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Agreement between this ET estimate and that calculated from individual crop areas
and crop water requirements was achieved by reducing the alfalfa area by 20 per-
cent (MacGillivray 1980). In effect, this allocates all the underirrigation to alfalfa
which generally agrees with our conclusion as discussed above. Kaddah and Rhoades
(1976) also made a similar adjustment in their estimate of 1973 crop ET, 2.29 km?/y.
They reduced alfalfa ET by 12 percent; without this adjustment their total crop ET
would have been 2.38 km?/y. Our higher estimate of crop ET, 2.53 km?/y, reflects the
increased area of alfalfa in 1977-1979, 70,600 ha, compared with 58,700 ha in 1973.

Underirrigation of alfalfa results in an economic loss. Twenty percent underirriga-
tion reduces alfalfa yield about 30 percent (Donovan and Meek 1983). It is difficult
to correct. The challenge is to apply sufficient water between April and September to
shrinking and swelling soils, with high initial infiltration rates but low saturated
hydraulic conductivities, to meet the high alfalfa water requirements between July and
September. Irrigating more than twice per cutting during summer is limited by a cut-
ting schedule of once every 28 days, and the need for dry soil conditions for haying
operations. Consequently, if underirrigation during July through September cannot be
corrected by increasing the number of irrigations or applying more water per irrigation,
one alternative is to overirrigate before June in an attempt to increase the amount of
stored water available for plant growth. Another alternative currently under study is to
increase infiltration using control traffic lanes to reduce compaction (B. D. Meek,
private communication).

IMPLICATIONS AND CONCLUSION

Drainage. Our estimates may be low. Several studies (Chang et al. 1983; Herms-
meier 1973; Robinson and Luthin 1968) have shown that as much drainage water may
move downward past subsurface drains as is removed by subsurface drains. If the drain-
age values we report are only one-half of the actual value, the implications are: under-
irrigation would be increased by about 0.13 m (or 0.24 km?/y) to a total of 0.26 m
(0.48 km?3/y), and if on-farm deliveries were sufficient to meet full crop ET and runoff
continues unchanged, the required on-farm deliveries would increase from 3.30 km3/y
to 3.57 km?3/y. This volume exceeds that (3.45 km?/y) entering the valley at drop one.

Water requirements, IID. Estimated water requirements (table 9) consider two
alternatives: full ET with and without recycling drainage water for irrigation. Both
include a runoff component of 5 percent and a leaching requirement that corresponds
to a no-yield reduction due to salinity. Without recycling drainage water, the leaching
requirement was estimated following the methods proposed by Rhoades (1982) for
infrequent irrigation using threshold salinities for each crop (Maas and Hoffman
1977). The resulting required drainage depth was 0.18 m (0.33 km?/y) when weighted
for individual crop acreage. This corresponds to a leaching requirement of 12 percent
and at a steady state, a drainage water with a salinity of 9 dS/m (Oster and Rhoades
1975).

Blending this water with an appropriate amount of Colorado River water could result
in 0.50 km3/y of irrigation water with a salinity of about 6 dS/m. In principle this
water could be used to irrigate cotton, barley, sugarbeets, and wheat without causing
a yield loss, provided the leaching requirement of 30 percent could be achieved. The
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final drainage volume would be about 0.14 km?/y. Although the practicality of achiev-
ing such a recycling strategy is questionable, it results in the lowest estimate of the
required water (2.81 km?/y) which, in principle, would be achievable without yield loss
due to excessive levels of soil salinity.

Recoverable water. The volume of runoff water in columns 6 and 7 of table 8,
0.43-0.48 km?/y, represents one estimate of recoverable water. It assumes recovery of
all runoff water, continuation of underirrigation practices and areal cropping distribu-
tion (table 3) existing in 1977-1979, and no change in drainage volume. Other esti-
mates, based on meeting crop ET and leaching requirements, are lower. Assuming
an on-farm delivery of 3.00 km?/y and 5 percent runoff, recoverable water ranges
from —0.01 to 0.19 km?/y without and with recycling drainage water. The correspond-
ing numbers for no runoff component would be 0.14 and 0.33 km?/y. Runoff could be
reduced to zero, in principle, if each field had a pumpback system. Cost estimates of
pumpback systems range from $6 to $20 per 100 m? (California Department of Water
Resources, Southern District 1981). Since water costs are currently about $6 per 1000
m3 current economic incentives to install pumpback systems are small.

Other recoverable losses (California Department of Water Resources, Southern
District 1981) include canal spills (0.06 km?/y), seepage (0.04 km?/y), and canal lining
(0.14 km?/y). Including these sources and assuming 5 percent runoff and the 1977-1979
areal crop distribution, the total potential recoverable water from IID operations within
the Imperial Valley would range from 0.23 to about 0.43 km3/y. Without runoff the
corresponding numbers would be 0.38 and 0.57 km?/y. These numbers bracket the
eventual reduction in Colorado River water available to California, 0.5 km3/y. Conse-
quently, the results from this study indicate water savings from both on-farm and IID
operations would be required to offset water diversions by the Central Arizona Project.

Potential users of saved water. An irrigatable area of 40,000 ha exists on the
west mesa of the Imperial Valley with a water requirement of about 0.60 km?/y.
Coachella Valley could use 0.21 km?/y to irrigate an additional 15,000 ha. Both the
Coachella and Imperial valleys have the same water rights to the Colorado River, and
these are higher in priority than those assigned to coastal southern California.

A water exchange between IID and the Metropolitan Water District (MWD) may
be legal (Stavins 1983) and is currently the subject of negotiation. Electrical capacity
and energy represent the major portion of delivery costs by MWD from either the
Colorado River or northern California. The energy required to deliver Colorado River
water is about 1000 kilowatt hours less per 100 m? than that for northern California
water (Stavins 1983).

Public law 96-375, passed in 1980, authorizes the Secretary of the Interior to
determine the feasibility of obtaining 0.12 km?/y “for existing and potential domestic
water users along the Colorado River who do not hold water rights or whose rights
are insufficient to meet their requirements (e.g., City of Needles).”

In summary the age of unlimited Colorado River water is slowly coming to an end.
Although the current irrigation efficiency of IID is above average (Bureau of Reclama-
tion, Lower Colorado Region 1983), there is room for improvement. In principle,
potential water savings in IID during 1977-1979 resulting from reduced on-farm run-
off and reduced conveyance losses could have equaled the maximum reduction in
Colorado River diversion by California (~0.5 km3/y) which will result when the
Central Arizona Project is fully implemented.
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