioreactors to additional applications including the treatment of nitrate-laden 

surface waters. A dual-chamber bioreactor was installed in the summer of 2018 to treat 

approximately 17% of the peak flow from a tile drainage system. Initial monitoring at this site 

revealed low flow conditions below the design flow rate of 4.8 L/s (average of 1.06 L/s; median of 

0.69 L/s). To supplement the flow to this bioreactor, a pumping system is being installed (spring 

2022) to allow for treatment of both nitrate-laden subsurface drainage and surface waters. This 

dual-chamber bioreactor features nine randomly located sampling wells across each bioreactor 

chamber, allowing for investigation of spatial nutrient removal dynamics. Beyond monitoring of 

nitrate, the bioreactor is being monitored for dissolved methane gas, dissolved nitrous oxide gas, 

sulfate, and total organic carbon. The spatial nutrient and pollutant dynamics in the bioreactor are 

investigated using an inverse distance weighting method. Results from the first three years of 

monitoring show 80% removal of the nitrate in the first 50% and 58% of the two bioreactor 

chamber’s lengths on average. Initial results of the spatial pollutant dynamics indicate a nitrate 

concentration above 3 mg N/L limits sulfate reduction and methane production from occurring in 

the bioreactor system. The installation, monitoring, and challenges of the pumping system will be 

discussed as well as comparisons of the bioreactor’s performance before and after the pumping 

system installation. These findings can aid in the identification of target nitrate concentrations to 

maintain to limit pollution swapping from occurring in these denitrification systems as well as 

providing suggestions for future pumped bioreactor systems. 

 

*Denotes primary author 
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Long-Term Nitrate Removal Performance of Four Denitrifying Woodchip Bioreactors in 

Eastern South Dakota   

 

Track: Edge-of-Field and Other Conservation Drainage Practices for Water Quality - Bioreactor 

Modifications 

 

Location: Council Bluffs on 3rd Floor 

 

Time: 3:30 PM – 5:00 PM 

 

Authors: Kristen Almen (South Dakota State University); John McMaine (South Dakota State 

University)*; Pavan Kulkarni (South Dakota State University); John Maursetter (South Dakota State 

University); Rachel McDaniel (National Oceanic and Atmospheric Administration); Chris Hay (Iowa 

Soybean Association); Jeppe Kjaersgaard (Minnesota Department of Agriculture); Laurent 

Ahiablame (Chicago Metropolitan Agency for Planning ); Utsav Thapa (University of Buffalo); 

Cynthuja Partheeban (Texas A&M AgriLife); Todd P Trooien (South Dakota State University); David 

Kringen (South Dakota State University) 

 

Woodchip bioreactors are an edge-of-field practice installed with the goal of removing nitrate 

from subsurface (tile) drainage water from agricultural fields. In a woodchip bioreactor, drainage 

water is routed through a trench filled with woodchips. This reduction in nitrate load is caused by 

denitrifying bacteria within bioreactors that convert nitrate-nitrogen into nitrogen gas, which 

decreases the nitrate concentration of tile outflow. Research on bioreactors in the upper Midwest 

is limited, with most having taken place in areas with warmer average temperatures and more 

yearly precipitation, despite the large prevalence of row crop agriculture in the colder, drier, upper 

Midwest region. Long-term bioreactor performance data is also limited. The determination of 

bioreactor performance over time is necessary for recommendations related to woodchip 

recharge, where degraded woodchips are removed from the bioreactor and replaced with new 

ones to ensure optimal nitrate reduction. To address these two gaps in the research, four 

bioreactors were constructed in eastern South Dakota in 2012, 2013, and 2014. Drainage areas 

ranged from 20 to 40 acres of land mainly comprised of farmland cropped to corn and soybeans. 

The bioreactors were monitored for inflow, outflow, and nitrate concentrations coming into and 

coming out of the bioreactor. Mean nitrate reduction percentages ranged from 54 to 80%. 

Changes in nitrate reduction among sites and years may have been linked to differences in 

precipitation, bioreactor age, and water temperature, among other factors. Future work should 

continue to focus on bioreactor performance over time so that data-driven management 

recommendations can be given to those interested in installing bioreactors. As the need for 

agricultural production increases, methods of limiting nutrient loss from fields with solutions such 

as woodchip bioreactors will become a necessary protection against environmental degradation. 

 

*Denotes primary author 
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Source and Transport Controls on Nutrient Delivery to Tile Drains  

 

Track: Water Quality and Drainage - Nutrient Transport 

 

Location: Davenport on 3rd Floor 

 

Time: 3:30 PM – 5:00 PM 

 

Authors: Mark Williams (USDA ARS)*; Chad Penn (USDA-ARS); Scott McAfee (USDA ARS) 

 

Apportioning sources, assessing flow paths, and quantifying the interaction between source and 

transport factors are critical for decreasing nutrient loss from agricultural catchments. In this 

study, water, nutrient, and tracer fluxes were measured over 2 years from a tile-drained field in 

Indiana, USA. Three-component hydrograph separation showed that tile discharge was, on 

average, sourced from groundwater (65±31%), shallow soil water (29±28%), and precipitation 

(6±8%). Daily NO3-N and dissolved reactive phosphorus (DRP) load ranged from 0.0-1.8 kg/ha and 

0-101 g/ha, respectively, while cumulative loads were 30.7 kg/ha and 1,040 g/ha. Nutrient 

management practices (rate, placement, timing) directly influenced the magnitude of incidental 

nutrient loss and proportion of load that was derived from a fertilizer source. It was estimated 

that 52% and 46% of cumulative NO3-N and DRP load, respectively, was incidental loss that 

occurred within 30 d of fertilizer application. Continuous re-distribution of NO3-N throughout the 

soil profile following fertilizer application resulted in a broad range of concentration across flow 

pathways and antecedent conditions. In contrast, dry conditions with tile water sourced from 

shallow soil water or precipitation resulted in greater, but more variable, DRP concentration 

compared to wetter conditions when tile water was largely comprised of groundwater. Findings 

suggest that groundwater table dynamics exerted a strong control over DRP concentration, as 

similar surface-tile hydrologic connectivity occurred during both dry and wet conditions but 

produced different water quality outcomes. Groundwater may therefore serve both as a chemical 

and hydrologic buffer of DRP concentration. Combined measurements of water, nutrient, and 

tracer fluxes revealed novel insights into processes controlling nutrient delivery to tile drains, with 

direct applicability for conservation practice implementation and improving process 

representation in models. 

 

*Denotes primary author 
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Phosphorus Desorption Kinetics under Flowing Conditions: How Physical and Chemical 

Processes Interact to Control Concentrations and Load   

 

Track: Water Quality and Drainage - Nutrient Transport 

 

Location: Davenport on 3rd Floor 

 

Time: 3:30 PM – 5:00 PM 

 

Authors: Chad Penn (USDA-ARS)*; Mark Williams (USDA ARS); Hope Wason (Purdue University); 

James Camberato (Purdue University) 

 

Phosphorus (P) losses through tile drainage systems are extremely variable, even with relatively 

unchanging and constant soil P sources not receiving P applications. Such variation is not captured 

with current watershed modelling tools. Previous work has shown that solution P concentrations 

and loads are partly controlled by soil P desorption kinetics and thermodynamics. For example, 

first-order kinetics and diffusion are manifested through physical processes that ultimately control 

the potential for chemical processes to be realized that are effectively influenced by flow rate, 

contact time, cumulative contact time, and flow volume. This presentation goes further in 

exploring how differences in soil properties such as clay content, SOM, pH, and soil P level can 

impact how flow rate (physical process) can affect P desorption (physio-chemical process). Thirty 

high-P soils were collected and characterized. Soil P desorption kinetics were assessed with a flow-

through method with 5g of soil at two different flow rates: 0.14 and 7.2 mLs/minute, with all 

solution collected every 3 h and 15 min, respectively, and analyzed for dissolved P. Up to 65% of 

Mehlich-3 extractable P was desorbed after 2 L of flow. The slow flow rate produced greater 

solution P concentrations than the fast rate. Per unit volume, more P desorbed at slow than fast 

flow rate, but per unit time, fast flow rate desorbed more P than slow flow rate, i.e. greater P 

desorption rate. All soils displayed a two-phase desorption rate with an initial rapid desorption 

rate followed by a secondary gradual P release. The difference in cumulative P desorption 

between fast and slow flow rates increased with soil P content. P desorption rate increased with 

soil P content, for both initial rapid and secondary gradual phase. For both fast and slow flow 

rates, increased soil P content had a greater impact on the initial rapid desorption rate compared 

to the secondary gradual desorption rate 

 

*Denotes primary author 
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Source Contributions to Subsurface Drain Dissolved Phosphorus Losses in Ohio  

 

Track: Water Quality and Drainage - Nutrient Transport 

 

Location: Davenport on 3rd Floor 

 

Time: 3:30 PM – 5:00 PM 

 

Authors: William Osterholz (USDA ARS)*; Kevin King (USDA-ARS); Vinayak Shedekar (Ohio State 

University); Zach Simpson (Iowa State University) 

 

Agricultural losses of dissolved reactive phosphorus (DRP) emanate from both old soil P and newly 

applied fertilizer P, and understanding the relative contributions of these sources is important for 

optimizing DRP loss mitigation efforts. This study provides a proof-of-concept determination of P 

source contributions to subsurface tile drain DRP losses using edge-of-field water quality data and 

management records. Weighted regressions on discharge and season (WRDS) were employed to 

predict tile drain DRP losses following a new fertilizer application, presuming the absence of the 

fertilizer application; increases in DRP concentration above the prediction for 90 d after 

application were attributed to the new P source, while all other losses were attributed to the old 

soil P source. The WRDS models from 8 fields in northwest Ohio produced modest model 

performance statistics, and source calculations indicated new P sources contributed between -3 

and 17% of overall DRP losses, with old soil P contributing 83 to 103%. Individual P fertilizer 

applications of 11 to 30 kg P ha-1 were associated with new DRP losses of -17 to 192 g P ha-1. 

Increasing the length of the risk period for new P losses up to 180 d after fertilizer application 

increased the calculated share of DRP from the new P source. The WRDS based analysis provides 

an approach to estimating contributions of newly applied and old sources to DRP losses using 

edge-of-field data, and could be extended to other datasets and nutrients including total 

phosphorus and nitrogen. 

 

*Denotes primary author 
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Effects of Re-Drainage on Nutrient Leaching and Crop Yield   

 

Track: Water Quality and Drainage - Nutrient Transport 

 

Location: Davenport on 3rd Floor 

 

Time: 3:30 PM – 5:00 PM 

 

Authors: Ingrid Wesström (SLU)*; Abraham Joel (SLU) 

 

Appropriate agricultural drainage strategies are important for both environmental and economic 

reasons. There are indications on environmental benefits of properly designed drainage systems, 

but lack of studies that directly shows this. The aim of this project is to develop recommendations 

for new and improved drainage of clay soils by studying how different drainage strategies affect 

nutrient leaching and crop yield. The project is investigating the impact of drain distances with and 

without lime filter on nitrogen and phosphorus losses and crop yield. 

 

Improved drainage is studied in a field experiment on a clay soil. The experiment consists of 12 

randomized individually drained plots divided in four treatments with three replicates. The 

treatments are; A. an old drainage system with clay tiles at 10 m drain distance, B. a new drainage 

system with plastic pipes at 10 m drain distance, C. a new drainage system with plastic pipes at 5 

m drain distance and D. a new drainage system with plastic pipes at 10 m drain distance with lime 

incorporated in the trench backfill. Flow measurement and flow-proportional logger controlled 

water sampling are carried out at a measuring station on drain water from each individual plot. 

The first two years results show a clear effect of improved drainage on leaching of phosphorus 

and nitrogen and on crop yields. The highest total leaching of nitrogen and the lowest total 

leaching of phosphorus were measured from treatment D with lime filter. Reversed conditions 

were measured in treatment A with old tile drainage which had the lowest total leaching of 

nitrogen and the highest total leaching of phosphorus. This suggests that phosphorus leaching 

can be reduced with improved drainage, but with more intensive drainage there is a risk of 

increased nitrogen leaching. Yield data from two experimental years showed an increase in yield 

between 3 to 20%, indicating that re-drainage of old tile drainage systems is a profitable measure. 

 

*Denotes primary author 
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Thursday, September 1 

Concurrent Session Descriptions and Agenda 

Simulating Historical Changes of Water Table Depth in the US Corn Belt  

 

Track: Modeling and Measuring the Water Balance 

 

Location: Cedar Rapids on 3rd Floor 

Time: 8:30 AM – 10:00 AM 

Authors: Sotirios Archontoulis (Iowa State University)* 

We simulated temporal changes in water table depth in the US Corn Belt using the APSIM 

cropping systems model. A corn-soybean rotation was simulated over a 36-year period at a 5-

arcminute spatial resolution. Management practices and crop cultivars changed over time in the 

model to represent the crop yield increase over the years. Subsurface tile drainage included. 

Results indicated that the water table depth is becoming shallower (up to 8 mm/year) and this was 

caused by increasing precipitation (up to 12 mm/year) than changes in evapotranspiration. The 

water table depth became shallower in the states with large row crop acreage such as Iowa and 

Illinois. Current trends may reserve in the future as the climate becomes warmer and 

evapotranspiration will increase. 

 

*Denotes primary author 
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Impacts of Subsurface Drainage on Water Yield and Opportunities for Controlled Drainage 

in Eastern South Dakota  

 

Track: Modeling and Measuring the Water Balance 

 

Location: Cedar Rapids on 3rd Floor 

Time: 8:30 AM – 10:00 AM 

Authors: Govinda Karki (Louis Berger); Chris Hay (Iowa Soybean Association); Todd P Trooien 

(South Dakota State University); John McMaine (South Dakota State University)*; Morghan Hurst 

(South Dakota State University); Jeppe Kjaersgaard (Minnesota Department of Agriculture); Kristen 

Almen (South Dakota State University) 

Both excess moisture and limited moisture can be detrimental to crop yield. Irrigation systems can 

be utilized to apply water to dry fields, and tile drainage can be installed to remove excess 

moisture. While both practices can be beneficial, areas that experience both too much and too 

little moisture would require the installation of both systems for optimum growing conditions, 

which would be a substantial investment. Controlled drainage, which limits tile drainage outflow, 

can potentially be used to hold water within the field for crop use later in the growing season. 

Water yield data, from a DRAINMOD simulation determining optimum drainage intensity, was 

used to determine possible opportunities for controlled drainage at a site in Eastern South 

Dakota. The data includes 62 site years of climatological, soil, and tile drainage design. Specifically, 

the difference between rainfall and the sum of evapotranspiration and surface runoff was 

calculated. If this value was positive, it meant that water was available for controlled drainage. 

Results showed that controlled drainage could have occurred in 36 of the 63 years studied. In the 

other 27 years, there was not enough water to create a need for drainage. As expected, controlled 

drainage was more likely to occur in years with higher precipitation totals. Future work should be 

conducted on installed controlled drainage systems in eastern South Dakota to determine the 

accuracy of modeled impacts and to assess its overall impact on crop performance and drainage 

from a field. 

 

*Denotes primary author 
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Investigation of the Contribution of Snowmelt to Subsurface Drainage and Surface Runoff 

in a Quebec Cropland  

 

Track: Modeling and Measuring the Water Balance 

 

Location: Cedar Rapids on 3rd Floor 

Time: 8:30 AM – 10:00 AM 

Authors: Ziwei Li (Mcgill Univeristy); Zhiming Qi (McGill Universty)*; Chandra Madramootoo 

(McGill university) 

 

Late winter / early spring has been recognized as a critical period for subsurface drainage and 

associated N and P losses in croplands in cold climate regions in North America and Europe due to 

the melt of snow cumulated across the winter as well as rainfall events occurring in the 

winter/spring period. Recent studies have shown that P loss under snowmelt runoff was higher 

than other precipitation events occurring during other times of the year. There are limited studies 

quantifying the contribution of snowmelt to subsurface drainage and surface runoff during spring. 

, despite the drastic difference in underlying particle detachment and transport process from 

rainfall. Climate change may be causing earlier snowmelt, which may substantially influence tile 

discharge and corresponding nutrient losses. This study aimed to investigate the contribution of 

snowmelt and winter/spring rainfall to tile discharge in cropland located in Southern Quebec, 

using the Root Zone Water Quality Model-SHAW (RZ-SHAW) model. The RZ-SHAW model was 

calibrated and validated against the measured snow depth, rainfall and tile drainage flow data 

from 2016 to 2022. The snowmelt and rainfall tile drainage contribution was separated based on 

the presence of rainfall events and the simulated snow cover outflow. 
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Development of a New Macropore Flow Model for DRAINMOD  

 

Track: Modeling and Measuring the Water Balance 

 

Location: Cedar Rapids on 3rd Floor 

Time: 8:30 AM – 10:00 AM 

Authors: Negar Sharifi-Mood*; Shiv Prasher; Ramesh Rudra; Tiequan Zhang 

 

Macropore flow travels rapidly through soil bypassing the soil matrix. In fields where subsurface 

drainage exists, it can transport water and pollutants to shallow groundwater and surface 

freshwater bodies quite rapidly. Recently, a simple approach was added to DRAINMOD to simulate 

macropore flow. The method assumes laminar flow through the pores and considers only 

continuous macropores that are above and vertically connected to subsurface drains. However, 

this simplified approach is not adequate to describe the hydrological processes in soils where 

macropores and cracks are in abundance. Thus, a new macropore flow model is currently being 

developed to be incorporated into DRAINMOD. It includes quantifying macropore size 

distributions, accounting for flow in dead-end macropores and considering both laminar and 

turbulent flows through macropores. The new model will be tested using measured data from a 

subsurface-drained corn-soybean rotations plots on a clay loam soil in southwestern Ontario. 

 

*Denotes primary author 
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Reduction of Nitrate Leaching and Threats to Surface Water under Conservation Tillage in 

an Edge of Field Monitoring at the Micro-Catchment Scales 

 

Track: Site Specific - Edge-of-Field and Other Conservation Drainage Practices for Water Quality - 

Controlled Damage  

 

Location: Council Bluffs on 3rd Floor 

 

Time: 8:30 AM – 10:00 AM 

 

Authors: Zouheir Massri (Michigan State University)*; Jeremiah Asher (Institute of Water Research 

- Michigan State University); Jason Piwarski (USDA-ARS) 

 

Tile drainage system removes excess sub-surface water from agricultural fields and improves the 

conditions of the soil system. However, nitrogen (N) in drained water proved to have a negative 

impact on the freshwater ecosystem by increasing the nitrate load. A combination of soil 

conditions with high amounts of precipitation is especially conducive to N-leaching. Therefore, soil 

health management systems, through improved soil functions, are essential to protect and 

enhance both groundwater and surface water quality. In our study, we have used an innovative 

approach in the coupling of an edge of field monitoring at the micro-catchment scales with 

healthy soils functions to learn, characterize, and assess the nitrogen fate. Two management 

practices of no-till (NT) vs conventional till (CT) under soybean-corn cropping system were set up in 

2019 in St. Johns, Michigan. 

 

In 2020, quantities of monthly cumulative N Load reported 9.6 kg/ha in the no-till (NT) field 

compared with 18.3 kg/ha in the conventional tillage (CT) field. Values of inorganic mineral 

determination of soil nitrate reported 2.9 ppm in the no-till (NT) compared with 4.7 in the 

conventional till (CT). Higher values of total soil carbon (C) and nitrogen (N) revealed 59.1 and N 

4.7 (g.kg-1), respectively, in the no-till (NT) compared with lower values of 43.1 and 3.7 (g.kg-1), 

respectively, in the conventional till (CT). To support the improvement of soil health parameters in 

the no-till field (NT) vs the conventional till (CT), a resin membrane technology was used to assess 

the temporized supply rates of nitrate dynamic in soil. Measurements of supply rate revealed 1.5 

of nitrate ppm a day in the no-till (NT) field vs 1.2 ppm a day in the conventional till (CT). Our 

preliminary results showed a significant reduction of the nitrate load and threats to surface water 

through the adoption of no-till management practices and soil health functions. 
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Impact of Controlled Drainage on Crop Yield Including Within-Field Variability  

 

Track: Site Specific - Edge-of-Field and Other Conservation Drainage Practices for Water Quality - 

Controlled Damage  

 

Location: Council Bluffs on 3rd Floor 

 

Time: 8:30 AM – 10:00 AM 

 

Authors: Amanda Baird (Purdue University); Jane R Frankenberger (Purdue University )*; Eileen 

Kladivko (Purdue University); Laura Bowling (Purdue University) 

 

Controlled drainage, the practice of using a water control structure to hold water in agricultural 

fields during periods when drainage is unnecessary, has the potential to increase crop yields. 

However, results from published studies have shown mixed impacts, and the effects of field 

characteristics and annual weather variation on these impacts are not well understood. To analyze 

the effect of controlled drainage on crop yield, site-specific yield data from two controlled and two 

free draining plots in eastern Indiana were compared. A grid system consisting of 10 by 10 meter 

cells was created to obtain a balanced data set and used to analyze crop yield by year, annual 

wetness classification, soil drainage class, and elevation. Results showed that controlled drainage 

significantly increased the corn yield in six out of nine years, and the nine-year corn yield average 

increased by 2.3%. Soybean yield was significantly higher under controlled drainage in three out of 

four years, but there was no significant difference in the four-year soybean average. Years were 

further classified by wet, normal, or dry based on growing season precipitation, and results 

indicated controlled drainage had the greatest significant impact on corn yield in the dry years. 

Analyzing yield by soil drainage class and elevation determined that the very poorly drained soils 

had the most significant response to controlled drainage, while the highest elevations (more than 

60 cm above the outlet) were more impacted than elevations closer to the outlet level. 
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Drainage Water Management in Ohio – Lessons Learned and Future Direction  

 

Track: Site Specific - Edge-of-Field and Other Conservation Drainage Practices for Water Quality - 

Controlled Damage  

 

Location: Council Bluffs on 3rd Floor 

 

Time: 8:30 AM – 10:00 AM 

 

Authors: Vinayak Shedekar (Ohio State University)*; Kevin King (USDA-ARS); Norman Fausey 

(USDA-ARS (Retired)); Barry Allred (USDA-ARS); Larry Brown (The Ohio State University) 

 

This work will review the 30+ years of research conducted in Ohio on drainage water management 

practices that include controlled drainage, subirrigation, and the wetland reservoir subirrigation 

(WRSIS) systems. We review the key findings from the historic research projects and sites, as well 

as some of the current research focused on drainage water management. We will highlight some 

of the lessons learned from these studies in the context of the Midwest region. Furthermore, we 

will provide summary of the future direction for the research on drainage water management and 

the linkage with the regional and international efforts. 
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Agricultural Water Management with Controlled Drainage and Subirrigation: Results from a 

Nordic Field in Level Terrain  

 

Track: Site Specific - Edge-of-Field and Other Conservation Drainage Practices for Water Quality - 

Controlled Damage  

 

Location: Council Bluffs on 3rd Floor 

 

Time: 8:30 AM – 10:00 AM 

 

Authors: Minna J Mäkelä (Finnish Field Drainage Association)*; Helena Äijö (Finnish Field Drainage 

Association); Markus Sikkilä (Maveplan Oy); Jyrki Nurminen (Field Drainage Research Association); 

Heidi Salo (Aalto University, Department of Built Environment); Aleksi Salla (Aalto University, 

Department of Built Environment); Merja Myllys (Natural Resources Institute Finland); Harri 

Koivusalo (Aalto University, Department of Built Environment) 

 

The effect of controlled drainage and subirrigation on agricultural productivity, greenhouse gas 

emissions, and nutrient load was investigated in Sievi, Finland. The experimental site consisted of 

a plot with controlled drainage, which also receives subirrigation, and a reference plot with 

conventional drainage, each approx. 1 ha. Drainage pipes are installed at a depth of 1 m and 

spacing of 15 m. Texture of the soil varies between loam and sandy loam and the average slope is 

less than 0.2 %. 

 

Groundwater level was measured by hand and automatically. Drain discharge and rainfall were 

measured automatically. Dry matter, P and N contents were determined from composite samples 

taken relative to the amount of discharge. Yield was observed in twelve replicates in both 

experimental plots. Emissions of CO2 and N2O were measured with the static chamber method. 

Rye, barley, and a perennial grass were grown on the plots in 2019-2021. The outlet of the 

controlled drainage was set to 0.5 m below soil surface. The controlled drainage plot was sub-

irrigated by pumping water from a nearby river into the drain system. 

 

Controlled drainage combined with subirrigation was able to maintain groundwater level on 

average 9 cm higher compared to conventional but could not maintain it above drainage depth 

during dry periods. Drainage discharge was 50-120 mm/y smaller on the controlled drainage plot, 

not accounting for the added discharge caused by irrigation. Quality of discharge was similar in 

both plots, except for 33-80 % lower N concentration on the controlled plot in autumn 2020-21. 

Yield was increased 2-6 % in the controlled plot. Preliminary results on emissions show no 

difference between experimental plots. The results suggest that subirrigation paired with 

controlled drainage can be used to maintain higher groundwater level and ensure water 

availability to crops, but it must be started early, and the water must be introduced at low 

intensity so that it is absorbed into the soil. 
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Threading the Needle: Getting Conservation Practices in Place  

 

Track: Soils - Barriers to Edge-of-Field and Other Conservation Drainage Practice Implementation 

 

Location: Davenport on 3rd Floor 

 

Time: 8:30 AM – 10:00 AM 

 

Authors: Chuck Brandel (ISG)* 

 

Even the most thought-out and supported conservation drainage practice plans face challenges, 

and a number of variables create bumps along the way changing the trajectory of the project. 

When coordinating with local, state, and federal regulatory agencies, agricultural landowners, and 

other stakeholders, the most well-intentioned plans can be stalled due to site eligibility, funding 

restrictions, or landowner agreement. 

 

By understanding common barriers facing conservation projects, attendees will gain practical 

solutions to mitigate obstacles as they arise. ISG will provide an overview of the five categories of 

barriers most commonly shown to slow or even derail the implementation of conservation 

practice projects, including landowner consensus, funding restrictions, regulatory bureaucracy, 

technical site conditions, and cost-benefit. With over 50 years of agricultural drainage experience 

in the Upper Midwest, America’s breadbasket region of soybean, corn, and wheat production, our 

team of presenters have a comprehensive understanding of public drainage and conservation 

issues. Presenters will discuss lessons learned from the field and outline ways to find the nexus 

point between different barriers to achieve conservation practice implementation. 
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Implementation of Edge-of-Field Practices in the Southfork Watershed in Central Iowa: 

Perspectives from a Farmer  

 

Track: Soils - Barriers to Edge-of-Field and Other Conservation Drainage Practice Implementation 

 

Location: Davenport on 3rd Floor 

 

Time: 8:30 AM – 10:00 AM 

 

Authors: Jacob Bolson (Beaver Creek Food & Fibre); Maggie Norton (Iowa State University)* 

 

Farmer and Southfork Watershed Alliance (SFWA) member, Jacob Bolson, has helped install 

various edge-of-field practices, such as bioreactors and saturated buffers, on rented and family-

owned farm land in North Central Iowa. In this session, Jacob will outline his experience working 

with family members and an out-of-state landowner to implement edge-of-field practices. He will 

also share his perspective on headwinds that need to be addressed in order to achieve broader 

stakeholder acceptance and implementation of edge-of-field practices. The Southfork Watershed 

Alliance (SFWA) was the first farmer-led watershed conservation group formed in the state of Iowa 

and is also the longest running. The focus of the Alliance is to improve and enhance the current 

environmental and water quality status within the watershed of the South Fork of the Iowa River. 

Together with Tipton and Beaver Creek, the South Fork drains approximately 200,000 acres in 

Hardin, Hamilton, Franklin and Wright counties. 
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Batch and Build: A Case Study in Alternative Practice Delivery to Address Barriers and 

Increase Adoption  

 

Track: Soils - Barriers to Edge-of-Field and Other Conservation Drainage Practice Implementation 

 

Location: Davenport on 3rd Floor 

 

Time: 8:30 AM – 10:00 AM 

 

Authors: Keegan J Kult (Ag Drainage Management Coalition)* 

 

There are many barriers to adoption of conservation drainage practices that are identified as 

reasons why adoption rates have remained low even though there are proven environmental 

benefits. The Batch and Build process, which originated in Polk County, IA, took a bold approach to 

address the stakeholder barriers to increase adoption rates to scales that can reach watershed 

goals. 

 

This talk will walk through the original Batch and Build process and discuss key findings. It will also 

discuss the path moving forward to replicate success not only in Iowa, but across the tile drained 

landscape. 

 

The Polk County Saturated Buffer Project formed a partnership in 2020 and created the Batch and 

Build framework to move on from demonstration projects and transition to scalable 

implementation. Project leadership utilized prior experiences to develop a framework they 

thought would give the project the highest likelihood of success. That framework included the 

following key elements: 

 

 Prioritize watersheds for outreach that had a high occurrence of ACPF identified saturated 

buffer sites 

 Incentivize participation by matching funding sources to provide 100% cost share plus a 

temporary construction easement 

 Recruit landowners/farmers to install multiple sites instead of just a single site 

 Rely on leadership to streamline the process for landowners 

 Bundle the sites together for design and create multiple landowner bid-packages for 

contractors 

 

The results were 51 saturated buffers and bioreactors installed in the summer of 2021 at an 

estimated savings of $115,000 when compared to traditional delivery methods. Direct landowner 

outreach and the use of a fiscal agent to bundle bid packages were the key to gain efficiencies to 

improve practice delivery. Iowa is currently replicating the Batch and Build method across the 

state at a pace that will be delivering 200-300 sites a year. The next step is to identify what is 

needed to deliver 1,000's of sites a year. 

 

*Denotes primary author 
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Expanding Opportunities for Targeted Water Quality Wetlands in Iowa  

 

Track: Soils - Barriers to Edge-of-Field and Other Conservation Drainage Practice Implementation 

 

Location: Davenport on 3rd Floor 

 

Time: 8:30 AM – 10:00 AM 

 

Authors: Matt Lechtenberg (IDALS)*; Shane A Wulf (Iowa Department of Agriculture and Land 

Stewardship); Matthew Helmers (Iowa State University) 

 

Water quality wetlands are proven effective for reducing nitrogen loss from cropland making the 

practice a vital component in advancing the Iowa Nutrient Reduction Strategy. In recent years, the 

Iowa Department of Agriculture and Land Stewardship, along with multiple stakeholders have 

worked to expand and develop new mechanisms for deploying water quality wetlands in Iowa. By 

bringing in new partners, additional financial resources, and working in new landscape positions, 

more opportunities are being created for these types of restorations. However, as with any new 

opportunity challenges (both anticipated and unanticipated) must be worked through in order to 

understand the true potential of expanding wetlands on the landscape. 
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Climate Change, Agricultural Drainage and Water Storage in Minnesota   

 

Track: Climate Resilience and Drainage 

 

Location: Cedar Rapids on 3rd Floor 

 

Time: 10:30 AM – 12:00 PM 

 

Authors: Joe Magner (University of Minnesota)*; Gary Sands (University of Minnesota); John Kolb 

(Rinke Noonan Law Firm) 

 

In Minnesota, group and individual drainage activities are governed by the State’s drainage code. 

Minnesota (MN) Statutes Chapter 103E and common law-recognized reasonable use. There are 

many facets addressed in the law, but one that is raising concern for a variety of folks today is the 

issue of “adequate outlet”, the downstream, receiving water bodies and courses. For old drainage 

systems installed decades ago, few really questioned outlet adequacy. Today, however, bank 

stability, sedimentation, nutrient transport, and the impacts of drainage on a receiving waters’ 

aquatic life and water quality are of greater concern based on data gathered mostly by the MN 

Pollution Control Agency (MPCA). Given a relatively young glacial landscape, southern MN has 

been drained via ditches and subsurface pipe which have increased discharge rates and volumes 

over pre-settlement conditions. Sediment and nutrients have been transferred downstream 

impacting the environmental and ecological integrity of streams and rivers. The MPCA defines this 

aquatic stress as “altered drainage” in their Watershed Restoration and Protection Strategy plans. 

Plans have been written to restore the water quality of many southern MN streams and rivers by 

calling for more water storage. 

 

This creates a problem for landowners who have noted an increase in precipitation over the last 

and wettest decade in MN history. Many landowners see a need to improve drainage to keep their 

cropland viable. Systems require maintenance, but many systems are undersized today and 

require enlargement or improvements. Under MN drainage code, an improvement requires a set 

of legal actions by a petitioner to implement the drainage improvement, including consideration 

of several environmental factors and outlet adequacy. Given a wetter climate and an increased 

concern for resource sustainability and improvement, can Minnesotans find solutions to store 

excess water and manage cropland that requires drainage to be viable? 
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The Frontier of Drainage Water Recycling  

 

Track: Climate Resilience and Drainage 

 

Location: Cedar Rapids on 3rd Floor 

 

Time: 10:30 AM – 12:00 PM 

 

Authors: Chris Hay (Iowa Soybean Association)*; Benjamin Reinhart (Purdue University); Jane R 

Frankenberger (Purdue University ); Matthew Helmers (Iowa State University); Xinhua Jia (North 

Dakota State University); Kelly Nelson (University of Missouri); Mohamed Youssef (North Carolina 

State University) 

 

Drainage water recycling (DWR) is an emerging practice that captures and stores subsurface 

drainage water for reuse as supplemental irrigation. DWR has promising potential for increasing 

the productivity and resiliency of crop production in subsurface drained areas. DWR can also 

reduce nutrient and other pollutant loads from subsurface drainage by capturing and recycling 

drainage water that would otherwise be released downstream. Depending on system design and 

management, DWR can provide other co-benefits as well. The Transforming Drainage project 

synthesized 53 site-years of data on corn yield response to DWR in the US Midwest. DWR had 28% 

less yield variability than free drainage and had greater yield response in years with low to normal 

precipitation during the V9 to R2 growth stages. The project also reviewed what is known about 

DWR and identified research needs to advance the practice within the categories of (1) hydrology 

of DWR systems, (2) crop yield benefits, (3) water quality benefits, (4) complementary benefits, and 

(5) implementation and management considerations. Results will be presented from both the 

yield synthesis and the review and identification of research needs. DWR has the potential to 

transform crop production on drained lands, which are some of the most productive in the world, 

to create more resilient and sustainable cropping systems. 
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The Effect of Drainage Water Recycling on Corn and Soybean Yields and Water Conservation 

for a Drained Field in Eastern North Carolina  

 

Track: Climate Resilience and Drainage 

 

Location: Cedar Rapids on 3rd Floor 

 

Time: 10:30 AM – 12:00 PM 

 

Authors: Hossam Moursi (North Carolina State University)*; Mohamed Youssef (North Carolina 

State University); Chad A Poole (NC State University) 

 

The main objective of this study was to quantify the effect of Drainage water recycling (DWR) on 

corn and soybean yields for a research site in eastern North Carolina during 4 growing seasons 

(2018-2021) of a wide range of weather conditions. Two treatments were implemented at the 

study site: DWR and control treatment (CT). The CT treatment was a non-irrigated field that was 

primarily drained by a surface drainage system. The DWR treatment had a subsurface drainage 

system that was used to drain the field during the wet periods of the growing season and sub-

irrigated it during dry periods. A reservoir (surface area= 3840 m2, maximum depth = 2.51 m) was 

used to collect surface runoff and subsurface drainage from the field and sub-irrigate the DWR 

treatment. A corn-soybean rotation was implemented for the two treatments. Results showed that 

the DWR reservoir stored enough water to meet irrigation requirements in 3 of the 4 growing 

seasons and provided 5 to 73 mm of irrigation to the DWR treatment (11.48 ha). Subirrigation of 

the DWR treatment raised the groundwater table by an average of 15 cm. The shallower water 

table at the DWR treatment increased the upward movement of soil water by the capillary rise 

replenishing water in the plant root zone to meet crop evapotranspiration demand. DWR 

increased corn and soybean yields in all four growing seasons, compared to the CT treatment. 

DWR increased corn yields by 0.39 and 0.90 Mg ha-1 (3 and 79%) and soybean yields by 0.40 and 

0.66 Mg ha-1 (12 and 34%). Higher yield benefits were attained for the years with low precipitation 

by providing irrigation during the critical crop growth stages. In addition, the smart drainage water 

management system implemented at the DWR treatment reduced water outflow from the field by 

an average of 13 mm (9%). The amounts of nitrogen and phosphorous recycled back to the DWR 

treatment through irrigation were not large enough to reduce fertilizer application rate. 
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Effect of Vegetative Filter Strips on Sediment Deposition in Drainage Ditches in Littoral 

Zone of Lake Sainte-Pierre in Quebec, Canada   

 

Track: Site Specific - Edge-of-Field and Other Conservation Drainage Practices for Water Quality - 

Ditches 

 

Location: Council Bluffs on 3rd Floor 

 

Time: 10:30 AM – 12:00 PM 

 

Authors: Zhiming Qi (McGill Universty)*; Birkhoff Li (McGill University); Monique Poulin (Université 

Laval); Shiv Prasher (McGill University) 

 

Agricultural drainage ditches tend to be clogged due to sedimentation in the littoral area of Lac 

Saint-Pierre (LSP), South-Eastern Canada, where water flows at a low velocity and spring flooding 

frequently occurs. Dredging is required every 5 to 8 years, and it poses a significant economic 

burden to producers of agricultural sector. The general goal of this research is to develop 

drainage management strategies to reduce ditch sediment deposition. We hypothesis that 

vegetative buffer strips along drainage ditches would reduce sedimentation and improve soil and 

water quality in the ditches. Three sites were established in the LSP littoral area near ST Cuthbert, 

Yamachiche, and Baie-du-Febvre, in November 2019, and for each site three ditches were dredged 

and 0, 2-m, and 4-m vegetative filter strips were established. Four rounds of measurement of the 

cross-sections were conducted at a 20-m interval of all ditches using an electronic total station 

(manual) in 2019-2021 to calculate sediment accumulation in drainage ditches. In addition, the 

ditches were scanned using a LiDAR, mounted below an Unmaned Aviation Vehicle (UAV), once a 

year to get a higher resolution of sediment accumulations. Soil and water samples from the 

ditches were collected in fall 2020 and 2021. In general, the results suggest no significant 

difference in sediment deposition during these monitoring periods. However, in different years, 

the results show reverse effect: in 2020, both total station survey and LiDAR scan showed ditch 

volume decrease (sediment deposition), but no significant difference among treatments 

(vegetative filter strip width of 0, 2, and 4m) in the total station survey (though lower sediment 

deposition for wider buffer strip); LiDAR scan showed significantly more deposition under 0-m 

strip than 2 and 4 m. In 2021, data (completed in mid-Nov, under processing) showed a reverse 

trend of ditch volume decrease (sediment loss). Soil and water quality data is under processing. 
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Seasonal and Annual Nutrient Removal from Agricultural Drainage Ditches Using Low-

Grade Weirs  

 

Track: Site Specific - Edge-of-Field and Other Conservation Drainage Practices for Water Quality - 

Ditches 

 

Location: Council Bluffs on 3rd Floor 

 

Time: 10:30 AM – 12:00 PM 

 

Authors: Andry Z Ranaivoson (University of Minnesota)* 

 

In order to improve productivity, extensive agricultural areas in the Midwest require artificial 

drainage systems consisting of subsurface drainage (tile) and open ditches. These drainage 

systems are known to transport particulate and dissolved phosphorus, nitrate-nitrogen, and 

sediment to streams and rivers. The objective of this research was to measure the seasonal 

variability of nitrogen and phosphorus removal from experimental drainage ditches with and 

without low-grade-weirs in a cold climate. This field research took place in the Cottonwood River 

Watershed at the University of Minnesota, Southwest Research and Outreach Center near 

Lamberton, MN. The site included a paired drainage ditches equipped with H-flumes and water 

level sensors for determination of discharge and flow rates along with automated samplers for 

collecting water to quantify water quality parameters. Monthly and annual precipitation 

influenced ditch discharge and nutrients loads. On average, ditch management between 2017 and 

2020 resulted in a 55% reduction in discharge from the ditch with the low-grade weir compared to 

the ditch without the low-grade weir. The ditch containing the low-grade weir resulted in nitrate-

nitrogen and dissolved reactive phosphorus load reductions of 62% and 63%, respectively, over 

the four years. Flow weighted nitrate-nitrogen concentration was reduced by 51% whereas flow 

weighted dissolved reactive phosphorus concentration was reduced by only 6%. Minimally 

invasive ditch management has the potential to mitigate nutrient fluxes from agricultural drainage 

and runoff without impacting drainage system operation. 
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Oxbows and Drainageways as New Tile Drainage Edge-of-Field Practice Opportunities  

 

Track: Site Specific - Edge-of-Field and Other Conservation Drainage Practices for Water Quality - 

Ditches 

 

Location: Council Bluffs on 3rd Floor 

 

Time: 10:30 AM – 12:00 PM 

 

Authors: Keith Schilling (Iowa Geological Survey)*; Matthew Streeter (University of Iowa); sophie 

Pierce (University of Iowa) 

 

Efforts to reduce nutrient export from agricultural crop production in the U.S. Midwest are leading 

to development of new conservation practices to reduce tile drainage export. New research in 

Iowa is focused on using floodplain oxbows and drainageways as locations for nitrate-nitrogen 

treatment. Floodplain oxbows have been excavated and configured to receive tile drainage and 

monitoring indicates that these systems are capable of reducing nitrate concentrations and loads 

delivered via tile drainage, groundwater seepage, and overbank flooding. Since oxbows have 

additional ecosystem value for fish and wildlife, the new practice was termed a multipurpose 

oxbow. Multipurpose oxbows can process tile drainage delivered from a typical agricultural field 

of 8 to 32 ha and can have an expected nitrate reduction of 42 ± 6%. In the dissected glacial 

landscape of the Corn Belt, tile-drained grass waterways are commonly found in drainageways 

that contain saturated, fine-textured and nutrient rich alluvial soils. New research is showing that 

these drainageways are capable of reducing groundwater nitrate delivered from upland cropped 

fields. A new practice, called a saturated waterway, reconnects upland groundwater to the 

organic-rich drainageway deposits for nitrate reduction. Tile drains found in the waterways are 

managed using a gate system to encourage flow into the waterway soils for treatment. Both 

oxbows and waterways are ideal locations to achieve additional edge-of-filed treatment of tile 

drainage nitrate in agricultural areas. 
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Seepage Considerations in Drainage Canal Design for Groundwater Quality   

 

Track: Site Specific - Edge-of-Field and Other Conservation Drainage Practices for Water Quality - 

Ditches 

 

Location: Council Bluffs on 3rd Floor 

 

Time: 10:30 AM – 12:00 PM 

 

Authors: Robert C Bruhn (University of Illinois Urbana-Champaign)*; Richard Cooke (University of 

Illinois) 

 

Drainage networks commonly include open, unlined earthen canals to carry water away from 

agricultural operations. Drainage water can contain pollutants including pesticides, fertilizers, and 

pathogens. Soluble contaminants, such as nitrate, may seep down to a shallow underlying aquifer. 

Thus, the rate of seepage from drainage canals may be an important design consideration. 

Seepage rates from these canals depend on the saturated hydraulic conductivity of the 

surrounding soil and the head differential between water in the canal and the groundwater table. 

One factor which affects the head differential is the divergence of streamlines from a water source 

of small areal extent (canal) to a sink of large areal extent (groundwater table). Analytical design 

methods such as Hooghoudt’s and its derivatives do account for the divergence of streamlines. 

However, they consider just two shapes – semicircular tile drains, or rectangular canals – and may 

not adequately account for any other shape. 

 

Semicircular, rectangular, trapezoidal, parabolic, and triangular canal cross sections were 

modelled in HYDRUS 2D/3D to characterize the effect of cross section shape to seepage rate. 

Saturated hydraulic conductivity and location of the groundwater table were held constant for all 

simulations. Canal depth, surface width, cross section area, and wetted perimeter were each held 

constant in turn for simulation sets. When hydraulic radius was held constant, canal depth had the 

most significant influence on seepage, and vice versa. Independent of the above parameters, the 

shape was found to change the seepage rate. This agrees with previous work which investigated 

canal shape effects on seepage using resistance network analogs. Preliminary results of the 

present work indicate, from high to low seepage: semicircular, triangular, rectangular, trapezoidal, 

parabolic. The conformal mapping used to derive Hooghoudt’s effective depth parameter was 

reexamined for several cross sections. 
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Consistent Fertilizer Application Increased Corn Yields Without Change in Nitrate Export   

 

Track: Soils - Water Quality and Drainage - Soil Interaction 

 

Location: Davenport on 3rd Floor 

 

Time: 10:30 AM – 12:00 PM 

 

Authors: Chelsea C Clifford (Iowa State University)*; Matthew Helmers (Iowa State University) 

 

Iowa’s corn yield rates have increased steadily over the decades, concurrently with application 

rates of nitrogen-based fertilizers. One might suppose that increases in yield required greater 

corn consumption of nitrogen, enabled through that fertilizer increase, and that that increased 

uptake would in turn reduce surplus nitrate drained into Iowa streams. However, experimental 

results from the Agricultural Drainage Water Research and Demonstration Site in Gilmore City, 

Iowa suggest otherwise. This experiment includes eight 0.05 ha plots in corn-soybean rotation, 

half in each crop each year, which we have fertilized at roughly the same rate for decades, 150 

lb./ac. in 1990-1993 and since 2000, and 160 lb./ac. 1994-1999. While Iowa’s corn yield has 

increased on average 2.50 bu./ac. per year from 1990 to 2020, these experimental plots have 

yielded an average of 2.16 bu./ac. more per year in that same time period, despite no concurrent 

increase in fertilizer. The slightly higher rate of increase observed statewide compared to in our 

plots is not statistically significantly different, and could as likely result from the subset of 

environmental conditions at our site as from differences in fertilizing. Meanwhile, the 

concentration and load of nitrate draining from our consistently fertilized plots has not 

significantly changed, only increased slightly, in those 31 years. The only substantial changes we’ve 

observed are higher loads in wetter years, with precipitation accounting for 39% of variation in 

nitrate loads. So, increases in corn yield alone did not decrease drainage nitrate export, even while 

controlling for effects of changes in fertilizer application rate. While spatially limited, this 

experiment suggests that increased corn yields observed in recent decades neither required 

increased fertilizer application nor reduced corn’s contribution to aquatic nitrate excesses. 
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Improving Ecohydrological Simulations by Incorporating Accurate Tile Drainage and 

Fertilizer Application Rate Data: A Case Study of Central Iowa   

 

Track: Soils - Water Quality and Drainage - Soil Interaction 

 

Location: Davenport on 3rd Floor 

 

Time: 10:30 AM – 12:00 PM 

 

Authors: Tássia Brighenti (CARD, Iowa State University); Philip W Gassman (CARD, Iowa State 

University)*; Jan Thompson (Iowa State University) 

 

Interest is intensifying on developing sustainable food production (e.g., Iowa Urban Food, Energy 

and Water Systems (UrbanFEWS) Nexus: https://doi.org/10.3389/fdata.2021.662186). The “Corn 

Belt” region is an important agricultural area in the central United States; however, extensive land 

alterations have generated natural landscape loss, water pollution and other environmental 

problems. In addition, production of fruit and vegetables (“table food”) is lacking in the region. 

Iowa UrbanFEWS is focused on development of Table Food cropping systems in the Des Moines 

metropolitan area including evaluation of multi-media impacts using an integrated modeling 

system. Ecohydrological modeling is a key component of the modeling system, which provides 

comparisons of hydrologic and water quality impacts between row crop and table food cropping 

systems. The Soil and Water Assessment Tool (SWAT) ecohydrological model and is being used in 

Iowa UrbanFEWS to simulate three basins that intersect the study domain: Des Moines River Basin 

(DMRB), South Skunk River Basin (SSRB), and North Skunk River Basin (NSRB). These basins are 

dominated by agriculture (up to 85% of land sue) and are characterized by dense tile drained 

networks in some subareas and intensive use of fertilizers on cropland landscapes. The SWAT 

model was applied using a framework consisting of the Hydrologic and Water Quality System 

(HAWQS) online platform, multi-site streamflow evaluation, accurate tile drainage information, 

and fertilizer management data. The results revealed that careful selection of management data is 

essential for obtaining the most accurate representation of baseline conditions for the simulated 

stream systems. The addition of refined tile drain information and proper fertilizer application 

improved SWAT model performance in 70% (28 out of 40) of the monitoring gauges analyzed 

(automatic model calibration can mask the use of inaccurate management data). 
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Characterization and Identification of Microbial Communities in Agricultural Drainage 

Ditches   

 

Track: Soils - Water Quality and Drainage - Soil Interaction 

 

Location: Davenport on 3rd Floor 

 

Time: 10:30 AM – 12:00 PM 

 

Authors: Hao Wang (University of Minnesota)*; Andry Z Ranaivoson (University of Minnesota); 

Satoshi Ishii (University of Minnesota); Jeffrey Strock (University of Minnesota) 

 

Drainage systems in the Midwest including subsurface (tile) drainage and open ditches are known 

to transport inorganic nutrients such as nitrate and phosphorus to streams and rivers. Low-grade 

weirs installed in open ditches can increase hydraulic residence time (HRT), thereby enhancing 

denitrification activities. In this study, we analyzed the microbial community composition and 

function in drainage ditches with and without low-grade weirs. We also isolated cold-adapted 

denitrifiers from the drainage ditches. The field site was located in the Cottonwood River 

Watershed, Southwest Research and Outreach Center near Lamberton, MN. Sediment samples 

were collected from the drainage ditches throughout 2020 and 2021. Total DNA was extracted 

from ditch sediment and was used for microbial community analysis. In addition, various N cycle 

associated genes were quantified using a high-throughput gene quantification tool called the 

Nitrogen Cycle Evaluation (NiCE) chip. For denitrifying bacteria isolated from the ditch sediment, 

denitrification rates at low temperature (10C) were measured to select cold-adapted denitrifiers 

that can be used for bioaugmentation application. 16S rRNA gene amplicon sequencing results 

indicate there is a shift in the composition of the microbial community from the ditch inlet to the 

ditch outlet. Common genera of the isolated strains include Pseudomonas, Clostridium, and 

Cryobacterium. The denitrification test for the bacterial isolates shows that most of the isolates 

can reduce nitrate and some of them can convert nitrate to nitrogen gas under low temperature. 

 

*Denotes primary author 
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Management of Drainage Water in the Holland Marsh of Ontario for Environmental and 

Agronomic Benefits 

 

Track: Water Quality and Drainage 

 

Location: Dubuque on 3rd Floor 

 

Time: 10:30 AM – 12:00 PM 

 

Authors: Chandra Madramootoo (McGill University)* 

 

The Holland Marsh of Ontario, Canada, is a low lying intensively cultivated organic soil region of 

8500 hectares, draining to Lake Simcoe. The main crops grown are carrots, celery, onions and 

salad crops. Subsurface drainage is essential for crop production, given the naturally wet 

conditions of these organic soils. Water table control is also important to prevent oxidation of the 

organic soils and to meet crop-water requirements during the growing season. The Marsh is 

dyked and farmland drainage for the Marsh is achieved by a pumping station. The drainage water 

contains excessive nitrogen (N) and phosphorus (P), which is a source of algal blooms in Lake 

Simcoe. The Lake Simcoe Conservation Authority has established a P reduction strategy. Managing 

the drainage water from the Holland Marsh is critical to achieving the strategy. Based on field 

measurements, modelling, and long-term observations of pump discharges and P loads, we 

discuss how water table management at the field scale combined with an improved basin 

drainage pumping strategy can potentially reduce P loads entering Lake Simcoe and still meet 

agronomic objectives. 

 

*Denotes primary author 
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Coordinated Site Network for Studying the Impacts of 4R Nutrient Management on Crop 

Production and Nutrient Loss    

 

Track: Water Quality and Drainage 

 

Location: Dubuque on 3rd Floor 

 

Time: 10:30 AM – 12:00 PM 

 

Authors: Matthew Helmers (Iowa State University)* 

  

Launched in October 2017, the 4R NutriNet project linked eight agricultural field research site 

teams to study the impacts of 4R nutrient management practices and other advanced soil and 

crop management practices on crop productivity and nutrient losses in corn-based systems. 

Researchers across the North American Corn Belt – from five universities, two government 

research units, and a non-profit organization – compared agronomic and environmental 

performance of current “farmer practice” to advanced systems, aiming to minimize environmental 

losses and maintain or enhance soil health and yield. This work leverages past investments in 

replicated subsurface drainage systems. Tile drains at these sites have been instrumented to 

monitor NO3-N losses and other nutrients in drainage water. Crop yield, nutrient uptake, soil 

characteristics and N losses to the air were measured utilizing standard protocols. This project has 

filled previous key research gaps by co-monitoring multiple production and environmental 

outcomes at each site and with close coordination among teams to generate standardized fully 

documented results. Management practices did not affect corn or soybean yield for 2018, 2019, 

and 2020, while advanced 4R practices reduced nitrate (NO3) losses to surface waters by an 

average of 5 lb N/acre/year. Treatments with lower N balances (Nadd - Nharvest) reduced N losses 

to the environment. Practices most likely to reduce N losses included enhanced-efficiency 

fertilizers and cover crops. To our knowledge, this research is the first to measure multiple 

pathways and forms of N loss (e.g., NO3, N2O, NH3) across multiple sites. The ratio of loss 

attributed to each form of N differed by site and year, which reveals that site-specific mitigation 

strategies may be necessary. Data from this project can be used to evaluate the models and tools 

currently under consideration for use in estimating climate change mitigation following 

implementation of “climate smart” practices. 

 

*Denotes primary author 
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Beneficial Practices for Soil and Water Management in Undulating Soils in Southwestern 

Manitoba, Canada: A Research and Demonstration Project   

 

Track: Water Quality and Drainage 

 

Location: Dubuque on 3rd Floor 

 

Time: 10:30 AM – 12:00 PM 

 

Authors: David A Whetter (AgriEarth Consulting Ltd.)*; Bruce Shewfelt (PBS Water Engineering 

Ltd.) 

 

A commercial field and plot-scale applied research and demonstration site has been established 

at Hartney, Manitoba, Canada to evaluate beneficial management practices (BMPs) for soil and 

water management in undulating soils in southwestern Manitoba. A major focus of this project is 

developing an improved understanding of tile drainage, and associated soil health and water 

quality, in the variable landscapes and cold climate conditions of this region of the Canadian 

Prairies. 

 

Overall objectives of the project include: 1) improving the understanding of BMPs to reduce 

impacts from excess water and salinity, improve drought resilience, and limit effects to water 

quality from nutrient and salt export, and 2) establish a research and demonstration site to 

support transfer of knowledge to industry on practical and effective BMPs to reduce productivity 

limitations, improve economic returns, and improve operational and environmental sustainability. 

The research and demonstration site was established in 2021 following baseline condition 

inventory and drainage design. The site includes paired tile drainage research plots with contour 

drainage to evaluate the effect of landscape position, from lower to upper, on drainage 

effectiveness. Water table, soil moisture, and tile drainage discharge are being monitored across 

discrete landscape positions. An overview of the site and baseline conditions will be presented, 

along with preliminary monitoring data. Activities planned for 2022 consist of environmental 

monitoring, including tile discharge flow and water quality by landscape position, mathematical 

modelling using DRAIMOD-S to evaluate long-term impacts, and installation of edge-of-field 

treatments consisting of a constructed wetland and phosphorus retention structure. 

This project is supported by the Manitoba Crop Alliance, Manitoba Canola Growers, Manitoba 

Pulse & Soybean Growers, and the Canadian Agricultural Partnership – Ag Action Manitoba 

program. 
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The Long-Term Results of the Agricultural Runoff Monitoring Programme in Latvia  

 

Track: Water Quality and Drainage 

 

Location: Dubuque on 3rd Floor 

 

Time: 10:30 AM – 12:00 PM 

 

Authors: Ainis Lagzdins (Latvia University of Life Sciences and Technologies)* 

 

The Agricultural Runoff Monitoring Programme has been implemented in Latvia since 1995 until 

present. Water quality monitoring activities along with hydrological measurements are carried out 

at subsequent spatial scales including groundwater (20 wells), experimental plots (1 site with 16 

plots), subsurface drainage fields (6 sites), small catchments (10 sites), small and medium size 

rivers (23 sites). The main objective of the programme is to document and assess the current 

status and long-term changes in nitrogen concentrations and losses as affected by natural and 

anthropogenic factors. 

 

Water samples are collected on a monthly basis using a grab sampling approach or composite 

flow proportional sampling where discharge measurement structures and data loggers are 

installed. Water samples are analyzed for nitrate – nitrogen (NO3-N) according to the national 

standards. 

 

The study results show a large variation in NO3-N concentrations among the spatial scales of 

monitoring with the lowest mean annual concentrations in groundwater (below 1.0 mg l-1) and 

the highest in the discharge from subsurface drainage fields and experimental plots (over 7.0 mg 

l-1). Overall, NO3-N concentrations follow the patterns of discharge having the highest 

concentrations during high flow conditions in winter and spring, while the lowest concentrations 

during low or no flow conditions in summer and autumn. These patterns highlights the great 

importance of subsurface and surface drainage systems, which act as pathways for transport of 

excess water and soluble forms of nitrogen from agricultural fields to surface waters. 

It is essential to continue activities within the Agricultural Runoff Monitoring Programme also in 

the future, especially in the light of need to quantify changes in water quality as related to 

implementation of the Farm to Fork strategy aiming to reduce the use of fertilisers by at least 20% 

and nutrient losses by at least 50% by 2030. 

 

*Denotes primary author 
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Soil Health and Drainage Water and Nutrient Losses  

 

Track: Site Specific - Edge-of-Field and Other Conservation Drainage Practices for Water Quality - 

Field Scale 

 

Location: Cedar Rapids on 3rd Floor 

 

Time: 1:30 PM – 3:00 PM 

 

Authors: Vinayak Shedekar (Ohio State University)*; Nathan Stoltzfus (The Ohio State University) 

 

This project explores co-benefits of long-term soil health practices (SHPs) and their potential 

impacts on water quality. Long-term, continuous, and integrated SHPs (e.g. no-till+crop 

rotation+cover crops) build healthy soils and are important element of sustainable 

agroecosystems. Few studies assess the effect of improved soil health on edge-of-field (EOF) water 

quality, i.e. nutrient and sediment loss. Those studies that have focused on both soil health and 

water quality have primarily considered the short-term effects of a single SHP. However, these 

studied systems are in fact “transitional” and measurement likely ceases before the systems 

become “mature” and manifest their full potential. We will present the preliminary findings based 

on 1.5 years of water quality monitoring using paired-field studies at three different locations in 

Ohio, USA. Each field is instrumented with flow monitoring to continuously monitor surface runoff 

and subsurface drain discharge, and automated water samplers. Water samples are analyzed for 

concentrations of analyze total nitrogen (TN), nitrate (N), total phosphorus (TP) and dissolved 

reactive phosphorus (DRP). Preliminary findings suggest that compared to “No SH” long-term soil 

health systems... (1) Generate less volume of water discharge through both tile and surface 

pathways, (2) Had lower DRP and TP losses per acre, despite greater DRP and TP concentrations in 

surface runoff, and (3) Had lower concentrations and losses of Nitrate per acre. Long-term 

monitoring of these sites is crucial for conclusive evidence on the efficacy of soil health practices. 

 

*Denotes primary author 
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Do Newly Drained Fields Need Revised Fertility Recommendations?    

 

Track: Site Specific - Edge-of-Field and Other Conservation Drainage Practices for Water Quality - 

Field Scale 

 

Location: Cedar Rapids on 3rd Floor 

 

Time: 1:30 PM – 3:00 PM 

 

Authors: Lindsay Pease (University of Minnesota Twin Cities)*; Anna Cates (University of 

Minnesota Twin Cities); Aaron Frankl (University of Minnesota Twin Cities); Kyle Sherbine 

(University of Minnesota Twin Cities) 

 

Installation of subsurface drainage systems is increasing in Northwest Minnesota alongside an 

increase in corn and soybean production in the region. Subsurface drainage improves aeration in 

the soil profile. This aeration not only improves crop growth, but also increases mineralization of 

soil organic matter (SOM) and reduces soil organic carbon stocks. Reducing SOM may be tolerable 

if aeration-induced gains in crop productivity and high rates of residue buoy SOM at a moderate 

level and maintain soil health in the long term. The objectives of this study were to quantify the 

mineralization of soil organic matter and to assess changes in nitrogen and carbon cycling during 

the first two years following subsurface drainage installation. Disentangling the potential loss or 

availability of organic nutrients due to SOM mineralization from the yield gain due to increased 

oxygenation is central to improving our ability to make fertilizer recommendations for recently 

drained fields. The results of this study allow us to interpret changes in nutrient cycling responses 

and make better fertilizer recommendations to those growing crops on newly drained fields. 

 

*Denotes primary author 
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Long Term Benefits of Controlled Drainage   

 

Track: Site Specific - Edge-of-Field and Other Conservation Drainage Practices for Water Quality - 

Field Scale 

 

Location: Cedar Rapids on 3rd Floor 

 

Time: 1:30 PM – 3:00 PM 

 

Authors: Chandra Madramootoo (McGill university)*; Kosoluchukwu Ekwunife (McGill University) 

 

Tile drainage is essential for crop production in Eastern Canada. Water table management and 

controlled drainage are of increasing interest for cereal and grain producers, especially in light of 

potential agronomic and environmental benefits. Based on data collected over the past 14 years 

at an intensive maize production site in southern Quebec, we found that controlled drainage has 

an overall positive effect on grain yield. In some years, depending on precipitation amounts and 

timing, nitrous oxide (N2O) fluxes under controlled drainage were greater than under 

conventional tile drainage. In other years, controlled drainage had 45% lower N2O emissions. 

Given that controlled drainage significantly reduced NO3-N contamination and tended to increase 

crop yield, it remains a beneficial management practice to be adopted in subsurface drained 

croplands. 

 

*Denotes primary author 
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There is No Such Thing as a Quick Fix: Travel Times to Subsurface Drains   

 

Track: Site Specific - Edge-of-Field and Other Conservation Drainage Practices for Water Quality - 

Field Scale 

 

Location: Cedar Rapids on 3rd Floor 

 

Time: 1:30 PM – 3:00 PM 

 

Authors: Eileen Kladivko (Purdue University)*; Laura Bowling (Purdue University) 

 

Subsurface “tile” drains are an important water management practice for many productive 

agricultural soils. But drains also deliver nitrate-nitrogen and other soluble chemicals from the 

bottom of the rootzone to surface ditches and streams. Many studies have focused on 

determining different ways to reduce delivery of nitrate and other chemicals to subsurface drains, 

while still providing for adequate drainage for crop production. One important consideration in 

such studies that is often overlooked is the response time of drainage outflow to changes in 

management at the soil surface. Drains integrate flow from distances immediately adjacent to the 

drain all the way to the midplane between parallel drains, which means changes in management 

will not be fully reflected in drainage waters until some time later, often months to several years, 

depending on the drainage intensity, soil characteristics, and precipitation. This bromide tracer 

study was conducted at the Southeast Purdue Agricultural Center (SEPAC) in Indiana, USA. 

Bromide tracer was applied at the beginning of the drainage season (November) at different 

distances from the drains on multiple plots of different drain spacings. Bromide concentration in 

the drainflow was monitored over the next five years to determine breakthrough curves and the 

amount of time required to completely flush the bromide from the system. Initial breakthrough of 

bromide occurred during the first appearance of drainage after application, regardless of the 

location of the bromide strip, suggesting some preferential flow was occurring. This was further 

investigated with comparison to curves of theoretical travel time for flow following Kirkham’s 

analytic solution for flow to a tile drain. The full transport of the bulk of the chemical took 2-3 

years, but varied greatly among the different treatments reflecting the longer travel times for 

locations further from the drain. 
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Modeling Drained Pothole Ponding Durations with SPAW Software  

 

Track: Soils - Drainage Tools and Modeling - Water Quality 

 

Location: Council Bluffs on 3rd Floor 

 

Time: 1:30 PM – 3:00 PM 

 

Authors: Donald D Etler (Bolton & Menk, Inc.)*; Jon Rosengren (Bolton & Menk, Inc.); Collin 

Klingbeil (Jacobson Westergard & Assoc, Inc.) 

 

The NRCS has two criteria for wetland hydrology, 1) the continuous undifferentiated presence of 

ponding and shallow groundwater for 10 percent of the growing season in 50% of the years, and 

2) for prairie potholes 7 continuous days of ponding during the growing season in 50% of the 

years. For previously drained potholes these two criteria necessitate analysis methods capable of 

separately determining the normal ponding duration and the subsequent normal groundwater 

drawdown period. 

 

The NRCS methodology for mapping wetlands relies upon using aerial photographs to locate 

wetland hydrology signatures. However, that subjective method is not reliable to justify denial of 

improved drainage of already hydrologically altered potholes. A better way to determine the 

presence of wetland hydrology in previously drained and continuously cropped prairie potholes is 

seriously needed if federal control of improved drainage of already drained land is to be justified. 

 

The NRCS supports SPAW – Soil, Plant, Air and Water software which can be used to model 

pothole ponding using daily weather records, soil and crop characteristics and water removal 

features. With the advent of LiDAR-derived ground elevation contours the application of this SPAW 

software becomes practical for use in modeling the surface water ponding duration of intake- and 

tile-drained regularly cropped potholes in drainage districts where records of the location, size 

and grade of drainage mains have been preserved. 

 

The authors will explain the adaptations of the inputs and the application of the SPAW software in 

their analyses. Determination of the runoff curve number for the normal 2-year storm will be 

explained. How runoff can be handled for a series of potholes and how subsurface drainage outlet 

capacities are determined and applied will be explained. The goal is to advance the science and 

promote the use of the SPAW software by engineers involved in the drainage of agricultural land. 

 

*Denotes primary author 
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XPSWMM and ICM Modeling: Leveraging Support for Water Quality Projects    

 

Track: Soils - Drainage Tools and Modeling - Water Quality 

 

Location: Council Bluffs on 3rd Floor 

 

Time: 1:30 PM – 3:00 PM 

 

Authors: Chuck Brandel (ISG)* 

 

As a leader in agricultural drainage in the Des Moines Lobe, ISG works on various agricultural 

drainage improvements for public systems. Per Minnesota state statute, public systems 

undergoing drainage improvements require analysis of hydraulic conditions to evaluate the 

effects to the system’s outlet and downstream waters. For years, ISG exclusively used XPSWMM to 

provide partners with accurate modeling and easy-to-understand outputs. Continually on the 

edge of new technology and progressive modeling, ISG is now leveraging ICM, a new modeling 

software with running efficiencies benefits. 

 

XPSWMM and ICM deliver simultaneous one-dimensional (1D) flow calculations (open channel, 

pipe flow, etc.) with two-dimensional (2D) flow calculations (floodplain, overland flow, etc.), which 

allows for an interactive surface and subsurface drainage model and better analysis of difficult 

hydrologic and hydraulic conditions. The 1D/2D modeling enables accurate flood extent 

comparisons of drainage improvements to provide clients with easy-to-grasp visuals that replace 

complicated graphs, charts, hydrographs, and explanations with clearer and more useful 

information. 

 

The power of XPSWMM and ICM can be leveraged to create win-win solutions for multipurpose 

drainage management. While landowners can be skeptical of implementing conservation 

practices, XPSWMM and ICM clearly show the added capacity and protection of downstream 

waters with water storage, enhanced infiltration and drainage capability with cover crop 

implementation, and increased channel stability when incorporating natural channel features to 

drainage systems. Over 20 watershed scale models have been developed in conjunction with 

drainage improvement projects in the upper Midwest, with a majority being implemented on the 

landscape. These practices demonstrate proven results into improved drainage and farmability 

while protecting downstream waters and water quality. 

 

*Denotes primary author 
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Assessment of the Macropore Component of RZWQM2 in Simulating Hourly Subsurface 

Drainage and Peaks  

 

Track: Soils - Drainage Tools and Modeling - Water Quality 

 

Location: Council Bluffs on 3rd Floor 

 

Time: 1:30 PM – 3:00 PM 

 

Authors: Changchi Xian (McGill University); Zhiming Qi (McGill Universty)*; Liwang Ma (USDA-ARS 

Rangeland Resources and Systems Research Unit); Matthew Sima (Princeton University); Matthew 

Helmers (Iowa State University); Tie-Quan Zhang (Agriculture Agri-Food Canada); Robert Malone 

(USDA-ARS); Quanxiao Fang (Qingdao Agricultural University) 

 

A solid understanding of preferential flow through soil macropores is critical to effectively 

managing subsurface drainage water quantity and quality in agricultural fields. The objective of 

this study is to assess the macropore component of Root Zone Water Quality Model (RZWQM2) in 

simulating subsurface tile flow with a high time resolution. Observed hourly tile flow rate from two 

experimental sites in Ontario, Canada (2008-2011) and Iowa, USA (2007-2008) was used to 

evaluate the importance of including a macropore flow component in subsurface drainage 

simulation: Activating the macropore component in the model improved the simulation of 

drainage peaks, especially peak height, but it did not improve simulation of total drainage amount. 

Simulation of the drainage peak recession varied from peak to peak, suggesting that further 

studies are warranted for drainage flow in the model. Sensitivity analyses showed that predicted 

total macropore flow and drainage peaks were insensitive to macroporosity and pore radius in the 

model, with a 50% change in the latter resulting in a <5% change in macropore flow. Activating the 

macropore component in RZWQM2 produced better simulation of drainage peaks during excess 

surface flow events but did not provide sufficient accuracy in representing the actual macropore 

flow process, which warrants further investigation and model modifications targeted towards 

improving RZWQM2’s hydrologic simulation of macropore flow and subsurface drainage. 

 

*Denotes primary author 
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Performance of EnDrain in Modeling Agricultural Subsurface Drainage Systems in KwaZulu-

Natal, South Africa 

 

Track: Soils - Drainage Tools and Modeling - Water Quality 

 

Location: Council Bluffs on 3rd Floor 

 

Time: 1:30 PM – 3:00 PM 

 

Authors: Aidan Senzanje (University of KwaZulu-Natal)*; Cuthbert Taguta (University of KwaZulu-

Natal); Mphatso Malota (Mzuzu University); Tinashe Dirwai (University of the Free State); 

Tafadzwanashe Mabhaudhi (University of KwaZulu-Natal, School of Agricultural, Earth and 

Environmental Sciences) 

 

Water logging and soil salinization continue to degrade crop production potential of irrigated land, 

arid and semi-arid areas. This challenge is even more complex, particularly in the recent years 

where climate change is also continuously changing the weather patterns, against which, drainage 

systems are designed to cope with. Using a sugarcane field in Pongola, South Africa, as an 

experimental field, this study assessed the performance of EnDrain model to inform drainage 

design-related decisions. EnDrain is a very user-friendly and low-input drainage system simulation 

model that adopts two approaches when simulating water table depths and drainage discharges 

as a function of drainage system parameters such as drain depth, spacing, and recharge. EnDrain 

was calibrated and validated using water table and drainage discharge data for the 1998 - 1999 

and 2011 – 2012 periods. Performance of modeling the fluctuation of water table depths and 

drainage discharges using the energy balance equations in EnDrain was achieved using Coefficient 

of determination (R2), Coefficient of Residual Mass (CRM), Mean Absolute Error (MAE), and Root 

Mean Square Error (RMSE). For validation, the EnDrain model predicted DDs with R2, CRM, MAE 

and RMSE values of 0.82, -0.25, 0.98 and 1.31. Thus, there was good agreement between the 

observed WTDs and DDs, and those simulated by EnDrain. These results show that even though 

Endrain is less popular compared to other drainage model, it can be reliably used to design and 

appraise drainage systems in agricultural lands, especially in data-scarce regions and developing 

countries. We, however, recommend performance assessment of other models capable of 

running multiple simulation of scenarios and also at longer periods, a model characteristic not 

present in EnDrain. Alternatively, this weakness should be for improved in the EnDrain model. 

 

*Denotes primary author 
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History, Science and Benefits of Two-Stage and Self-Forming Ditches  

Track: Revisiting Drainage Ditch Systems - Challenges and Emerging Solutions for Managing Water 

Volume and Protecting Water Quality 

 

Location: Davenport on 3rd Floor 

 

Time: 1:30 PM – 3:00 PM 

 

Authors: Jonathan Witter (Ohio State ATI)*; Dan Mecklenburg (Ohio State ATI) 
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Implementing and Maintaining Two-Stage Ditches, A County Engineer’s Perspective    

 

Track: Revisiting Drainage Ditch Systems - Challenges and Emerging Solutions for Managing Water 

Volume and Protecting Water Quality 

 

Location: Davenport on 3rd Floor 

 

Time: 1:30 PM – 3:00 PM 

 

Authors: Mike Pniewski (County Engineer Lucas County, Ohio) 
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Promoting Adoption of Ditch Conservation Practices: Lessons Learned from Outreach 

Efforts and H2Ohio State Funding in Ohio  

 

Track: Revisiting Drainage Ditch Systems - Challenges and Emerging Solutions for Managing Water 

Volume and Protecting Water Quality 

 

Location: Davenport on 3rd Floor 

 

Time: 1:30 PM – 3:00 PM 

 

Authors: Jessica D’Ambrosio (The Nature Conservancy) 
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Poster Number 1 

 

Quantifying the Relationship between Tile Drainage and Carbon Storage in Grass Seed 

Cropping Systems 

 

Authors: Lauren Breza (USDA-ARS)*; Kristin Trippe (USDA-ARS); Jennifer Moore (Jennifer Moore); 

Abigail Tomasek (Oregon State University) 

 

Oregon’s Willamette Valley is rich in soil carbon (C), providing fertile soil that supports the $1 

billion grass seed industry. These soils are poorly drained and rely on subsurface tile drainage 

systems to maintain optimal field water levels so that growers can have timely access to fields, 

extend the growing season, and maximize yields. However, little is known about the consequences 

of tile drainage on soil carbon storage across the United States, especially in Willamette Valley 

soils. A new project initiated by the USDA-ARS Forage Seed and Cereal Research Unit in Corvallis 

OR aims to address this knowledge gap and assess the fate of soil C in response to subsurface 

drainage. We hypothesize that artificially-drained fields will support increased root growth and 

stabilization of microbial byproducts, resulting in a net increase of soil C. To test this hypothesis, 

we sampled soil in fields with newly installed tile drains (< 10 years old), fields with existing tile 

(>10 years old), and fields that are naturally drained in the North and South Willamette Valley. 

Nine soil cores (1 m deep) were collected from each of the 30 fields. We partitioned soils into 

depths of 0-30, 31-60, and 61-100 cm. Sample processing is currently underway to determine the 

impact of subsurface drainage on soil biological, physical, and chemical properties. Specifically, we 

will characterize microbial community structure and function and link microbial processes to a 

suite of abiotic soil properties to evaluate how tile drainage impacts C cycling dynamics. We expect 

the results of this study will provide growers with information that they can use to inform the 

management practices enacted on their farms. 

 

Track: Climate Resilience and Drainage 
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Poster Number 2 

 

Impact of Tile Drain Depth and Spacing on Nutrient Losses and Crop Production 

 

Authors: Soonho Hwang (University of Illinois at Urbana-Champaign); Hongxu Zhou (university of 

Illinois); Richard Cooke (University of Illinois); Rabin Bhattarai (university of Illinois)* 

 

Properly designing the drain depth and spacing is an important strategy for drainage systems to 

meet the crop production and water-quality goals. However, the optimal design of the subsurface 

drainage system is limited due to the lack of systemic analysis of their impacts on nutrient (N and 

P) loss and crop production from tile-drained fields. Therefore, a total of 12 experimental plots 

with three combinations of tile spacing and depth (40 ft × 3.5 ft, 60 ft × 2.5 ft, and 80 ft × 3.5 ft) 

were established at the South Farm Agricultural Experimental Station, IL to examine the impact of 

tile drainage configurations on drainage water, nutrient losses, soil properties, and crop 

production. The field monitoring of tile flow, nutrient concentration, soil sampling was conducted 

for 3-year to get a better understanding of the effects of tile spacing and depth on hydrological 

responses and crop production. The potential agronomic and environmental tradeoffs were also 

assessed.  

 

Track: Drainage System Design, Installation, and/or Performance 
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Poster Number 3 

 

Investigating the Suitability of Geotextile Envelopes as an Alternative to Stone Aggregate in 

Clay Textured Soils in Ireland 

 

Authors: Ian R Byrne (Teagasc)*; Patrick Tuohy (Teagasc); Mark Healy (National University of 

Ireland Galway); Owen Fenton (Teagasc) 

 

On poorly drained farms in Ireland, clay textured soils dominate and stone aggregate is the only 

drainage envelope material used, with limited exceptions. Synthetic envelopes are marketed 

sporadically, but uptake is low. The objectives of this study were to: (1) characterise the hydraulic 

and filter performance of geotextile drain envelopes in clay soils (2) determine how an optimally 

functioning aggregate preforms in combination with geotextiles, and (3) determine if geotextiles 

are a suitable alternative to an optimal aggregate size in the same soil texture. This follows a 

previous study, which assessed 9 aggregates from 0.7 to 62 mm combined with a clay soil. They 

were assessed on their hydraulic and filter performance and a 2-10 mm aggregate was selected as 

optimal. In this study laboratory units (n=3), containing clay soil with geotextile envelopes, were 

formed based on the aggregate study and compared to the selected aggregate. The treatments 

were a non-woven and filter sock in combination with a clay soil and two geotextiles in 

combination with a 2-10 mm aggregate and a clay soil, run for 30 days. The parameters measured 

were: flow rate of water from the drainage pipe (hydraulic functionality) and total suspended 

solids (TSS) (filter functionality). The flow from the non-woven geotextile and soil was the same as 

the 2-10 mm aggregate, while the filter sock and soil had a 3.4 times lower flow. The TSS was 2.4 

times higher in the non-woven geotextile, aggregate and soil combination and all other treatments 

were 6.2 and 7.8 times higher than the aggregate. Overall, the geotextiles did not function as well 

as the 2-10 mm aggregate, except when the aggregate was used with geotextile envelopes, which 

performed better from a flow rate perspective. Aggregates in the optimal size range are preferred 

for this soil texture. Future work should rank stone versus synthetic envelopes from cost, 

performance and lifetime perspectives to offer national drainage design advice. 

 

Track: Drainage System Design, Installation, and/or Performance 

 

*Denotes primary author 

 

 

 

 

 

 



89 

 

Poster Number 4 

 

Mapping Depth-Specific Soil Water Content via Electromagnetic Induction Method 

 

Authors: Emily P Nelson (North Dakota State University )*; Xinhua Jia (North Dakota State 

University); Zulfikar Ali (Ellingson Companies) 

 

Electromagnetic induction (EMI) has become a common method of measuring bulk soil electrical 

conductivity (ECa) as a proxy for many different soil properties, including salinity, depth to claypan, 

and soil water content. In this research, the main objective is to develop soil water content maps 

using the EMI method for agricultural fields with subsurface drainage systems in the Red River 

Valley. Using an EM38, multiple EMI surveys can be conducted over four field sites throughout the 

growing season. Paired with these EMI surveys, measurements of soil EC, temperature, and water 

content will be collected continuously via Hydra Probe II in-situ sensors at multiple depths. 

Simultaneously, soil water content will be measured via a FieldScout TDR moisture probe for the 

surface soil, and from collected soil samples via the gravimetric method. All data will be 

georeferenced with a GPS. 

 

Using the in-situ soil water content data, the EM38 readings of ECa will be calibrated to soil water 

content for the entire field using R Statistics. Following data processing, ArcGIS Pro will be used to 

map spatially referenced, depth-specific soil moisture content. Maps will be created for each 

collection date to monitor spatial and temporal soil water content variations. Other studies have 

mapped soil water content via EM38 in other regions, the challenge in the RRV is due to high 

water-holding capacities of clay-rich soils minimizing soil moisture variations. 
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Poster Number 5 

 

Optimum N-Rates for Corn in Iowa and Illinois over the Last Two Decades 

 

Authors: Mitchell Baum (Iowa State University)*; Sotirios Archontoulis (Iowa State University) 

We compiled data from 14 long-term yield response to nitrogen (N) experiments and calculated 

two optimum N fertilization rates: the economic optimum (considers the cost of N fertilizer), and 

the environmental optimum (considers the cost of N2O emissions and NO3 leaching). Site-year-

crop rotation specific N2O emissions and NO3 leaching were simulated using the APSIM cropping 

systems model. On average, across locations the economic optimum N rate for corn changed 

from 3 to 3.9 kg/ha/year, while the environmental optimum N rate changed from -0.7 to 2.5 

kg/ha/year per a continuous corn and corn soybean crop rotation. The increase in the optimum N-

rate was driven by increasing N leaching, coupled with increasing corn yields. 
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Poster Number 6 

 

Comparison of Nitrogen Export Before and After Implementing a Constructed Wetland at 

the Catchment Outlet 

 

Authors: Ji Yeow Law (Iowa State University)* 

 

Subsurface tile drainage systems improve crop productivity but increase nitrogen export from 

agricultural systems. Excessive nitrogen loading into surface waters created various 

environmental and economic issues. For example, higher water treatment costs are needed to 

reduce nitrate-nitrogen concentrations to the safe drinking water standard (10 mg/L). Meanwhile, 

nitrogen loading into the Gulf of Mexico contributed to summer algal blooms, resulting in 

significant economic losses in the fishing and tourism industries. As part of the nutrient reduction 

efforts, Iowa aims to reduce 41% nitrogen loading from nonpoint sources by implementing best 

management practices (BMPs), such as constructed wetlands. This study aims to evaluate the 

nitrogen export of a 221-ha catchment before and after wetland implementation. The wetland 

was strategically installed at the catchment outlet to treat all outflows. This study consists of 

periods before (2015 – 2018) and after (2021 – present) the wetland was constructed in 2019. 

Flow-weighted samples were collected and analyzed for nitrate (NO3-N), total ammonia nitrogen 

(TAN), and total nitrogen (TN). The median TAN, NO3-N, and TN concentrations during the “before” 

period were 0.018, 8.6, and 9.4 mg/L, respectively. Out preliminary “after” period data showed 

median NO3-N, TAN, and TN concentrations of 0.032, 3.4, and 5.9 mg/L. Overall, we observed 77% 

higher TAN concentrations but 60% and 43% lower NO3-N and TN concentrations, respectively. 

However, 2021 was a relatively dry year (water yield of 7.1 cm) compared to 2015-2018 (median 

annual water yield of 31.3 cm). Therefore, the higher TAN concentrations and lower NO3-N and TN 

concentrations were unlikely to represent long-term wetland performance. Longer-term 

monitoring will inform the wetland performance during dry, normal, and wet years, which are 

crucial for developing long-term watershed management strategies as we expect to experience 

extreme weather more frequently. 
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Poster Number 7 

 

Quantifying the Effectiveness of a Saturated Buffer to Reduce Tile NO3-N Concentrations in 

Eastern Iowa 

 

Authors: Matthew Streeter (University of Iowa)*; Keith Schilling (Iowa Geological Survey) 

 

Agricultural drainage tiles are primary contributors to NO3-N export from Iowa croplands.  

Saturated buffers are a relatively new conservation practice that reroutes some of the tile water 

through a distribution tile installed in a riparian buffer parallel to the stream for enhanced NO3-N 

processing in the buffer. In this study, we characterized tile NO3-N concentration reductions 

through two different saturated buffers at a working farm site in eastern Iowa. Results showed 

that the two saturated buffers are reducing NO3-N concentrations in tile drainage water from 

input concentrations of approximately 15 mg/l to levels <1.5 mg/l. Further, we present a 

“treatment and control” paired water table monitoring approach to estimate hydraulic and NO3-N 

loading into a saturated buffer. Over a season of monitoring, water table depths were remarkably 

consistent but the water table beneath the saturated buffer was consistently 0.22 m higher than 

the non-saturated buffer control. The increase in water table height increased the amount of 

water discharged from a 162 m long buffer by 468.2 m3/yr and, assuming a concentration 

reduction of 15 mg/l, resulted in a N reduction of approximately 7 kg. The reduction occurred 

rapidly in the fine-textured and organic-rich alluvial soils with most of the reduction occurring 

within 1.5 m of the distribution line. We hypothesize that denitrification is primarily responsible 

for the concentration reductions based on soil and water chemistry conditions, completion of a 

geophysical survey (quantifying low potential for N loss to deeper aquifers) and comparisons to 

other similar Iowa sites. The study provides more assurance to new adopters that this practice can 

be installed in many areas of the Midwestern Cornbelt region. 
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Poster Number 8 

 

The Internet of Bioreactors: Real-Time Nitrate Sensors at Denitrifying Bioreactors 

 

Authors: Carolina Diaz-Garcia (University of Illinois)*; Reid Christianson (University of Illinois); 

Shirley Johnson (-); Kristin Greer (University of Illinois); Richard Cooke (University of Illinois); Laura 

Christianson (University of Illinois) 

 

The accepted research standard for monitoring subsurface drainage involves using continuous 

flow monitoring paired with automated water sampling. However, advances in sensor technology 

mean it is now possible to use continuous nitrate sensors at conservation drainage practices like 

denitrifying bioreactors. While still relatively expensive ($15,000 to >$30,000 per sensor 

configuration), continuous real-time nitrate sensors could exponentially increase the certainty for 

annual estimates of bioreactor nitrogen (N) loading reductions. One denitrifying bioreactor on a 

private farm and one at the University of Illinois Dudley Smith Farm in Illinois USA were 

instrumented with ecoN sensors (Ott HydroMet, Germany) at both the inflow and outflow controls 

structures during Summer 2021. The ecoN (pronounced “eco” N) is an ultra-violet real-time optical 

nitrate sensor allowing a measurement range between 0.25 and 30 mg N/L with a measurement 

accuracy of ± 5%. Nitrate concentrations sensed every 15 min were compared with lab-analyzed 

water samples, and resulting inflow and outflow loading using the two concentration methods 

were compared. Preliminary data show less consistency between sensed vs. sampled 

concentrations at a bioreactor which was nearly always operating under nitrate-limited conditions. 

Despite a sensor range as low as 0.25 mg N/L, low nitrate concentrations (e.g., < 2 mg N/L) may 

present sensing challenges in bioreactor applications. Even so, these continuous inflow and 

outflow nitrate data are being live-streamed to the internet to provide a novel public engagement 

opportunity. This poster will present the first year of results, but eventually, this new “real-time” 

monitoring method could improve certainty in N loading reductions to streamline water quality 

trading between point and tile-drained non-point sectors. 
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Poster Number 9 

 

Vegetated Agricultural Drainage Ditches (Vadds) for Agricultural Runoff Mitigation:  Two 

Decades of USDA-ARS Research 

 

Authors: Matthew Moore (USDA)*; Jason Taylor (USDA); Erin Bennett (Trent University); Jerry 

Farris (Arkansas State University); Robbie Kroger (Covington Civil and Environmental, LLC); Martin 

Locke (USDA-ARS); Rachel Nifong (USDA-ARS) 

 

Agricultural drainage ditches move excess water off production acreage to prevent crop losses. 

This water often has high concentrations of pesticides, nutrients, and sediments. Runoff water is 

routed through ditches to nearby rivers, lakes, and streams. Over two decades of research 

conducted by the USDA-ARS National Sedimentation Laboratory has found that drainage ditches 

are unique systems and capable of providing vital ecosystem services such as pesticide and 

nutrient mitigation. Early studies on vegetated agricultural drainage ditches (VADDs) in the 

Mississippi Delta, and later the Central Valley of California, demonstrated their substantial ability 

to sorb several different pesticides from the water column into sediment and plants. These results 

culminated in the Natural Resource Conservation Service’s Mississippi and California state offices 

recognizing VADDs as a modified conservation practice (607A). Successful pesticide mitigation 

results will be highlighted. In addition, recent advances showing how Leersia oryzoides (rice 

cutgrass) can denitrify and immobilize nitrate in agricultural drainage ditches will be presented 

within the broader context of nutrient mitigation challenges. 
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Poster Number 10 

  

Antibiotic Resistance in Agricultural Drainage: 5-Years of Monitoring 

 

Authors: Timothy P Neher (Iowa State University)*; Michelle Soupir (Iowa State University) 

 

Antibiotic resistance is an emerging contaminant in agricultural drainage downstream of manure 

amended fields or intensive livestock production. The World Health Organization has labeled 

antibiotic resistance as one of the most significant health threats in the world today. There is 

currently a lack of knowledge on the role of agricultural drainage in the export of antibiotic 

resistance to the environment. In this study, we summarize the results of a five-year monitoring 

project in the Black Hawk Lake Watershed located in western Iowa on the Des Moines Lobe. We 

will compare measured indicators of antibiotic resistance between our monitoring locations. 

These indicators include antibiotic-resistant fecal indicator bacteria and antibiotic resistance 

genes. Our monitoring locations consist of a tile main that drains 804 hectares, two surface runoff 

outlets from smaller catchments of 230 hectares each, and a downstream outlet that drains the 

smaller catchments (2,962 hectares) independent of the tile main. All surface runoff locations are 

assumed to be influenced by upstream tile drainage. We will compare the antibiotic indicators 

between the tile-main and the larger surface water outlet to determine differences in antibiotic 

indicators. We will also assess the impacts of changes in the watershed landscape over the five 

years, such as wetland installation, adoption of best management practices, and differences in 

precipitation regimes on observed antibiotic resistance indicators at monitored outlets. Insights 

into the influence of tile drainage, land management, and weather patterns will help inform 

design solutions to control or reduce antibiotic resistance export from agricultural lands. 
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Poster Number 11 

 

Assessment of Phosphorus Loads from Tile Drainage in the Jewett Brook Watershed of St. 

Albans Bay, Vermont 

 

Authors: Meghan Arpino (Stone Environmental, Inc.)*; Jacob Mitchell (Stone Environmental, Inc.); 

Dave Braun (Stone Environmental, Inc.) 

 

Subsurface tile drainage is an essential water management practice on many agricultural fields, 

enabling crop production in fields otherwise too wet to farm. Once considered negligible, 

phosphorus (P) levels in tile drain discharge in many U.S. regions are now recognized as 

potentially significant at field and watershed scales. Across the Lake Champlain Basin, the impacts 

of tile drainage on water quality have not been adequately assessed. We monitored 12 tile drains 

on silage corn and hay land on commercial dairy farms in the Jewett Brook watershed, St. Albans, 

Vermont for a full year. Tile drainage flow rates were measured continuously, and flow-paced 

composite samples were analyzed for total and dissolved P. Phosphorus concentrations varied 

across sites and seasons. Annual mean total P concentrations ranged from 45 to 1,166 µg/L across 

the 12 sites (median 185 µg/L). Lowest P concentrations tended to occur in December and highest 

concentrations in October. P loading rates among the 12 drains ranged from 0.12 – 1.12 kg/ha/yr 

and averaged 0.56 kg/ha/yr. The mean dissolved P loading rate was 0.27 kg/ha/yr, approximately 

50% of the total P loading rate. Both total and dissolved P loading rates were significantly higher 

from row cropland compared to hayland. During the monitored year, approximately 26% of the 

total P load exported by Jewett Brook was contributed by tile drains. These results demonstrate 

that tile drains have the potential to contribute substantial quantities of P to surface waters in the 

Lake Champlain Basin. 
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Poster Number 12 

 

Examining the Effects of Controlled Drainage on Nutrient Load in the Western Lake Erie 

Basin 

 

Authors: Samantha Smith (Michigan State University)* 

 

Subsurface drainage systems are integral to the agricultural economy, but they alter the hydrology 

of the watershed and increase nutrient transport. Excess nutrients contribute to eutrophication 

and an increase in harmful algal blooms. The Lake Erie Basin has a history of these issues, 

including the 2014 drinking water crisis caused by toxin production of algae which flourished 

under eutrophic conditions. Phosphorus transport is a major concern in the Lake Erie Basin as it 

has been shown that about 48% of dissolved phosphorus losses from an Ohio watershed were 

through subsurface drains. The objective of the study was to evaluate the potential of controlled 

drainage to mitigate nitrate and phosphorus losses through subsurface drainage systems. This 

study looked at the River Raisin Watershed, which at 1,059 square miles is the largest watershed 

in Michigan which drains into the Lake Erie Basin. Approximately 75% of the area is used for 

agricultural production. The results showed that controlled drainage reduced the load of nitrate 

transported through subsurface drainage discharge, but results for phosphorus transport were 

inconclusive because of lack of sufficient data. We will collect more data to evaluate the 

phosphorus transport. Further research is necessary to fully evaluate the effects of controlled 

drainage on phosphorus loss. 
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Poster Number 13 

 

Impacts of Controlled Drainage on Hydrology and Water Quality across Varying Tile Drain 

Depths and Spacings  

 

Authors: Elizabeth R Schwab (The Ohio State University)*; William Osterholz (USDA ARS); Margaret 

Kalcic (University of Wisconsin-Madison) 

 

Tile drainage is used extensively to enhance agricultural productivity in poorly drained regions, 

including the Midwestern United States. Tile drain depth and spacing, as well as use of controlled 

drainage (management of drainage outlet height to enable soil water storage during critical times 

of year), influence discharge volume and nutrient losses. However, when assessing tile drainage–

associated discharge and nutrient loads, studies typically focus on either tile depth and/or spacing, 

or presence/absence of controlled drainage management, neglecting the comparative influence of 

controlled drainage versus free drainage on plots with different tile drain depth and spacing. This 

study was conducted from 2013–2016 at a site in northwest Ohio, a region which is intensively 

drained. The site consists of four sets of paired subplots, with each pair having identical tile drain 

depth and spacing and differing only in drainage condition (i.e., controlled drainage versus free 

drainage). Differences in discharge and nutrient loads between subplots with different tile drain 

depth and spacing were investigated, as were differences in discharge and nutrient load from the 

subplots during periods of controlled drainage and free drainage. Individual tile discharge events, 

rather than the commonly-reported annual values, were used as the units of analysis to help 

differentiate between periods where outlets were managed at different heights in controlled 

drainage conditions. Results of this study can shed light on design and management factors that 

may be most influential in governing discharge and water quality responses from drained 

landscapes. Findings may also provide guidance for drainage design that will achieve desired 

outcomes with respect to both agricultural productivity and water quality. 
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Poster Number 14 

 

Land Management for Improved Yields, Environmental Resilience, and Sustainability 

 

Authors: Natasha L Hoover (Iowa State University)*; Michelle Soupir (Iowa State University); 

Daniel Andersen (Iowa State University); Stephen Potter (Iowa State University); Rameshwar 

Kanwar (Iowa State University) 

 

Soil health and agricultural water quality are closely linked. This study layers multiple 

management practices to potentially improve crop yields, environmental resilience, and 

sustainability. Twenty-seven ¼-acre individually tile drained plots were established in 2021 to 

study the impact of combining cover crops, reduced tillage, and manure management on soil 

health and water quality under a corn-soybean rotation. The manure management treatments 

include either early winter or spring applied poultry manure, balance early winter manure with 

chemical fertilizer (UAN), or UAN treated plots as a control. Each treatment is paired with winter 

cereal rye or no cover crop. Initial analysis at the site evaluates the existing weed seed bank, 

starting P levels, and soil health parameters including aggregate size distribution, POM, and 

microbial biomass to provide a baseline to compare to future results to identify early indicators of 

changes in soil health. The first year of drainage data comparing water quality response to poultry 

manure timing and chemical fertilizer application will also be presented. 
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Poster Number 15 

 

Nitrate Leaching and Nitrous Oxide and Ammonia Emissions in Southwestern Minnesota 

Corn Fields during a Drought  

 

Authors: Zachary J Aanerud (University of Minnesota)* 

 

The need for nitrogen (N) fertilizer for crop production and its presence as a contaminant in the 

environment is a perplexing dilemma. While many studies have focused on determining the 

economic optimum N rate (EONR) for corn production, relatively little has been done to determine 

the environmental impact of nitrogen rates at, above, and below the EONR. This is needed to 

determine the system optimum N rate where it is possible to obtain the greatest production with 

the smallest environmental impact from nitrate leaching, nitrous oxide denitrification, and 

ammonia volatilization. The objective of this study was to evaluate the effect of N rate on N losses 

[nitrate (NO3-), nitrous oxide (N2O), and ammonia (NH3)], corn grain yield and profitability, plant 

and soil N removal, and N balance. This field experiment was conducted at the University of 

Minnesota Southwest Research and Outreach Center in Lamberton, MN. Five N rate treatments in 

85 lb ac-1 increments from 0 to 340 lbs N acre-1 using a best management practice (split 

application of ESN at pre plant along with urea with the urease inhibitor NBPT applied at V6) were 

replicated three times in a randomized complete block design. The 2021 field season was 

unusually dry with only three erratic drainage and NO3- leaching events. No treatment differences 

were measured for nitrous oxide during most of the growing season, except until after 

precipitation where emissions increased with increasing N rate. The EONR calculated at a nitrogen 

to corn price ratio of 0.1 ($0.40 per lb of N and $4 per bushel of corn) was very low, only 79 lbs 

acre-1 and the grain yield at the EONR was equally low at only 100 bu ac-1 indicating that moisture 

was the limiting factor. This study will be repeated over two additional growing seasons. 
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Poster Number 16 

 

Reducing Phosphorus Export through Farmed Pothole Surface Inlets with P Filters and Blind 

Inlets 

 

Authors: Adam Buseman (Iowa State University)* 

 

Prairie potholes are common land features in north-central Iowa that were formed around 10,000 

years ago during the glacial retreat. The prairie pothole region extends beyond north-central Iowa 

into Minnesota and Canada and as far west as Montana. This region has many closed depressions 

known as potholes that can become inundated with water during rain events. Today, many of 

these potholes are farmed for agricultural production. However, since potholes are closed 

depressions, they collect and hold water during wet periods, which can damage or kill crops. 

Therefore, many producers have installed surface water intakes within these potholes along with 

subsurface drainage beneath them to assist with drainage. Though surface intakes help with 

drainage, they can contribute to water quality problems by connecting surface runoff, which tends 

to be higher in phosphorus, directly to drainage systems. Blind inlets are one option to replace 

surface water intakes. While these structures reduce particulate phosphorus movement to tiles, 

they often fail to reduce dissolved reactive phosphorus (DRP) export. This is especially concerning 

in prairie potholes, as research has shown that DRP concentrations increase the longer a pothole 

is inundated. Phosphorus sorption materials (PSMs) such as iron can sorb P and reduce DRP 

export to drainage. In this study, a blind inlet containing iron shavings was installed in July 2021 in 

a prairie pothole. Samples were collected in late October and early November 2021 as well as 

March through May 2022 to determine its effectiveness at reducing phosphorus export via tile 

drainage. From limited data, the blind inlet is effectively sorbing 98.7 percent of DRP when 

comparing the blind inlet effluent with the surface inundation. A bench-scale P sorption study was 

conducted on the blind inlet media, which consists of pea gravel and iron shavings. This study 

indicated that the media could reduce DRP concentrations from 5 ppm to 0.008 ppm. The 

combined results of these studies will demonstrate the effectiveness of DRP removal through a 

blind inlet with a PSM and provide guidance for future design and implementation of these 

systems. 
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Poster Number 17 

 

Seepage-Corrected N Loss Reduction Assessment for the Practice of Controlled Drainage in 

Illinois 

 

Authors: Janith Chandrasoma (University of Illinois); Reid Christianson (University of Illinois); Paul 

Davidson (University of Illinois); Richard Cooke (University of Illinois); Laura Christianson 

(University of Illinois)* 

 

The practice of controlled drainage (or, drainage water management) is a well-recognized 

conservation drainage practice where reduction in flow volume and corresponding nitrogen (N) 

loads occur via management of water control structures. However, if this subsurface water 

management causes lateral seepage to occur, nutrient load reductions could be overestimated if 

nutrient loads are simply redirected to a neighboring free drainage outlet. The objective of this 

study was to develop seepage-corrected N loss reduction estimates provided by the practice of 

controlled drainage at two sites in Illinois to better contextualize limitations and benefits of this 

practice. Drainage flow and N loss from the outlet were monitored for three years at: (1) 0.8 ha 

free drainage and controlled drainage plots at the University of Illinois Agricultural Engineering 

Farm and (2) a private farm in Illinois with a multi-zone controlled drainage system. Seepage 

across field boundaries at these two sites was assessed using Dupuit’s Formula. Annual N loss 

reductions comparing the controlled versus free drainage research plots were 41, 93, and 80%. 

There was no free drainage control at the private farm but measured losses of 7.4, 16, and 0.8 kg 

N/ha provided reductions of 68, 30, and 97% compared to an average of 23 kg N/ha from 

literature. Seepage across field boundaries ranged from 8% to as high as 97% of the total field 

outflow calculated as the drainage measured at the outlet plus estimated seepage. Note, 100% 

seepage would be similar to undrained conditions. Assuming a worst case-scenario that N in 

seepage water was not taken up by plants or denitrified, annual N loss reductions should be 

corrected to account for the fraction of total outflow leaving the field as drainage. This type of 

seepage correction resulted in annual N loss reductions ranging from 3-73% rather than 30-97% 

for these six site-years.  
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Poster Number 18 

 

Water Storage, Mixing, and Fluxes in Tile-Drained Agricultural Fields Inferred from Stable 

Water Isotopes 

 

Authors: Mark Williams (USDA ARS)*; Scott McAfee (USDA ARS) 

 

Quantifying hydrological processes that control the upper critical zone water balance and 

contaminant transport in drained landscapes is needed, especially as precipitation patterns 

driving water balance dynamics continue to shift due to climate change. Here, hydrometric data 

are integrated with stable isotope signatures to quantify water storage, mixing, and fluxes to 

subsurface tile drainage at an agricultural field located in Indiana, USA. Over a 2-yr period, 

precipitation, soil water sampled with suction lysimeters (10–80 cm depth), groundwater (below 

tile depth; >1 m), and subsurface tile discharge were sampled 97 times. Results showed that 

isotopic variability in near-surface soil water (10–20 cm) reflected the seasonality of the 

precipitation input signal, while groundwater values were relatively consistent indicating that 

water stored below tile drain depth was recharged during winter. Soil water between 20–80 cm 

depth was a mixture of near-surface water and groundwater that varied seasonally depending 

upon groundwater hydrodynamics. Mean transit time of water ranged from 12–20 d for 10-cm soil 

water to 225–334 d for groundwater, with tile drainage exhibiting a mean transit time of 245 d. 

Both two- and three-component hydrograph separation indicated that groundwater was the 

primary source of water to the tile drain followed by soil water. Tile drain hydrograph response 

(i.e., celerity) was largely controlled by antecedent wetness. Comparison of tile drain celerities and 

velocities revealed however varying mechanisms controlling hydrograph response across a range 

of environmental conditions. Data sets of both water and tracer flux were, thus, useful to track the 

spatiotemporal variability of water fluxes within and from the critical zone. Such data provide 

valuable information to improve the representation of critical zone processes in these landscapes 

within spatially distributed hydrological models.  
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