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Drainage Densily, tofal length of streams per walersi
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Appalachian Mtns, WV The Badlands, SD
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Drainage Density

and Streamflow 1000
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Hard and Ware Creeks,
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Water table interception
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Stream Network Extension

Stream network
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Simulated streamiflow
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Hard and Ware Creeks, observed floods & drainage dens
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Hard and Ware Creeks, simulated floods

1000

100

1 10

Mean Annual Flood (cfs per sq. mile)

Drainage Density, D

IIIIIIIIII



Miadwest Agricultural
Drainage




River Witham

P
0.034
28 - ] w g
Q =
U o
24 . 3 ...8_002
9 ]
- g
T 22 s
g &
x =
a uw
[ ] >
; 20 - . g
E E 0.014
- 18 g .
o
o . . o . ]
x
18 - <« L ]
14 2 y
gad ' T T Tggl T T T TgaT 1 T T TygT T 1 T Tap! 1 1 TggT 1 1 | 0 12 24 38 48 80 72 B4 06
Yeoar Time in hours
. ] . Figure 6.6 Average three-hour unit hydrographs ,at Claypole, showing
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Arterial Expans

Hoagland Watershed

 Watershed
area: 70.2 mi?

« Stream length Jasper County
67.4 mi

« D =.96 mi/mi?

* Length of | LEGEND
cou nty mains = @ Stage measurement
638.6 I 4\‘1\ — Streams

. mi H“‘]‘L sy N =] —— County tile mains
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Effect on Drainage Density
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Predicted Tile Spacing in Hoagland Watershed

Ale et al. (2007) “Mapping of Tile Drains in Hoagland Watershed for
Simulating the Effects of Drainage Water Management



Effect on Drainage Density
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Discharge (m/s)

Wabash River @ Covington
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Lee, Charlotte (2023), Evaluating Subsurface Drainage Hydroclimatology and
Impacts on Streamflow Across the Corn Belt. Doctoral Dissertation, Purdue
University, West Lafayette, IN.



Drain depth and spacing datasets for the US Co
based on 301/ propen‘/es

a) Drain Depth (m) b) Drain Spacing (m)
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Discharge (m3/s)

Wabash River @ Covington

Moderate floods, > 3 x median flow
Subsurface drainage increases the
peaks

Soil or depressional storage is still
available in the undrained case.

charge (m?/s)
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Large flood, > 7 x median flow
Subsurface drainage decreases the peaks

All the storage is filled in the undrained case.



My holistic view

* More channels in the landscape,
whether natural streams, ditches or
pipes:

» Decrease the travel time to the
basin outlet or downstream point;

» Compressing the travel time
means that more water gets to
the outlet at the same time;

» This increases peak flows
downstream.

Slowing down water and increasing watershed storage can flatten the curve, while still protectir
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Drainage events are gefting larger over time

* Monthly mean storm volume ;
. . e . 4
= Significant increase for all 6 2,
drains 3,
* Trend rates of 376 1600 L/yr E"
° 1998 2000 2002 2004 2006 2008 2010 2012 2014
200

* Monthly mean peak flow rate

» Significant increase for all 6
drains

* Trend rates of 84122 Lhr/yr

Peak flow rate (m3/day)
S
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Healthy soils increase storage
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USDA-NRCS SOIL HEALTH INFOGRAPHIC SERIES #002 u::'i: ck the
SECRETS

SOIL

healtiy scnl has amazing water-retention capacity.

0 increase in organic
matter results in
0 as much as

25 000 gal of available
soil water per acre.

Source: Kansas State f xtension Agronomy e-Updates, Number 357, July 6, 2012

USDA urtea sstes Want more soil secrets?
. icuire Check out www.nrcs.usda.gov

USDA Is an equal oppartunily provider and employer




Controlled drainage can incréase storage when
drainage iIs less needed

In controlled drainage, edge&-field
structures are used to prevent
dramflow until the water table rises
above the outlet control structure.
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Controlled drainage Increased lag time, decreas
flow and tofal drainage volume during storm eve

* Davis Purdue Agricultural Center
(DPAC)

* Controlled drainage reduced
event drainage volume and peak
flows by 22% 12%and 29% =
16%.

* It increased the time to peak of
drainage by 98%t 52%.
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Drainage Wafter Recycling

In drainage water recycling, subsurface
drainage water is captured in an on-farm
reservoir and applied later in the season
as supplemental irrigation.

Agronomy
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ACRE Drainage Water Recycling Profect

= Ecointensification using wetland water for
fertigation

= Climate adaptation
= \Water quality mitigation
* Flood control

* In collaboration with:

» Dr. Shaun Casteel, Dr. Laura Bowling, U
Quinn, Agronomy

» Dr. Keith Cherkauer, ABE
= Dr. Juan Sesmero, Ag Econ

A\ 4
USDA #&:NIFA
S 2




Wafter Conftrol Structure at
Weltland Outlet

=
» Custom AgriDrain Structure Tile drains
i} L Wetland
= 6” removeable boards control water level within Experiment Plots
the wetland B Wellhouse
o=
| = h i Beck

Center
During installation Buried Structure 0 500 1000 1500
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Operaftional Strategy

Free-flowing (1 board + weir) during the non-growing season (part of our p
Increase storage in early May, watch the weather ‘
3 boards is “safe level” during extreme rain — flow rate limited by downstrea

in May/June 2022

Number of Boards
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Irrigation Water Supply

'

Passes i s L W ibe A ey L

through
water
filtration
system

Powered by
a 6500 W
portable
generator

PVC elbow to 4” flexible
hose to existing ACRE
groundwater well for
backup

2 HP
centrifugal
pump,
provides
about 26 psi
of pressure
at 90 GPM

Inflow from
wetland

10’ 27 intake
hose with
foot valve



Fleld Layout

» Buried 2" mains supply water to 24
Zones:

« 30" spacing for driplines
« Every row in corn
« Every other row in soybean
» DripNet PC 636 15ml
« Emitters every 27
* 0.16 gallons per hour flowrate

» Netaflex 3G multi-channel dosing
channel for fertigation

Thank you to Netafim for supporting our research!
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Soybean Research
Treatments

Drip irrigation with Netafim materials:
» Surface, 2021, 2022, 2023
» Subsurface 2024 present

Treatments

» \Water management:
» Rainfed
» |rrigated
= Fertigated
= Agronomic management:
= Standard
» |ntense (seeding rate, S, K, fungicide)



Whemndhownuchdoweirrigalé

Date Week¥ Penman  Kc  Crop ETY Effectivt
Past  Eto (ET) & Rain
.. . Emer- ®
* Both irrigation checkbook water balance T R
and soil moisture S.enSOFS. “checkbook” 611912022 | 2 065 023 015 000
are used to determine soill 6120/2022 | 2 070 023 016  0.00
g 61212022 | 3 078 033 025 000
water deficits. 612212022 | 3 063 033 021  0.00
6232022 | 3 072 033 024 000
* Both methods are aver 2 deficit
compared, and if soil i :
mQISture defICI_t Of ; _\_F_ﬁ_“aj L \_af ey ; __ - field capacity soil Z,Otlswre
irrigated plots is greater ata
than 30%, we irrigate.
* Irrigation depth is based e
vg Rainfe verage
on 3 day average ET losses 2o e mgated Defic
data 9172022 65% 3%
daSh b oar d Dale Ang;aEi;::; ” Cn:j.rerage
Deficit Irmgated Deficit
aM12022 60% 35%
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Thregrear irrigation depths

Corn Soybean
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Irrigation demand versus supply

Totalirrigation waterneeds

Tile drained area 175 acres ) 16
_ _ _ o
Spring 2022 drainage depth 6.0 inches G 1‘4
Spring 2022 drainage volume 1040 acre-inches =
|
Wetland storage volume 31.7 acre-inches E’ 12
&
2022 irrigation applied 8.3 acre-inches @ 10
Evapotranspiration losses 19.1 acre-inches c 8
O
Seepage losses 3.0 acre-inches =
T 6
s
= 4
g
Z 2
ALY
s 0
=
= 6/15 7115 8/14 9/13
Q
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Maize Yield results,-2022
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Soybean Yield, 21224
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Ecosystem benefits of wetland control

(2007-2021):
= 28% reduction in mean nitrate concentration

- Nltrate redUCtlon Of abOUt 1 Nitrate+Nitrite O-phos Ammonia
96 kg/year Or 2.8 kg/ha/yr M Inlet Concentration MW Outlet Concentration

» Expansion of breeding habitat
= Potential for watershed —scale flood control

Concentration (mg/L)

= Existing wetland with Reed Canary Grass . I

o N £ 2] (o]




Poftential for flood control with DWR

Preliminary
results, still
nheeds some
quality control
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Peak discharge, current conditions
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Aquifer Storage

Thickness of glacial aquifer deposits in IN



Observed trends in
grounawater level in IN

a) No Drainage

b) Free Drainage
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Irrigation withdrawals in Indiana

400000 | MW Groundwater
Bl Surface Water _
350000 A Future Change in Demand
— 300000 -
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GW Stress Simulation System

Hydrologic model construction for the Wabash River Bag|iftion of groundwater simulation
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Model Scenarios fo View the Surface and Grour
Impact of Proposed Withdraw=le
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Evaluation of new groundwater withdrawals,
relative to renewable supply
WSI = Demand/Supply

Jul. Aug Sep Oct Nov Dec

And subsequent impact to surface water
downstream

a. WSI with historical withdrawal

b. WSI with doubled industrial withdrawal

Water Stress Index

Bl -o0021
B 0.021 -0.05
0.051 - 0.100
0.101 - 0.400
B - 0.400
1:3,000,000
0 20 40 Miles
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Closing thoughts

<

Drainage infrastructure is an
integral part of our Indiana
landscape, allowing for crop
production in our poorly
drained soils.
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Changing precipitation
patterns exacerbate the
drainage trade-offs.

Distributed storage in soil and
unfarmable ground can help.

Recent trends have increased
scrutiny on groundwater use.

New tools can help quantify
impact of new uses.

Water storage can both
increase gw recharge and
decrease irrigation demand.



Thank You

Laura Bowling, Head, Department of Agronomy, bowling@purdue.edu
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