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ainable Irrigated Agriculture..
- in Arid Environments

Limited by
~ — Water availability
B _ Economics of crop production
= — And thus water productivity

* This talk focuses on the engineering
aspects of water productivity
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. » Background

- —water balance
~ * Flow Measurement

— WinHume Software

s

| .—rwl

=~ [rrigation Uniformity and Efficiency
* Canal Automation
— SacMan Software

e Surface Irrigation |mprovement
— WINnSRFR Software

-
a—
—




gate H agriculture is a S|gn|f|cant
ributor to world food scipplles

g e

2002 Census of Agriculture

Harvested

Cr.op ha Harvested Crop
(millions) Value (billions)

Irrigated 11 rrigated $38
Non-irrigated 110 Non-irrigated $57




WATER BALANCE needed to evaluate
oroductivity for large-scale systems

Surface
Runoff
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—._h
ations of Applied Water

ar—

Water consumed - beneficial
“Water consumed - not beneficial

- Za

i_"*Water flows out - recovered and
— —  reused.

e \Water flows out - not recoverable
or not reusable.

Water In storage

E . =
- _-'__‘ --
= B e~
=

e




. Water Inflows and Outflows

2
Precipitation Other
ET
Surface Water Inflow Surface water
Groundwater Inflow >
Groundwater

5 Storage

4 Unrecovarable



1ID Water Balance

(198/7-1996 average, 1,000 ac-ft = 1,234 ML) o

Rainfall
167
\ Water Balance
AAC @ EHL Closure =
2,832 /
" Total Water
=z 2046
Subsurface _
Inflows 20 Change in .
Storage 0
Other Surface
Inflows 4
New River Subsurface
Outflow 446 Outflow 1
Alamo River Direct Outflow

Outflow 597 08




Risposition of Irrigation Water in 1D
= (1987-1996)




Total Imperial Valley
Water Consumption 2046

Rainfall
i ET,141 [rrigation
Canal & Reservoir Mé&l &Other R?'g;a” Water ET
Evaporation Evaporation 2 Cor%%umptlon 1737 | /
5
AAC @ _ 4% >< \111 /
Pilot Knob| ~ All American | AAC @ EHL y—3 AN /
- 2,832 Deliveries Other
3,258 Canal (AAC) Canal 2552 | (2467) | Land Farm
Sub-system . Sub-System
DG;Q’;“GS Tailwater Tilewater
Seepage | (414) (425)
94 M& Sub- | 14
Lateral Canal System 11
Coachella Canal et Spills  Mai Seepage 839
o I?lD Deliveries 93 Canjal 9(IO g Rty Raital x )
Spills Flows 2 Irrigation
5 16 Water
Surface Inflows V V 815
Mexico 166 -
Subsurface Open Drain and River Sub-system
Inflows 20
Other Surface
Inflows 4
New River Subsurface
I I D Wat er Outflow 446 Outflow 1
Alamo River Evaporation & ET from

Direct Outflow Drains, Rivers, &

Bal an Ce Outflow 597 t Phregéophytes
Su bSySt e m S Salton Sea Inflow 1142




portunities for conservation =

duce consumption of water outside the
pped area (e.g., phreatophytes)

'Reduce non- productive consumption

= |th|n the cropped area (e.g., weed ET)

- _.'.- .....

= rReduce outflow of water that cannot be
- _recovered (with reasonable quality)

~ * Reduce degradation in quality of water

that leaves the watershed (more water is
required when salinity is higher)




—
ater Balance Accuracy

- S —

- Confidence Interval +5%

sl o =




S
acy of Water Measurement is..

o Good Water Balance!

S -

W|th 2% accuracy of main supply, accuracy
_45 nsumptlon as remainder only 5%

nes and weirs can have 2 to 5% accuracy

l-i .

#::: rrent metering stations 2 to 5% accuracy

==

_-l-
—
_-—

_—_‘_

e
—
e —

= SHJICG and radial gates —
— 2 to 10% accuracy, free flow
— 5 to 50% accuracy, submerged flow



S
Key Water Measurement ..

= Locations

- -

lere water is extracted from water
pply (i.e., reservoir or groundwater)
BWWhere water passes from one
= administrative unit to another (e.g., water

o
—

— district to farmer)
—* Within administrative unit
—to aid in overall management




Broad-crested weilr measures
Water diverted from river




Zero-setting of |
Long-throated Hume for farm delivery







.

" WinFlume

SOFTWARE FOR THE DESIGN AND CALI BRATION OF
'ONG-THROATED FLUMESAND BROAD-CRESTED WEIRS

o —

Water Resources Research
Laboratory

Denver, Colorado

ARID-LAND
AR -
RESEARCH CENTER e

U.S. Arid Land Agricultural International Institute for Land
Research Center Reclamation & Improvement




—
omponents of Long-Throated Humes
proach Channel 2




.
Advantages:

-

Accurate

Provided that criti OW C In the throat, a rating table can

~ be calculated with an error of less than 2% in the listed

“dlscharge The calculation can be made for any combination of
~ a prismatic throat and an arbitrarily shaped approach channel.

|de range of flows

e ""_-
—

, * The throat, perpendicular to the direction of flow, can be

&
g —— A p—

= shaped in such a way that the complete range of discharges
can be measured accurately.

-+ Low head loss

* The required head loss over the weir or flume is minimal to
ensure a unique relationship between the upstream sill-
referenced head, h,, and the discharge, Q.

» As-built calibrations are possible




' 1n Criteria, Methods

)jectives -

1| .. ola _ a = A

i

—

Viaintain necessary
" .__l\_/laintain at flow (ensure free flow)
i at maximum flow must be
Secondary Design Criteria (2)
&= = Control section must produce sufficient head to provide a user-specified level of

: at both and flow, based
~ on the precision of the device used to measure upstream water level.

~ Control Section Adjustment Methods ¢ Head Loss Objectives

— Raise sill height — Minimum head loss

— Raise entire throat section — Maximum head loss

— Raise inner section of throat (used with complex — Intermediate head loss
cross-sections) — Match head loss to drop in
Adjust lateral contraction by changing bottom canal invert at site
width of throat section or changing diameter or
focal distance of circular or parabolic sections
(only option for movable-crest flumes)




_ Other advances in_
~ flow measurement
~+ Ultrasonic
~ _Transit time
— Doppler — multipath/profiling

* Magnetic (pipe flows, smaller pipes)




igation Productivity is limited by Uniformity

.

S




igation systems have some nonsuniformity,

hich influences yield and irrigation efficiency

-

Location

Soil surface

W ater stress

/1N

Required Depth

™~ W aterlogged?




ame nonuniformity is self created.

* Most non-uniformity tends to be systematic!




Irrigation Uniformity influences water

2 . . 11 1)
m e consumption and “losses

= 180 -

g 160

=

< 140

.
== O
- < 120
- = T Excess
- © 100 —

e Deficit l

Q 80 -

© — CV=20%

= 60 -

— Target
40 I I I I
0% 20% 40% 60% 80% 100%

Portion of Area



Irrlgators apply extra water to avoid deficits caused by
nlformlty but there Is diminishing return

Reduced
Deficit

Increased
Applicati

Water Depth or Amount

0% 20% 40% 60% 80% 100%

Portion of Area




rovmg uniformity reduces Water applled
i and reduces the deficit,
~_and may also Increase consumption

200
« 180 -
c
= CV=20%
o 160 -
E
| 140 -
= . CV=10%
e O Less
- £ 0 e
]
T o | Less extra water
@ 100 -
o
| &
® 80 -
]
©
= 60
40 I I I I
0% 20% 40% 60% 80% 100%

Portion of Area



igation Efficiency (Burt et al. 1997)

water IS only considered beneficial or not
‘When it leaves the boundaries

is defined in terms of a time interval

~ Volumeof H2Ow Beneficially Used
~ Volume of H20w Applied — AStoragew

I

x 100%

-

==

?}plication Efficiency (Burt et al. 1997)

ooy —
—
o

—  —Event based
— Primarily to add water to soil storage
— A target application amount is implied
= Ave. Depth of H20w Contributing to Target

Ave. Depth of H20w Applied

x 100%




100%

80%

? 60%
9
O

40%

20%

0%

R ® @ @
Application
Efficiency values
R D G S
Irrigation
Efficiency
50 100 150 200 250 300

Day of Year




.
ity of Irrigation.Project+

| T TR —— .




pution from Main Canal. -

rimary Canals

200,00 ha to 20,000 ha

7,

Relative frequency

0.0 0.5 1.0 1.5 2.0

Relative water amount



Example of Actual Measurements




ater Distribution is the rssult of Chaos.

—.

' Distribution from one level to the next

2 hato plants

AT LT

Relative frequency

0.5 1.0 1.5 2.0

Relative water amount

o
o



scale distribution of v@_eﬁo pr-——

s can be related to productivity

a

20,000 hato plants w/ losses

L
-

AT LT

Relative frequency

0.5 1.0 1.5 2.0

Relative water amount

O
o




e
ding extra water to make up ..

ystem losses

RIS = 1.36
>
S
Q
-
| 8
| = =]
E L/
IS
2
0.0 0.5 1.0 1.5 2.0

Relative water amount



e
ding extra water to make up ..

)oor water distribution

RIS=2

>
(&)
c
()
=
|1 ©
@
| o
.Z
2 ﬁ
5
0.0 0.5 1.0 1.5 2.0

Relative water amount



Chaos Rules. .~

N e operated manually!

Operators adjust manual gates to distribute flow
between off-takes and check structures.

= At a division point,
&« The water level will rise or fall until outflow equals inflow.
| : * Flow distribution depends upon the relative setting of the
gates.

- * Unsteady How causes Chaos
— Gate changes cause downstream flows to vary.
— Upstream changes arrive gradually downstream,
— FHow to users varies over time.

— This is iIndependent of flow measurement errors.




Upstream Control
Control.is rapid, but

__ Errors go to downstream end

A—j
Pl
Y
|

~Na

Spill or
Shortage



Downstream Control

Delays can be long, but
Errors go to upstream end

Adjust
Inflow




Software for Automated Canal I\/Ian_z_igement
| SacMan - -




—
nponents of controlloegic

Feedforward
controller




olume Co?ﬁpens lon Feed-Forward Routing

At = AV/ AQ

i 81

i

- delay time,

i

—

g

295
Q, =292.5 cfs
Upstream V, = 89.0 ac-f
= = Downstream
o 290 I
o I
g ___ | At=AviAQ '
@ _ .
: =41 min |
w 285
Qi =282.5cfs I
V. = 88.5 ac-ft ]
280 | |
6:00 7:00

Time

8:00



— .
anal Automation Scheme__

Water Supply Water Supply
Schedule Constraints
Local )
Control [€ > Central Observation < Water Demands
. and Control \
- / Water Delivery
Loca' SChajUIG
N Control
Local

Control

Local
Control

T

Local
Control

T




SacMan Control
Program

GE Spread-
Modbus Spectrum
Driver Radio System

SacMan - Orders
Program

View Node SCADA Node




dutomation with SacMan

2r orders are entered into computer

_r_puter routes flow changes through canal
ystem based on volume compensation

#Canal operator opens turnout gate at prescribed

= ek
e T <

e — o
= = —

'F_.-T.-=-‘|-|-l- —

L " ——

— * Water level errors are corrected with feedback
control (new technology works!)

* Headgate and check gate flow controllers
maintain flow balances

* Main canal pool volumes are varied to balance
secondary canal volume errors




Automatic Controls remove

NC-Lateral

Manual Automatic Manual

Deviation from Operating Level (ft)

T T T T T T T T T T T T T 1
8/1/2009 8/3/2009 8/5/2009 8/7/2009 8/9/2009 8/11/2009 8/13/2009 8/15/2009




hnology for improving contrc
~ for surface irrigatio

¥ LT 4

“aser-quided land grading is essential
for improving surface irrigation




% WinSRFR 3.1.1 Project Management - Farm: Farm 1

File Edit “iew Tools Help

D W|o oK

| Farm: Farrm 1, Field: Field]

Analysis Explorer
E|. Farm: Farm 1
=W Field: Field1
EH:I Ewent: Folder 1
- [1 Douhle-Click here to start an Event Analysis

: Al El{:l Design: Folder 1
= [ Double-Click here to start a Design Analysis
= El@ Dperations: Folder 1

- [E Double-Click here to start an Operations Analysis

El@ Sirnulation: Folder 1
~[E8 Doukle-Click here to start a Simulation

4| | »

Details - Farm: Farm 1

IID | Mates |

Marme: IFarm 1
Created:  “Wed, Jul 08, 2009 2:45 FPh4
Chwner: I

e
T ARID-LAND

lr AGRICULTURAL
azs RESEARCH CENTER

WInSRFR Worlds

Event

] Simulation
Analysis

Operations
Analysis

Physical
Design

Press button to enter WinSREFR Warld

New WinSRFR Project created

User Level: Advanced | 245 PM -




=

erent analyses are performed in...

_ different WinSRFR Worlds

WIinSRFR Worlds

Event . .
Analysis Simulation
Physical Operations

Design Analysis




.
v/ent Analysis World

— Evaluate |rr|gat|on events
" Determine infiltration parameters

"+ Simulation World

" -
- g
5T

= — conduct simulations

# “* Physical Design World
== — Determine field dimensions

* Operations Analysis World

— Determine flow rate and operating rules
* Time-based cutoff
* Distance-based cutoff




"-I.-"E: -

e flow model simplifications

=)

ero-inertia
'_ibrium model)

= -‘-'-' Klnematlc-wave

—— — (normal depth model)

* \/olume balance

(assumed average surface depth
model)




e

. Data Exchange

% WinSRFR 3.1.1 Project Management - Benson 2-2-1 Furrow Example.srfr (..
File Edit Yiew Tools Help
B

[Analysis Explorer

=@l Farm: Benson Farm WInSRFR Worlds

=W Field: F1
=3 Event: Infilration Parameter Estimation
w, ' F1-Menriam Keller Infilttion Estimation Event .
& F1-2 Point Method Infiliration Estimation s Simulation
1 = (2 Design: Furrow Design

& Dmin =B0mm
=& Operafions: Three Irigations
& 15t Irigation of the Season (Dmin = 50mrm)
& 2nd Inigation ([Dimin = 80 mm)
- @ 3rd Imigation (Dmin = 100 mm)
= & Simulation: Furrow 2-2-1 Physical Operations
& 1stIrigation of the Seasan (Dmin = 50mm) Design Analysis

Press button to enter WinSRFR Waorld

Details - Farm: Benson Farm

M| hos |
USDA

Mame Benson Farm
; T ARID-LAND
- Created:  Wed, Sep 21, 2005 813 AM @AGRICULTURAL
Sy RESEARCH CENTER
N Owner: |
— Display of the currently active Farm/Field or Project/Case User Level: Advanced | 3:45PM /|

PRI P Bo-M- =
ar|| Inssr | Pace | Fony | Data | Revie | View | Deve | @ - = X
g A; PR Enter f Edit Furrow Cross Section Data

— -
-, - E . -4 Eile Edit
g— -' Paste || Font  Aignment Number Sty | Cells | ) _ )
— l J Furrow Cross Section Data Furrow Shape
Clipboard 5 Editing |

—
—

— FitTo —> |Trapezoid -
E6

Frofilometer Trapezoid

—Prafilometer Data

A B

1 |Profilometer Table No. of Rods 21 =
Rod Spacing (mm) 20 =

[ ] ]
with Windows  [E==8
Profilometer Data
[ ] [ ] Fuiod Location| Rod Depth \—/
{rm)* {mmm)
applications | P
: -180 3

-160 12
-140 15

»

-120 28 Trapezoid Furrow
—;E” :3 Meox Depth {mm) m
| |so 22 LI Bottom Width (mm) 85 :
an nn Side Slope (HY) .60 -
Cross Section Area (m?®) = 0.018 Trapezoid Ares (m?) = 0.016

Cancel Help




—._h
imulation World

Find

geometry volution of surface and
ngth subsurface flows
';"; section o Q(x,t)
Bottom description (slope or o A(X,t)
bvatlons) o Z(x,t)

l-i

#*‘*ﬂ il and crop hydraulic ® Performance measures
—— properties o Application efficiency (AE)

- = | nfiltration o Distribution uniformity (DU)
o~ Hydraulic resistance o Adequacy (AD)

® Management variables o Runoff and deep percolation
o Inflow as a function of time fractions (RO% and DP %)

o Downstream boundary
condition




—._h
ent Analysis World.
Find

1 geometry Performance measures
ngth o Application efficiency (AE)
'?3 section o Distribution uniformity (DU)
_ Bottom description (slope or o Adequacy (AD)
| Eevatlons) o Runoff and deep percolation
=, 'anagement variables fractions (RO% and DP %)

i

*5%__—__-, s Inflow as a function of time @ Infiltration parameters

~ o Downstream boundary (resistance parameters in
condition future versions)

® Observed outputs
o Advance/recession
o Runoff
o \Water penetration profile




Analysis Options

riaation performa
/aluation

= WinSRFR 3.1.1 - Furrow - Merriam-Keller post-irrigation volume balance ... E]@E]

Cross Section Upstream Condition

Irrigation Event Analysis

Iwanta Performance Analysis using ...

— Hlliott-Walker 2-pt method

* Erosion parameters
estimation

Results are available: Yiew using the Results tab User Level: Advanced

— Erodibility and critical shear)




T ———
—

- o

—._h
“Besign World

e

vVenr

2ld geometry
- Cross section
Z_’:'Slope or bottom elevation
* Soil and crop hydraulic

~ properties

~—  — Infiltration

— Hydraulic resistance

* Management variables
— Available flow rate

— Downstream boundary
condition

Fir_lgl |

that will
attain feasible and
practical levels of
performance




.
Operational Analysis.World«

e

A?T,'L:' 3 - _ : Fl Dg .

| geometry and
Cross section combination(s) that
‘Slope or bottom elevation will attain feasible and
%- Sield dimensions practical levels of

= Soil and crop hydraulic performance

= .

:_:fﬂ_.:_pTopertles

~ = Infiltration
— Hydraulic resistance

* Management variables

— Downstream boundary
condition




& WinSRFR 3.1.4 - Furrow Design - Given a Furrow Set Width, graph tradeo... E@§|
File Edit Yiew Design Help
== ALY

Farm: e-Journal of Land and "Water, 2007, %al 1, 20-43, Field: e-Journal Examples
Folder: Sloping Furrows, Analysis: 5.2 Sloping Furrow

Input Surmmary  FPAEmIn lDUmin] RO ] DF ] Dapp ] Dilgy ] Teo ] ] ] Sulutinn] Hydraulic Summary
Potential Application Efficiency [%]

040 - 50 Okd-70
o500 - &0

1200

1000+

"% Water Distribution Diagram

To update the Water Distribution diagram, use the controls atthe battam,
or hold dawn the Ctrl key while moving the mouse owver the contours.

Distribution of Infilrated Depths {Dreq = Dmin}
'H:IIEI 2[||D EIEIU 4[I|[|

1004Required Depth

150

(/)] 212 sOfU] 185 Mol

(L uonEg U

2001

2501

300

s s . . .
+ + 1 t t
] 100 200 300 400 500
Distance {m) N
A Performance Indicators
Infiltration
Required Depth = 544,53 m RO % = 0% PAE = 38.3 %
600 n Dro = 0 mm DUmin= 0.384
=£57.07 1/s DF % = 6l.6 % Dinf = Z35 mm
=4973.8 nin Ddp = 145 wm Dmin = 90 unm
=4594.6 min Dapp = 235 mm Dlg = 155 mm
1.0825 Mo cutback

Contour Point Cancel
Length Ly F#46 =] FlowRate(q) B571 = SovessSolion | Help |

7
Results are available: Yiew using the Results tab Pg 2/11 |User Level: Advanced

Furrow Length [m)

Design World | System Geumetrﬂ =oil f Crop Froperties | it oy Management| E




-

ormance of End-Of-Advance ..

s

i

3Signed basin with varying inflows

Infiltration

Advance & Recession

1] 20 40 G0 aa 100 120

004 T 500

4004 T 400

=3

5 =

3 300t 300 z

i ] :

i =——d B =

==z ] 3

B o0t 200 3

—

- 100t 100

20 40 1] a0 100 120

20 40 1] a0 100 120

=

Distance (m)

Bazin Field - Simulation:End of advance dezign test- q=143.75 (62.5%:)
Bazin Field - Sirmulation:End of advance design test- q=172.5 (75%)

0
Distance (m)
== Bazin Field - Simulation:End of advance dezign test- q=201 (87 5%)

0
= Bazin Field - Simulation:End of advance design test- q=143.75 (62.5%:)
= Bazin Field - Simulation:End of advance dezign test- q=172.5 (75%)
== Bazin Field - Simulation:End of advance dezign test- q=201 (87 5%)
-_— Bazin Field - Sirmulation:End of advance design test- g=230
E— Bazin Field - Simulation:End of advance design test- g=258.75 (112/5%)
— Bazin Field - Simulation:End of advance design test- g=287.5 {125%)

Bazin Field - Sirmulation:End of advance design test- g=230
Bazin Field - Simulation:End of advance design test- g=258.75 (112/5%)
Bazin Field - Simulation:End of advance design test- g=287.5 {125%)



Research model for prediction of

. Sedimentation and fertigation...

& Hydrographs - G[X.T)

[=/B] 0

Time [h]

— Gl m]

= [ [#<51 m]
— G[=102m]
— Gfs=153m]
= =204 m]




e Summary
prove water productivity through:

w—

aluation of water destinations

__';_'* ere does the water end up?

stter flow measurement
esign of flumes with WinFLume

=% Improved control of water distribution

¢ Improved design and operation of
Irrigation systems

— WINSRFR and laser-guided land leveling for
surface irrigation




