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Units: 
1 Hectare is ~ 2.5 acres
1 ac-ft is ~ 1,233 cubic meter
1 ft is 0.3048 m



Colorado River Basin 
- Annual allocation: 20.34 BCM

Higher than the 100-year average 
annual inflow into Lake Powell: 18.62 
BCM

- Storage Capacity: 74 BCM 

Annual Flow: highly variable from 
year to year

- Current water level in Lake Mead: 
below 49% of capacity (August 2015)

Capacity 32.2 BCM at 1219.6’ elevation

Currently (Aug.24, 2015) 15.8 BCM at 
1078.07’ elevation

BCM: billion cubic meter



Lake Mead Water Levels — Historical and Current

June 2015: 1075.08’        July 2015: 1078.15’
Last time below 1075’ elevation was in April 1937  

Source: http://www.arachnoid.com/NaturalResources/



Lake Mead Water Levels — Historical and Current 
July 2010



Lake Mead Water Levels — Historical and Current 
July 2015



Lake Mead Water Levels — Historical and Current

Current conditions at Lake Mead (July 2015) 
37m drop in elevation since July 2010

July 2010 July 2015



The Colorado River Compact is a 1922 agreement 
among the seven states

Upper Basin, 9.25 BCM/year 
Colorado 52% 4.76 BCM/year 
Utah 23% 2.11 BCM/year 
Wyoming 14% 1.28 BCM/year 
New Mexico 11% 1.04 BCM/year 

Lower Basin, 9.25 BCM/year 
California 59% 5.43 BCM/year (Imperial Valley 3.82 BCM/year) 
Arizona 37% 3.45 BCM/year 
Nevada 4% 0.37 BCM/year 

Mexico
1.8 BCM/year

BCM: billion cubic meter



• Land fallowing (no crop/irrigation for one to two years)
• New cropping systems (low water use crops, organic 

vegetables and crop rotation-from two crops to one crop)
• Summer Deficit Irrigation (Alfalfa) vs. Land Fallowing
• Subsurface Drip Irrigation (SDI) on field crops
• Automation of Surface Irrigation Systems

• Potential reuse of saline and drainage water (moderately 
tolerant to salinity; ~3-7 dS/m)- not discussed in details 
here

Irrigation and Management Strategies for Irrigated 
Agriculture in Arid and Semi-arid Regions



Case Study:
Imperial Valley (Southern California)
- Irrigated area: ~ 200,000 ha 

- Potential reduction in water available to agriculture from the long term average 
of 1850 mm per year to:

- 1,500 mm/year (currently 18% reduction from the long term average)
- Water transfer from agriculture to urban areas 

(Southern California- Los Angeles and San Diego)
- More reduction is expected in the future (supply/demand) ?
- 15 year drought (Colorado River Basin)



Imperial Valley

- Rainfall: less than 75 mm/year 

- Surface Irrigation: ~ 80 to 90% of irrigated area 
(changing fast- more sprinkler and drip irrig.)

- Surface & subsurface drainage: ~30-35% 
(declining)

- Ag. flow to Salton Sea ~ 1/3 of applied water 
(declining)



Irrigation system
~2,250 km of irrigation canals
~2,250 km of open drainage channels



Imperial Valley Agriculture- 2013

Commodity Harvested Acres Value 

Livestock $617,371,000

Field Crops 332,727 $470,461,000

Vegetable and Melon Crops
(40% of total value)

121,371 $865,401,000

Fruit and Nut Crops 7,793 $100,019,000

Seed and Nursery Crops 68,037 $100,557,000

Apiary Products $4,708,000

Total 565,372 $2,158,517,000

Source: Imperial County Agricultural Crop & Livestock Report-2013
1 ha ~ 2.5 acres



• New commercial crop in the region: Olives
• Relatively low potential water use (0.6-0.9 m/year)

• Spacing, variety, irrigation system, etc
• Establishment: 3-4 years before viable yield
• Potential reuse of drainage water (moderately tolerant to 

salinity; ~3-7 dS/m)
• FAO Kcs (0.55 to 0.65 for 40 to 60%  ground coverage)?
• Potential savings: 30 to 40% of current applied water

Cropping Systems



• FAO Kcs (0.55 to 0.65 for 40 to 60%  ground coverage)?
• Potential savings: 30 to 40% of current applied water
• Super High Density and Drip Irrigation 



Imperial Valley Vegetable Crop Growing Season-
Temperature and ET (September to March)

Planting: September to December
Harvesting: Late November to late March

Crop Water use: 600 to 900 mm (ETc: 300 to 450 mm)

Month

ETo (cm/mo)



Traditional (past) irrigation practices on 
Lettuce  and other vegetable crops

- 1 m  beds (furrows)
- Two rows of lettuce per bed
- Sprinkler irrigation for germination then 
Flood (furrow) irrigation
- Water use ~ 900 mm



Current Practices on lettuce and  other vegetable crops

- 2 m beds (furrows)
- Six rows of lettuce per bed (50% increase in crop density )
- Sprinkler irrigation for germination /entire growing season

Flood (furrow) irrigation is not practical for 2-m beds
- Reduction in water use per acre (water use  600 to 750 mm)
- Higher water and fertilizer use efficiency (no runoff, more crop per drop)
- Lower production cost and lower water use per box (more crop per drop)



Organic Vegetables and Water Conservation

- Standard Rotation (Vegetable then field crop )
two crops per year

- Three year wait to convert to organic (high demand)
- Fallow land for two years (conserve water & $$$)
- Convert to organic after only one year
- Organic (one crop per year, no crop rotation due to 
land preparation) 
- Water savings (high return)



Advantages/savings:
Water, fertilizers, labor, TMDL



Summer Deficit Irrigation- Alfalfa 
- No irrigation in July, August, and September
- High water use, lower quality hay/yield
- Low water use efficiency (kg/cubic  meter of applied water)

Month

ETo 
(cm/mo)



California

• Alfalfa is California’s single largest agricultural water user

- About 400,000 ha of alfalfa

- About 5 to 7 BCM of water per year

• Surface (flood) irrigation is the primary method of 
irrigation for alfalfa and other field crops in California

• Imperial Valley:
– 55,000 ha
– Water use 1.85 to 2.1 m/year



Imperial Valley (flood, 2 irrigations/cutting)

Summer WUE= 0.66 kg/cubic meter applied

Imperial Valley WUE= 0.89 kg/cubic meter

Imperial Valley Subsurface Drip Irrigation(SDI)
Up to 1.48 kg/cubic meter



Deficit Irrigation on Alfalfa
flood vs. SDI

• Flood: Termination of irrigation
in July-September on alfalfa
• Potential savings: up to 
6-9 irrigations- 0.6 m 
• Issues: Salinity, yield
reduction, stand loss, weeds 

SDI: regulated deficit irrigation
Ability to apply small amounts of
water to maintain  stand



Landsat false-color image: Red color represent surface reflectance in 
near-infrared waveband, which is directly proportional to vegetation biomass.

Standard                                                                                                   Deficit
Irrig.                                                                                                           Irrig.



Field 43: Deficit irrigation was applied from Jul 14 to Oct 11, 2008. 
The difference in ET is due to a combination of irrigation treatments and cutting.

Deficit irrigation

(Saleh Taghvaeian, Oklahoma State Univ.

and Khaled Bali, UCCE)



(Saleh Taghvaeian, Oklahoma State Univ.

and Khaled Bali, UCCE)

Field 126: Deficit irrigation was applied from Jul 18 to Oct 10, 2008. 
The difference in ET is due to a combination of irrigation treatments and cutting.

Deficit irrigation



Value of 
conserved water

Hay price ($/ton)
$100/ton $150/ton $200/ton $250/ton

$/cubic meter of 
conserved water

$0.09 $0.14 $0.18 $0.23

$/ha (0.58 m of 
water)

$540 $810 $1,080 $1,350

Value of Conserved Water
Palo Verde Valley (Southern California)
Average value of conserved water



Subsurface Drip Irrigation Alfalfa





Economics (1st& 2nd year hay)



Gross profit @ $140/ton hay (long term avg.)
(current prices: $240-260/ton)

7% profit (drip)

Units: 
1 Hectare is ~ 2.5 acres
1 ac-ft is ~ 1,233 cubic meter
1 ft is 0.3048 m



Automation of Surface Irrigation 
Systems 



Automation of Surface Irrigation 
Systems

• Irrigators typically work in 24-hr shifts

• Make decisions on when to turn the water off based 
on a number of variables (flow rate, advance rate, 
crop height, etc)

• Automation: smart decisions based on accurate and 
real-time data (flow rate, advance rate, automated 
gates, ETc , and other variables) 



Optimization (Automation of surface irrigation systems)

- The process of considering all flood irrigation variables to 
improve on-farm irrigation efficiency

- Adjust irrigation time to allow for changing crop roughness 
(height and density of the crop)

- Adjusting border/set length to allow for variable soil type 
across the field

- Adjusting flow rate to an irrigation set (one or more 
border/land) to improve efficiency

- Computer simulation models are needed

- Accurate measurements during irrigation events (flow rate 
and advance rate)



Optimization
- Soil type 114 & 115 (heavy soils)- lower flow rate or high flow rate will work 
depending on the time of the year (considerations: erosion rate & scalding)
- Soil type 106 or 110 (lighter soil)- higher flow rate to increase efficiency
- Soil type 115 & 106 (change flow rate during the irrigation event)



Automated Surface Irrigation:

Early attempts on Automation

Motorization of Existing Gates:

Existing Port Gates Gates Motorized w/Linear Actuators

Apresentador
Notas de apresentação
Motorization of existing port gate turnouts presented an initial challenge.  For manual operation, a rod attached to the gate leaf is pushed or pulled to adjust the gate opening.  To manually close these port gates, the gate is lowered to the bottom of the travel guides, then the rod handle is rotated approximately 90 degrees.  This rotation causes a bend on the lower end of the rod (at about the center of the gate) to press inward and force the gate leaf against a steel ring imbedded in the canal lining to seal off flow.  The rotating lever apparatus (shown in the center and right photos) was developed to attempt to mimic the functions of the manually operated rod.  Despite repeated efforts to address problems, the motorized gates proved unreliable.



Automated Surface Irrigation:

Turnout Flow Control Prototypes

Hydraulic-Operated Turnout                  “Pinch Valve” Turnout

Apresentador
Notas de apresentação
The hydraulic-operated turnout shown at left consists of a plastic cylinder installed directly above an opening in the bottom of a box.  Water flows from the canal into the box.  A small motor valve controls filling or draining of the cylinder.  With the motor valve in “off” position, water flows from the box into the cylinder.  The combined weight of water in the cylinder plus concrete weights that have been placed inside the cylinder will keep the cylinder seated down against a seal installed along the perimeter of the hole in the bottom of the box.  When the motor valve is moved to “open” position, water begins to drain from the cylinder into the field until the cylinder (with concrete weights and remaining water) becomes sufficiently buoyant to raise up and allow water to exit out the hole in the  bottom of the box and into the field.  Flow into the field is stopped by returning the motor valve to “close” position and allowing the cylinder to re-fill until it becomes negatively buoyant and seats down over the hole.

The pinch valve shown in the right photo is made by installing a section of flexible irrigation pipe inside a section of rigid pipe.  A slot opening in the upper half of the rigid pipe allows a “pinch ring” – a steel ring with foam padding – attached to a linear actuator to move down and pinch the flex pipe against the lower half of the rigid pipe and shut off flow.



Automated Surface Irrigation
Automation Demonstration Layout

Apresentador
Notas de apresentação
The demonstration project is located at a DREC field with approximately 1200’ run length.  The field is configured with 60’ wide border sections.  For the Reclamation-DREC project, automation will be directed at a master station located adjacent to a long-throated flume in the supply canal.  The master station will monitor flow rate and incremental flow volumes throughout the irrigation.  The master station will direct operation of each of the turnout control devices at the head of each respective border section.  An advance sensing station is located 600’ (half of the run length) between the first and second border sections.  Surface water advance sensors linked to this station will be placed at mid width in each of the adjacent field sections.  A run-off measurement station located at the outflow of the drain canal will monitor field runoff during each irrigation.



Automated Surface Irrigation:

Master Station

Apresentador
Notas de apresentação
An existing ramp flume in the supply canal has been modified for highly submerged measurement using flume approach and throat level measurements.  As an irrigation is started, the master station will also monitor water level downstream from the flume to determine when the canal has filled sufficiently to start an irrigation.  Once the turnout control is opened for a border section, the master station will monitor the volume applied to each section.  Data from each irrigation will be datalogged on-site.



Automation of Surface Irrigation Systems



- Land fallowing has been used as the primary method for 
water conservation in Southern California (no crop or 
irrigation for one to two years)

- Regulated summer deficit irrigation is a viable alternative to 
land fallowing (value of conserved water)

- New efforts for irrigation system improvements-improve 
application efficiency- automation, subsurface drip irrigation, 
overhead irrigation, new technologies (Tule, remote sensing, 
etc)



- New cropping systems (olives, organic vegetables); have 
the potential for water conservation when water resources are 
limited (value of conserved water).

- Multi-state efforts and coordination are needed to reduce 
demand and manage the supply/demand imbalance for the 
entire Colorado River basin. 

- MORE Reuse and recycling of drainage/wastewater is 
needed (some reuse of drainage water but more is needed)

- Stakeholders involvement is key factor in water 
management (agriculture/environment/urban)



Thank You



Thank You
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