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The importance and challenge of modeling
irrigation-induced erosion
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Abstract: Irrigation-induced erosion and rain-induced erosion result from very different
systematics. Therefore, both cannot be predicted effectively using the same models. The
average two-fold yield and three-fold economic advantage of irrigation over rain-fed agri-
culture, coupled with the fragility of irrigated land and the strategic importance of irrigation
develanment ta meet world aorictiltinral srodinction neede hae miced the nirecency for the

unique
€rosio
adapti
tinues
et al.
2001;
and L
and B
ines t
1rrigat
under:
1rrigat
and th
be fille

Magn
There



Rals,e the p
j\ﬂ‘é validating]a réliable model
for wide use'By"NRCS and
other public e htities. to help;
predictiandinventory
irrigations mduceq;_erps[on

_+-dtetters ini2005 from NRCS: 3t
Lawrence Clark, Deputy Chief for Science:& Technology
Barry Kintzer, Acting Director For Consérvation Englneerlng

e B -
- = T

SEF e
. s

BRI To ARS: S e
~—Dan Upchurch Actmg Deputy Administrator for
e "a;tyral Resources & Sustainable’ Agrlcultural Systems




675 M ac Irrigated Weor

— urface Ih;.ét-é?"-}

w Irrigated




Irrigation’s Global Importance

Total Cropland 3-3.5 B ac
-Irrigated Ag. 0.68 B ac

¢ 1/3 of all of earth’s harvested
crops on 1/6 of the earth’s
croplands

¢ 1/2 of the value of all crops
harvested on 1/6 of the earth’s
croplands

¢ 1/3 earth’s harvested food
grown on 125 M ac (1/30 area)




U.S. Irrigated Agriculture
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Arid Soils Dominate Irrigation
--They Are Fraglle Smls
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Up to 50% Loss of Crop Yield Potential
- Where A-Horizon Was Completely Eroded




= ,-r.-."a'ilmm == T IR IR RS S

e i
ST
sl —
ST S o
o e .|.
= o
— . : { i i
_._.—-—'_'— o . N .
A — L
! - = r X . = - . S n
- e g i - = =3
. T et bitss. $ ¥ -
# 2 - Qe 7opad i : ino
S e— - i i~ !

“
S

Wugtm”? . ‘

50 ppom 100 ppm 1000 ppm 10000 ppm



e _;_ = 2=

=43 4% Surface S
About Yz Furrow £z




Rain-Derived Models

USLE Statistic Event-Based
RUSLE Statistic Event-Based
WEPP System Process-Based

s{OJOIAY

failed to accurately predi :
especially from surface irrigation,
especially from small application rates

Storm events are vastly different from irrigation

Process systematics differ between rain-induced
and irrigation-induced erosion



Chemical & physical processes affecting
erosion are the same

Some processes are more/less prominent,
with irrigation vs. rain thus components
assemble into different systems.. ...

— Sequence & duration
-—== — Spatial relationships

,7_ — Energy & mass balances (|ntenS|ty)
L fé o *@';Eii‘ ==
¥ "\, - Component chemistries

W Just as all means of flight draw from common
chemical and physical processes, a single
system model cannot easily describe all flight

\\\\\ | g -
ggggggggggggg il 1 LE | | ; "
n covert : - Ls i
coverts ., r . L)
,,,,,,,,, = 1 —
...... L -— . | i )
— ; w1 %)
- [ s -
- T -
s T 4
- + b
- ey




Two Broad Categories

Surface / Furrow Sprinkler
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Model of Furrow Erosion

Inflow

Runoff and
sediment loss

NWISRL
Kimberly, ID



Runoff Drop & splash significant
Detachment «pyre water”
Erosion “Random” rill formation
Infiltration  Gradual wetting
Cloudy w/ cooler damp
soil
Water temperature uniform
Water viscosity uniform
Highly variable events §
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Irrigation Water-Quiality Effects on
Furrow Soil Loss:
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1st Irrigation 2nd Irrigation

Lentz, Sojka, Carter 1995
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SPRINKLERS?

Still Have Modeling Challenges
Application & Runoff Spatial/Temporal-variability,
Energy-variability, Water Quality
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SPRINKLERS




Poor Design, Soil & Landscape Variability,
Application Rate, Wheel Ruts etc.
an Create Problems

Wheel Track
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Moving Forward with
Irrigation Erosion Assessment
Models




USDA
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Furrow Irrigation — SISM

* Current Surface-lrrigation Simulation Model
iIs an empirical representation of furrow
erosion rates:

— SISL = BSL*KA*PC*CP*IP

— BSL Base soil loss (from 200 furrow irrigated fields, ldaho)
— KA Soil Erodibility Adjustment factor

— PC Prior Crop Adjustment factor

— CP Conservation Practice Adjustment factor

— IP Irrigation Management Adjustment factor

* Bjorneberg et al., 2007 — Evaluating the Surface Irrigation Simulation Model
Applied Eng. In Agriculture - IDAHO



USDA
AP

Furrow Irrigation - SRFR°

* Current Surface-Irrigation Simulation Model
represents the basic processes needed to
simulate furrow erosion, including:

— Numerical solution to unsteady flow equations
with decreasing flow down-furrow

— Selection of sediment transport equations to test

— Physically-based detachment and deposition
equations

* Strelkoff, T.S., and A.J. Clemmens. 2007. Hydraulics of Surface Systems.
In: Design and Operation of Farm Irrigation Systems, ASABE.



USDA
AP

Furrow lrrigation - SRFR

* Needed work:

— Ability to represent multiple size-classes of
sediment, and thus preferential deposition and
associated armoring

— Further testing of sediment transport equations
with multiple size-class sediment

— Extensive collection of data of erosion for wide
range of soils and water chemistry to develop
parameter estimation equations
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Furrow lrrigation - SRFR

* Also - Similar problems as with current
rainfall erosion models:

— The sediment transport equations were developed
for river-sized sediments

— Head-cuts and furrow side-sloughing not
explicitly represented



== des
T Sprinkler Irrigation

* Very little work has been done to advance
sprinkler irrigation models

* Kincaid, 2002, conducted a WEPP application
to sprinkler irrigation data from S. ldaho.

— “8Soil loss predictions were unreliable for the small runoff amounts
occurring in this study. The most reasonable use of WEPP for
sprinkler irrigation would be for estimating when potential runoff
might occur under center pivots for different soils, slopes, and
crop management practices, and to determine limits on application

depths and rates to avoid serious runoff.”’




== des
T Sprinkler Irrigation

* Current erosion models (e.g., WEPP) use a
spatially homogeneous rainfall input. Not
designed to take sprinkler input, which is
spatially heterogeneous and moves with time
across the field.

* A spatially-explicit model must first be
developed to represent spatially & temporally
variable sprinkler water input -

* Followed by extensive data collection,
testing and parameterization (soil, water, etc.)
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