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Transforming Drainage Team

Purdue University

" Jane Frankenberger, Project
Director, is an Extension
Agricultural Engineer with
expertise in drainage and water
quality. In addition to providing
overall leadership for
the project, she will serve as the
lead in developing project networks and co-lead
Extension activities.

Ben Reinhart, Project Manager,
is a Watershed Specialist with
experience on conservation
project development and
implementation with local,
state, and federal partners. He
will provide coordination among Team Members
across project objectives and develop project
networks.

Eileen Kladivko, is a Soil Physicist
with expertise in soil health,
drainage and water quality. She
will participate in research data
collection and synthesis related to
controlled drainage as well as the

application of results through

lowa State University

Matt Helmers, is an Extension
Agricultural Engineer with
expertise in drainage and water
quality. He currently manages
controlled drainage sites and will
serve as the lead in data
synthesis as well as participate in
Extension activities.

Lori Abendroth, is an
Agronomist with experience
in research database
management, project
management, and crop
production. She will be
involved in developing project
networks and establishing a
research database encompassing the experimental
sites involved in the project.

Giorgi Chighladze is a Data
Manager and Analyst with
experience soil sensing
systems and environmental
monitoring. He is involved in
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the Conservation
Drainage Network
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Save the Date for the 2025 Annual Meeting
2025 CONSERVATION Apl’i| 1-3, Champa\gn, IL
DRAINAGE NETWORK

ANNUAL MEETING

A network for agricultural drainage and water quality

MEETINGS OF THE NETWORK:
UPCOMING AND PAST

ABOUT THE CONSERVATION NETWORK PARTICIPANTS AND
DRAINAGE NETWORK MEMBERS

S

The Conservation Drainage Net
holds a meeting each year to w
members are invited. Informati
upcoming and past meetings ai
included below. This meeting b
together drainage ...

The Conservation Drainage Network is
made up of individuals from many
agencies and organizations interested
in advancing strategies to reduce
negative environmental impacts from
drained agricultural .

The Conservation Drainage Network is a
national partnership with the goal of
improving drainage practices to meet
future demands of crop production
while reducing adverse environmental
impacts of ...

e Read more. Read more.
Read more
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Most years we have too much; sometimes too little.

Spring: Runoff and nutrient loss Summer: Drought, crop yield loss



In the Midwest, we have an impressive drainage infrastructure
designed to get rid of water as quickly as possible.
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Subsurface tile drains



Drainage lowers the water table to increase aeration.

The water table divides the saturated zone (where all pore space is filled with
water), from the unsaturated zone above (pore space includes air).

a) Before the rain: The b) Rainfallinfiltrates c) Water over the pipe d) After the rain_: The
water table is below the and causes the water drains first, causing drain flows until the
drain, which is not table to rise and the lateral flow through the water table falls to the

level of the drain

soil to the drain.

drain to flow.

flowing.

Unsaturated
soil

Water
Table

Saturated
soil

Restrictive
soil layer R




Drainage lowers the water table to increase aeration.

Rainfall infiltrates and raises the water table.

Tile drainage lowers the water table
to provide oxygen to the plant roots.




Video clips from Davis Purdue Agricultural Center
ield Day, courtesy of Jeff Boyer, Superintendent




Tile Drainage Systems
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Most years we have too much; sometimes too little.
Both intensifying as extreme weather increases.

Summer: More drought
and crop yield loss

Spring: More runoff and
nutrient loss




In the Midwest, we have an impressive drainage infrastructure
designed to get rid of water as quickly as possible.
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Subsurface tile drains



But is today’s agricultural water management systems
adequate to address tomorrow’s needs?

Subsurface tile drains



Issue 1: Nutrient loss from tile drainage is causing
| |ssues of natlonal concern.

T|Ie dralns greatly morease Ioss of nltrate to streams

Recent research is showmg more clearly that
phosphorus also moves through tlles
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Issue 2: Despite excess water in spring, yields are
often limited by lack of water in late summer.




Some years we have excess water and water shortage in the same year.




The LEAP district in Lebanon lacks water, so the Indiana Economic Development
Commission has proposed a 40-mile pipeline from Tippecanoe County.

West. Lafayetté' :
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This has caused great
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https://www.clintoncountytoday.com/state-to-pump-water-through-clinton-county-to-boone-county/
https://www.clintoncountytoday.com/state-to-pump-water-through-clinton-county-to-boone-county/
https://www.clintoncountytoday.com/state-to-pump-water-through-clinton-county-to-boone-county/

Two issues; both are expected to be become more
severe due to future extreme weather

 Excess nutrients in spring will * Water availability in late summer
increase as winter and spring will decrease with warmer
becomes warmer and wetter summers and increased flashiness

of precipitation

Photo: Tom
Bridgeman




Storing drained water in the landscape

addresses both these ISSUES. g A
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Typically, farmers’ goal is to get rid of excess water as quickly as possible.




But can we instead store water in drained
landscapes like this?




Conservation Agriculture: Storing water in the soil
Increasing soil health.

* Increasing soil organic matter can increase water holding capacity.

* Bu_ R<

(Bedrock) | fymieer

Image: NRCS

Image: Wikimedia Commons, Wilsonbriggs



Conservation Drainage: Storing water in wider ditches:
Two-Stage Ditches

channel
J 7/ Bench
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Conservation Drainage: Storing water in the field:
Drainage Water Management, also known as Controlled Drainage
Water control structure added in a main drain

Before planting After
After harvest or harvest v planting
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Controlled dra

Storing water in the field

Water Control Structure




arch at . lana
Devis Prdue Aeuitore Conter in India
O Agric
: due
Davis Pur

///////////////////////////////////////’ﬂ/ m ;’//f////////////f///////////”///////////;}////?/-/////”///////////////////.///)‘/////////////////




40 acre field divided into
2 controlled and 2 free draining quadrants

Purdue Agricultural Center

College of Agriculture
Purdue University




Corn yield over 9 years increased slightly with
controlled drainage

* Yield measured with yield monitor each year,
cleaned and processed Examplefor 20009:
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Corn Yield at DPAC

_Controlled
162 bu/ac

—Free
—157 bu/ac

2005 2006 2007 2008+2009 2010 2012 2014 2016

‘Free Drainage Controlled Drainage

Average increase of 5 bu/acre
{ with controlled drainage




Drain flow, nitrate, and phosphorus concentrations
were monitored in each quadrant.

[ S

Above: Water samples from the automated sampler

Right: Analyzing samples in the lab; Inline flow meter



35% nitrate load
reduction — a significant
water quality benefit.

Nitrate load (Ib/acre) was
reduced by 9 Ib/acre on average

40 -
Average Free

q%) - B 26 Ib/acre
< 30
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Conservation Drainage: Storing drained water, and irrigating
nutrient-rich drainage water back onto crops

Drainage
Water
Recycling




Storing water, and applying it when needed = Recycling

Reservoir
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Drainage Water Recycling study at Purdue Agronomy Center
for Research and Education (ACRE)

led by Laura Bowling, Keith Cherkauer, Shawn Casteel, Dan Quinn, Juan Sesmero

Legend

*Outlet

~ Culvert

— Subsurface drainage

=23 Original wetland area 150 75 0 150 300
o s e |




Drip irrigation in corn & soybeans, including fertigation
Will provide information on crop yield, leaching, and water use impacts of
drainage water recyling.

J Pressu;?-’ esa'r‘)d"
B o releasevalves [\

Driptape installed
everyothe v";-_.’_'- !

Surface drip irrigation‘ has now

- been replaced by subsurface drip. -

Vo

; l(awegwnh
& programmable timer

(Talk with Shawn Casteel or Dan Quinn for more info.)



Drainage water recycling: Multiple options for implementation

Subirrigation, Excavated pond

Drainage/distribution pipe Floating pump
Lift station



Drainage water recycling: Multiple options for implementation

Subirrigation, Excavated pond Embankment pond, Sprinkler irrigation

~—— Center
pivot
- u 5 1 Supply
v " line
- .. R J‘M‘
SR S Wl

Drainage/distribution pipe Floating pump Drainage pipe
Lift station



Subirrigation: Adding water to the soil through the tile line.

(Water source may be a well, pond, or ditch)
/[ / \V/

\\/4 \\/Z \

Water Source



Transforming Drainage Project

Multistate drainage research, extension, and education (project now completed)
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Managing Water for Tomorrow's Agriculture %

Project Outcome: Extension
publications were co-
authored by teams of
Transforming Drainage
researchers, peer-reviewed
by experts, and are available
online. ...

CONTROLLED DRAINAGE

Home About Us Database Practices

Researching findings were
made available to
producers, drainage
contractors, and N
conservation agencies o 0
through nine Extension s ing USI08
publications. oy
“Questions and Answers about
Drainage Water Recycling for

the Midwest” won an ASABE
Blue Ribbon Award.

SATURATED BUFFERS

Products Tools Videos
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Tools Overview

A variety of tools were developed as part of the Transforming Drainage project to help with planning, evaluating, and exploring
subsurface tile drainage systems and practices that can be implemented to improve water management.

Drain Spacing Tool Drainage Rate Calculator Likely Extent of Agricultural

Drainage
The Drain Spacing Tool estimates the This tool calculates the three standard _ ‘ . .
optimum drain spacing that maximizes coefficients (drainage rates) for This t‘°°| identifies agrlcultu.ral areas that
economic return on investment in the characterizing hydraulic properties of ~ are likely 0 ha.we been. drained for crop
drainage system. subsurface drainage systems. production in the Midwestern USA.
‘ Drain Spacing Tool - — Likely Extent of Agricultural Drainage

Drawage Wooredy  Dranage Coeficoent  Kham Coeficent Documentaion

Hoxcar
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Tools for deciding on drain spacing

Soil series <« Drain
boundary \ outlet




Optimal Tile Spacing Depends on Soil

* Optimal spacing depends on the soil hydraulic conductivity and the depth

to a restricting soil layer.
* Narrower spacing is needed in soils with low soil hydraulic conductivity or a
shallow depth to the restricting layer.

Soil series <+ Drain
boundary 3 outlet




3 . \
[} Web Soil Survey - Home X

Find out about T T e
soils at any

location through

the Soil Survey

i About Soils | Help
You are here: Web Soil Survey Home
1 Want To...

[search N - Start web Soil Survey

The simple yet powerful way e e
to access and use soil data.

for running Web Soil
Survey — will Web Soil
Survey work in my web
browser?

» Know the Web Soil Survey
hours of operation

o Find what areas of the
U.S. have soil data

o Know how to hyperlink
from other documents to
Web Soil Survey

Enter Keywords
AIlNRCS Sites [

Browse by Subject

b Soils Home

Welcome to Web Soil Survey (WSS)

Web Soil Survey (WSS) provides soil data
and mformahon produced by the National

b National Cooperative
Soil Survey (NCSS)

b Archived Soil Surveys
b Status Maps

b Official Soil Series
Descriptions (0OSD)

b Soil Series Extent

W Service (NRCS) and provides access to the
J| largest natural resource information
system in the world. NRCS has soil maps
and data available online for more than 95
percent of the nation’s counties and

‘' Announcements/Events

o Web Soil Survey 3.0 has
been released! View

Mapping Tool
b Geospatial Data Gateway
b eFOTG

b National Soil
Characterization Data

b Soil Geochemistry
Spatial Database

b Soil Quality

e e e

anticipates having 100 percent in the near future. The site is
updated and maintained online as the single authoritative source
of soil survey information.

Soil surveys can be used for general farm, local, and wider area
planning. Onsite investigation is needed in some cases, such as
soil quality assessments and certain conservation and engineering
applications. For more detailed information, contact your local
USDA Service Center or your NRCS State Soil Scientist.

Four Basic Steps

| 4 | P—

description of new
features.

o Web Soil Survey Release

History

' 1 Want Help With...
o Getting Started With Web

Soil Survey

o How to use Web Soil

Survey

o How to use Web Soil




Another option for the Soil Survey: SoilWeb Apps

http://casoilresource.lawr.ucdavis.edu/gmap/

[ California Soil Resource L- %

= C' [} casoilresource.lawr.ucdavis.edu/soilweb-apps

) UCDAVIS

=2 CALIFORNIA SOIL RESOURCE LAB

- = Use it in a web browser, or get the app
§ . o | TOr your phone or tablet.
(Google Play Store for Android; iTunes
SoilWeb Apps | for iPhone or iPad)

Our online soil survey can be used to access USDA-NCSS detailed soil survey data (SSURGO) for most of the United States. Please choose

SoilWeb:
: ’ -
SoilWeb SoilWeb Earth
Explore soil survey areas using an interactive Google map. View detailed Soil survey data are delivered dynamically in a KML file, aIIowE
information about map units and their components. This app runs in your mapped areas in a 3-D display. You must have Google Earth or some

web browser and is combnatible with deskton combuters tablets and means of viewina KML files installed on vour deskton combputer table


http://casoilresource.lawr.ucdavis.edu/gmap/

Download the app for iPhone or Android:
SoilWeb App (from California Soil Resource Lab)

Google Play Store for Android;
iTunes for iPhone or iPad

[.alCarrier =  10:11 PM = |

Get My Location
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Map Unit Name: Starks-Fincastle Symbol: SWA °©
complex, 0 to 2 percent slopes
Component Name: Fincastle
Component Key: 11977785
Soil Data Explorer | Series Extent Explorer
Official Series Description

A Soil Profiles

| Typical Profile >

| Org. Matter || Clay |




Soil hydraulic conductivity by depth shows why this soil is
poorly drained.

Typical Profile 2 L P S S S A Hydraulic and Erosion Ratings
EEEE Wind Erodibility Group: 5 [
Org. Matter || Clay ity Group: 5 €
20 - Wind Erodibility Index: 56 (&)
Sand LS DO T P T T Erosion Factor: 4
40 B Runoff: Low
? > PR e R L e
K I S O O T Rl Drainage: Somewhat poorly drained
=] gt 3L ¥ ¥ FE = o
pH K¢ Factor 5 Hydric Rating: No (&)
= Hydrologic Group: Group 80 (&)
=% - -
EC || SAR 2 = Parent Material: loess over loamy til
Total Plant Available Water (cm): 25.08
CaCO3 Gypsum 1(x) _.. ..... ...: ..... :... -
CEC @ pH7 120
Linear Ext. 140 - 5
bbbk

5 10 15 20 25 30
Sat. Hyd. Conductivity (mm/hr)



Drain Spacing Tool — Michigan State University

Drain Spacing Tool
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Drain Spacing Tool

This tool estimates the optimum drain spacing that
maximizes annual return on investment for corn-soybean

rotation

The tool is NOT intended for coarse-textured soils with

Il Do not show this splash screen again.
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Based on soil natural
drainage class, a
property in the USDA
NRCS Soil Survey

(Map from
soilexplorer.net.

Grey means poorly
drained, just like the
soils themselves.)

Timmir

oSuc:l':ury

Soil Natural Drainage Class
. Excessively drained
I:l Somewhat excessively drained
[ well drained
Moderately well drained
|:| Somewhat poorly drained
D Poorly drained
. Very poorly drained
|:| Subaqueous
D Not appliceble
D No survey

B Water
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Drained area (%)

Estimated drained land by state

50
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TD-mostly PD (%) s TD-all PD (%) = AgTile-US (%) mAgCensus Tile (%) = AgCensus Ditch (%)
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Agricultural water management continues to be important.




We have the technology to expand our goals in drainage.




Goals as we plan drainage systems of the future

» Reduce uncertainty and risk related to * Reduce nutrient losses from
water availability agricultural fields
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Questions?




