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ABSTRACT 

From Imperial Dam downstream, in addition to 

Mexico, the Colorado River supplies water to Arizona and 

California for predominantly agricultural use. In Arizona, 

the Colorado River is the major source of water supply to 

the various irrigation districts in the Yuma area. 

Due to legal constraints, the amount of Colorado 

River water available to the State of Arizona is limited. 

On the other hand, it was discovered that the amount of 

water applied to the soil in irrigation exceeds that amount 

needed for crop-growing. Two areas where the amount of 

water considerably exceeds the requirements, the mesa 

section of the Wellton-Mohawk Irrigation and Drainage 

District and the Yuma Mesa Irrigation and Drainage District, 

were studied in detail. 

The excess water applied on the mesa of the 

Wellton-Mohawk Irrigation and Drainage District flows into 

the Wellton-Mohawk Valley whence it is pumped into a 

conveyance channel and then discharged into the main 

channel of the Colorado River. This drain water has a 

very high salt content and therefore it adversely affects 

the quality of the river water. Since the drain water is 

discharged into the Colorado River above the point of 

diversion to Mexico and it is considered to be part of the 

xii 
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Mexican water allotment, the quality of the Colorado River 

water has become a source of friction between the United 

States and the Republic of Mexico. 

The excess irrigation water from the Yuma Mesa 

Irrigation and Drainage District flows into the adjacent 

valleys as well as into uncultivated areas. In the 

adjacent valleys it is raising the water table and thus 

causing drainage problems. When it flows underground into 

the uncultivated lands, in large measure it constitutes a 

loss of water that otherwise could be put to beneficial use 

by Arizona. 

It is known that flood irrigation is not conducive 

to efficient application of water in the sandy soils that 

are predominant in these areas, and that the effects of this 

application of excess water are diverse and far-reaching. 

The change to sprinkler irrigation would be advantageous 

in many ways and beneficial to all concerned. 

The change to sprinkler irrigation on the mesa of 

the Wellton-Mohawk Irrigation and Drainage District would 

benefit both the farmers and the district financially. At 

the same time, it would decrease the salinity of the 

Colorado River water, thereby improving the quality of the 

water that Mexico receives and, consequently, the relations 

between the United States and the Republic of Mexico. 

In the Yuma Mesa Irrigation and Drainage District, 

the change in the method of irrigation would increase the 
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amount of water available for use by the State of Arizona. 

Furthermore, it would alleviate the drainage problem of 

the adjacent valleys and would thereby decrease the amount 

of drain water flowing back into the channel of the 

Colorado River. In this district, such a change may entail 

a small added cost to the farmer. 

Alternatives for augmenting the flow of the 

Colorado River, such as importation of water from other 

basins, desalting sea water, phreatophyte eradication, and 

evaporation suppression, were found to be economically 

unfeasible at present or still in the experimental stages. 



CHAPTER I 

INTRODUCTION 

The story of mankind is the story of water. 

Civilization has always developed where water was avail-

able. Water bestowed both blessing and destruction upon 

man. Man responded with both deed and myth. His attempts 

to conquer water have progressed from the simple ditches of 

primitive man, to the elaborate irrigation and drain canals 

in Mesopotamia, to the Roman aqueducts, to the modern high 

dams. At the same time, through the ages man has accorded 

water a special niche in his imagery, be it En-ki, the 

water god of the Sumerians; Tefnut, the Egyptian goddess 

of moisture; the Greek Poseidon, god of the sea and father 

of rivers and fountains; Tlaloc, the Aztec god of thunder, 

rain, and moisture; or the Great Serpent, the god of waters 

of the Hopi Indians. 

Even a highly sophisticated society such as that 

of the United States attaches myth to water. This myth is 

in the form of beliefs based on emotions. It is these 

ideas that govern many of the actions pertaining to water. 

Thus, water was removed to a position of uniqueness not 

enjoyed by any other natural resource. 

is regulated by special institutions. 

I 

Water, for example, 

Furthermore, water 
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operates under a different set of laws politically as well 

as economically. Consequently, the image attached to water 

exhibits what Kelso (1967) calls a syndrome, that is, a 

group of signs and symptoms that occur together and 

characterize a disease. 

A consequence of the uniqueness of water is that 

the world of water is a world of contrasts. Despite its 

enormous economic impact, the water itself is treated not 

as a valuable good but as a practically free good. 

serious shortage will not cause a change in price. 

Even a 

Where 

shortage of water is a common worry, water is wasted. 

While the quality of the water is a serious concern to 

users, new drain systems that discharge into the river and 

thus increase the salinity of the stream are being con-

structed. While water laws presume to protect the resource 

from over-exploitation, they actually perpetrate waste by 

not permitting water to function at the optimum of economic 

efficiency. Thus, it was found to be much more romantic 

and satisfying to discover new resources and to construct 

new structures rather than to undertake the unrewarding and 

frustrating search for suitable methods for efficiently 

utilizing the existing resources. 

The Colorado River has been all too typical of this 

pattern. The history of the Colorado River is the tale of 

the construction of some of the largest dams in the world 



and of other elaborate water works while management of the 

water resource was relegated to a low priority. 

3 

It seems that we are about to reach a turning point 

in our set of priorities for dealing with water: whereby 

management is gaining recognition as a required tool for 

preserving our 'vater resources; where pollution is being 

recognized as a man-made problem that requires proper 

management in order that it be curbed; where every proposed 

new structure will be judged by its effects on the eco

system and not only by the additional water or power it may 

supply, and furthermore the economics of the project will 

be seriously scrutinized before approval is granted. 

With these considerations in mind, this study was 

undertaken. The part of the Lower Colorado River Basin 

below Imperial Dam which is in Arizona constitutes the area 

covered by this study. This is a very fertile agricultural 

region. However, precipitation is very low and therefore 

irrigation is essential. Large quantities of Colorado 

River water are applied to the soil causing acute drainage 

problems in some sections. The drain water is discharged 

back into the Colorado River channel, thereby increasing 

the salinity of the river water. Since the Republic of 

Mexico is the next user downstream, any effects on the 

Colorado River resulting from the irrigation and drainage 

practices in this area will have international ramifica

tions. 
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Thus this study combines the many aspects of the 

fieid of water resources. It is an attempt to evaluate the 

system as it operates at present while utilizing applicable 

techniques for improving the water management practices. 

White (1969), in his book Strategies of American 

Water Management, stated: 

The course of events of water management over
seas as well as in the United States indicates 
that the most important single factor clouding 
the horizon is the broadening gap between the 
level of scientific and technological knowledge 
and its sensitive application in daily practice 
(p. 9). 

It is hoped that this work will contribute somewhat 

to narrowing this gap. 



CHAPTER 2 

THE COLORADO RIVER 

In the western United States, the Colorado River is 

one of the most important rivers. 

source of water for a vast region. 

It serves as the main 

The area which is supplied with water from the 

Colorado River has been increasing continually. In the 

Upper Basin, there were 310,000 irrigated acres in 1896 but 

about 1,400,000 ever since 1910. In the Lower Basin within 

the United States, 530,000 acres were under irrigation in 

1930 and 746,000 in 1960 (Olmstead and McDonald, 1967). By 

1963, a total of 1,076,002 acres of land were irrigated 

below Imperial Dam; of these, 639,125 acres were in the 

United States and 436,877 were in Mexico (International 

Boundary and Water Commission, United States and Mexico, 

1963) • 

The Colorado River arises in the Rocky Mountains 

in Wyoming and flows about 1440 miles through mostly arid 

and semi-arid regions in the United States of America and 

the Republic of Mexico to the Gulf of California. The 

drainage basin covers about 246,000 square miles, which is 

roughly one-twelfth of the area of the continental United 

States. In the basin, 61,400 square miles are below 

5 



Imperial Dam, including 2000 square miles in the Republic 

of "Mexico. The Colorado River Basin is bounded to the 

north and the east by the continental divide in the Rocky 

Mountains and to the north and the west by the Wasatch 

Range and many small desert mountains. The Colorado River 

Basin includes one-quarter of Wyoming (the southwestern 

part), the western half of Colorado, the eastern half of 

Utah, practically the entire state of Arizona, and small 

parts of New Mexico, Nevada, California, and the Republic 

of Mexico. 

The headwaters of the Colorado River and its upper 

tributaries originate high in the mountains of Wyoming, 

Colorado, and Utah. In this area the precipitation is 

high--JO to 50 inches of seasonal rain supplemented by 

much snow--and it furnishes about 85% of the flow of the 

Colorado River. The upper portions of the watershed are 

drained by three rivers--the Colorado, the Green, and the 

San Juan--which flow into Lake Powell behind Glen Canyon 

Dam. Water is diverted from these rivers primarily for 

irrigation and some returns to the stream of the rivers 

as drain water. 

6 

From Lake Powell the river meanders southwestward 

to Lee Ferry which divides the Colorado River Basin in the 

United States into two great basins which are separated by 

deep canyons cutting through a high and rough plateau. 
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After the Colorado River flows downstream through 

the Grand Canyon, its channel serves as the boundary 

between Arizona and Nevada for 150 miles, as the boundary 

between Arizona and California for about 250 miles, and as 

the boundary between Arizona and the Republic of Mexico for 

20 miles. From Yuma, Arizona, the river flows for 80 miles 

through the Republic of Mexico until it finally empties 

into the Gulf of California at its northern tip. 

At one time, the Gulf of California extended much 

farther to the northwest. It once reached as far as Indio, 

California which is about 144 miles northwest of the 

present northern tip of the Gulf of California. Sediments 

transported by the river were borne into the Gulf for 

centuries. They formed a long, cone-shaped delta which 

stretched across the entire width of the gulf and even

tually separated the water to the north from that to the 

south. The water in the northern section was cut off 

without replenishment (except by rare floods), and it 

gradually evaporated, leaving a very large depression 

which is known as the "Salton Sink." The bottom of this 

section of the ancient gulf is 2]4 feet below sea level at 

its lowest point. 

Structures 

The present structures on the Colorado River were 

erected to control the flow releases for the various uses, 



to provide storage for flood control purposes, and to 

generate power. The creation of recreation sites emerged 

as a side benefit. (See Figure 1.) 

Glen Canyon Dam 

8 

Glen Canyon Dam is a concrete arch dam located 17 

miles upstream of Lee Ferry. Storage was begun in 1963 and 

resulted in the creation of Lake Powell which has a total 

usable capacity of 25,000,000 acre-feet. The main purposes 

of Glen Canyon Dam are to control water releases to the 

Lower Basin States and thus to make available larger 

quantities of water for use upstream, to impound the heavy 

silt accumulation which enters the river in the southern 

part of the Upper Basin, as well as to generate hydro

electric power (United States Bureau of Reclamation, 

Hoover Dam 

After being released from Glen Canyon Dam, the 

Colorado River water flows to Lake Mead behind Hoover Dam. 

This concrete arched gravity dam was the first major 

structure built on the Colorado River. It is the highest 

dam in the United States, rising 726 feet above the lowest 

point of its foundation. It is located in the Black Canyon 

of the Colorado River 353 miles downstream from Lee Ferry. 

Its construction was authorized by the Boulder Canyon 



Project Act (see Chapter 3), and it has been in operation 

since 1936. 

9 

The dam created Lake Mead which has a total storage 

capacity of 32 ,000,000 acre-feet (United States Bureau of 

Reclamation, 1961). Hoover Dam makes possible the storage 

of flood waters which are released when needed for irriga

tion, domestic use, and the generation of power. 

Davis Dam 

The next structure downstream is the earthfill 

Davis Dam which is located 67 miles downstream from Hoover 

Dam. It was completed in 1951. This dam provides regula-

tion of the Colorado River below Hoover Dam and facilitates 

water delivery beyond the boundary of the United States as 

required by the Treaty of 1944 with the Republic of Mexico 

(see Chapter 3). 

Lake Mohave, the reservoir formed by Davis Dam, 

has a capacity of 1,810,000 acre-feet. Storage in Lake 

Mohave provides the head needed for the production of 

electrical .:!nergy at Davis power plant. 

Parker Dam 

Water released from Davis Dam flows for ten miles 

in the natural river channel, then for 33 miles through a 

dredged channel in the broad Mohave Valley into Lake 

Havasu. Lake Havasu, which has a usable capacity of 

619,400 acre-feet, was created by the construction of 



10 

Parker Dam in 1938. Parker Dam is a concrete arch struc-

ture located 88 miles downstream from Davis Dam. 

Lake Havasu provides a forebay and desil ting basin 

from which the Metropolitan Water District of Southern 

California pumps water into its Colorado River Aqueduct. 

Lake Havasu also serves to control floods originating along 

the Colorado River below Davis Dam and in the Bill Williams 

River drainage basin. Furthermore, it provides a head for 

the production of electrical energy at Parker power plant. 

Headgate Rock Dam 

Fourteen miles downstream from Parker Dam is 

Headgate Rock Dam which was completed in 1942. It is used 

to divert water for irrigating the land of the Colorado 

River Indian Reservation in Arizona. There is essentially 

no storage behind this dam and no hydroelectric power is 

generated. Some of the drainage water from the reserva-

tion lands reaches the Colorado River above Palo Verde 

Diversion Dam, but m~st of it flows into the river below 

this structure. 

Palo Verde Diversion Dam 

Palo Verde Diversion Dam, located about 44 miles 

downstream from Headgate Rock Dam, is a concrete ogee-gated 

weir which was completed in 1957. Stream bed degradation 

necessitated the construction of a dam at this location 

although no dam was needed here originally. Palo Verde 
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Diversion Dam has essentially no storage capacity, but 

rather its function is to maintain a constant pool eleva

tion in the river for the diversion of water for irrigation 

of the Palo Verde Valley in California. 

East of Palo Verde Diversion Dam are located the 

lands of the Colorado .River Indian Reservation, with 

Palo Verde Irrigation District to the west. Drain waters 

from the Indian Reservation and the irrigation district 

reach the river through a few major and numerous minor 

wasteways. Two major drainage return channels on the 

Reservation and the Outfall Drain at the lower end of the 

Irrigation District convey the major portion of the drain 

water from these areas to the river (United States Bureau 

of Reclamation, 1963). The salt content of this drain 

water is about 1500 to 2000 ppm (Arizona Water Quality 

Control Council, 1967). 

Imperial Dam 

Imperial Dam is the northern limit of the area 

covered in this study. It is located about 92 miles down-

stream from Palo Verde Diversion Dam, and it is 18 miles 

northeast of Yuma, Arizona. Imperial Dam is of the con-

crete slab and buttress, ogee weir type. It has been in 

operation since 1938. This dam is a major diversion 

structure for the irrigation of projects in the Imperial 

Valley and Yuma areas. The dam created a lake of 85,000 
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acre-feet capacity. It was not built as a storage dam and 

its storage capacity has decreased with silting. The 

Imperial Dam diverts water westward into the All American 

Canal (capacity: 15,155 cfs) which delivers water to the 

Yuma Project in Arizona and to the Imperial and Coachella 

Valleys in California. To the east, water is diverted into 

the Gila Gravity Main Canal (capacity: 2,200 cfs) which 

carries water to the Gila Project and to the Yuma 

Auxiliary Project. 

The desilting works remove sediment from the water 

diverted by the dam and return it to the river. Clogging 

of the canals is thereby prevented. The area between 

Imperial Dam and Laguna Dam, five miles downstream, serves 

as a depository for the silt removed by the desilting 

works. 

Water is released into the mainstream of the 

Colorado River below Imperial Dam only in order to satisfy 

treaty obligations to the Republic of Mexico. 

electric power is generated at Imperial Dam. 

Senator Wash Dam and Reservoir 

No hydro-

Senator Wash Dam and Reservoir is a small 

auxiliary reservoir which was built in 1965. It is 

located in California just upstream from Imperial Dam. 

The reservoir has a maximum available capacity of 12,250 

acre-feet. It provides offstream regulatory storage, the 
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water being pumped from the Colorado River into the 

reservoir. As the water is released back into the river, 

it generates hydroelectric power. 

Laguna Dam 

Laguna Dam, a rockfill weir, concrete-surfaced 

structure completed in 1909, is located five miles south of 

Imperial Dam. It served to divert water to the Yuma Main 

Canal which supplied water to the Yuma Project and to the 

North Gila Valley Irrigation District. In 1941 a turnout 

was provided at Siphon Drop on the All American Canal to 

supply water to the Yuma Project from Imperial Dam. In 

December 1954, when the North Gila Valley Irrigation Dis

trict started obtaining its water from the Gila Gravity 

Main Canal, Laguna Dam ceased to function for diversion 

purposes. Since then it has served to pro-tect the do,vn-

stream toe of Imperial Dam. 

From Imperial Dam southward there are no diversions 

from the river in the United States except for a small 

amount of water supplied to the city of Yuma. The quantity 

of water diverted for this purpose has decreased con

siderably since the city of Yuma now obtains the major 

portion of its water (9,300 acre-feet in 1967) from the 

All American Canal under a contract with the Yuma Irriga

tion District and by means of the district facilities 

(Arizona Water Company, 1967). 



Southward from Imperial Dam, the flow diminishes 

considerably. The only other source of fresh water in this 

area had been the Gila River, which now supplies water to 

the Colorado River only infrequently in the event of 

floods. (See section below on the Gila River.) The only 

water which does flow regularly into this section of the 

Colorado River is drain water from local irrigation areas 

and the effluent from the Pilot Knob hydroelectric plant. 

The major drains are the Yuma Project Reservation Division 

drain nll the California side of the river and the North 

Gila Valley, South Gila Valley, Wellton-Mohawk, and Yuma 

Project drains on the Arjzona side. 

Morelos Dam 

From Laguna Dam, the Colorado River flows to 

Morelos Dam in Mexico. The river above Morelos Dam 

consists of all the water released at Imperial Dam, plus 

some drain water which returned to the river by both 

controlled and unco~trolled flows, minus the water lost 

by evaporation. 

Morelos Dam is a low weir-type diversion structure 

located in the limitrophe section of the Colorado River 

near Yuma, about one mile downstream from the international 

boundary. It was built to provide diversion to the Alamo 

Canal in Mex~co. 



The construction of Morelos Dam was a result of 

the Treaty with Mexico of February 3, 1944 (see Ch~pter 

3). Article 12 of the Treaty (59 Stat. 1219) reads: 

Mexico shall construct at its expense, within 
a period of five years from the date of this 
treaty, a main diversion structure below the 
point where the northern~ost part of the inter
national land boundary line intersects the 
Colorado River. . The co~nissionl shall 
thereafter maintain and operate the structure at 
the expense of Mexico. 
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Thus, Morelos Dam was built by the Mexican government, the 

construction being completed by September 1950. By June 30, 

1951, a set of rules for the operation and maintenance of 

the dam was adopted in what is known as "Minute No. 197" 

of the International Boundary and Water Commission. 

Water is no longer diverted for use by Mexico 

below Morelos Dam. Thus, Morelos Dam serves as the 

southerrunost diversion structure on the Colorado River. 

The Gila River 

The only tributary of the Colorado River below 

Imperial Dam is the Gila River. At present the Gila River 

is almost completely controlled upstream, and consequently 

practically no water is allowed to discharge into the 

Colorado River. However, because of its past importance 

in the area, the Gila River will be described here. 

1. 
Commission 

That is, the International Boundary and Water 
(Y. G.). 
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The watershed of the Gila River system is about 

57,950 square miles excluding all closed basins upstream. 

This area is chiefly in central and southern Arizona, but 

it does include about 5,600 square miles in New Mexico and 

about 1,100 square miles in Sonora, Mexico. The drainage 

basin of the Gila River includes the cities of Phoenix and 

Tucson and more than 100 smaller communities. 

The Gila River originates near the Black Range ln 

New Mexico, whence it flows westward into Arizona, entering 

the state near Duncan. It is joined by several tributaries 

including the San Francisco River, Eagle Creek, and the San 

Simon, San Carlos, San Pedro, and Santa Cruz Rivers, and by 

the Salt River system (which includes the Salt and the 

Verde Rivers and their tributaries, but which supplies very 

little water to the Gila River because much of the water is 

used upstream). Farther downstream, the Gila River is 

joined by the Agua Fria and Hassayampa Rivers and the 

Centennial Wash. 

The Gila River drains the southern half of Arizona. 

It converges with the Colorado River near Yuma, Arizona. 

The Gila River formerly supported irrigation in 

its lower reaches and contributed considerably to the flow 

of the lower Colorado River. Now, however, the water in 

the Gila River is completely appropriated, in some 

sections even over-appropriated. Water from the Gila River 

irrigates over 1,000,000 acres of land (Hely, 1969). 
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Furthermore, the flow of the Gila River is well

controlled by a series of dams and reservoirs which have a 

total storage capacity of nearly 3,500,000 acre-feet (Rely, 

Consequently, the contribution of the Gila River 

to the lower Colorado River has been substantial only with 

the occurrence of unusual floods, such as the ones of 1941 

and 1965. Since the location of the confluence of the Gila 

and the Colorado Rivers is downstream from all storage 

reservoirs and from all but one of the major diversions, 

namely, the Alamo Canal in Mexico, there is little 

opportunity to utilize any flood flow that may occur In the 

Gila River. 

Recently the Gila River in its lower reaches has 

served as an outlet for drainage from the South Gila Valley 

Irrigation District and, if necessary, from the Wellton

Mohawk Drain Canal. 

Thus, the contribution of the Gila River to the 

usable water supply in the mainstream of the Colorado River 

must be considered negligible. 

Water Quality of the Colorado River 

As is true of many other streams, the quality of 

the Colorado River water is becoming a major concern to all 

the users of the water. In the years before man began 

tampering with the river, the concentration of salts in 

the water was low and it depended primarily on the flow 



of the river which varied seasonally and annually. 

18 

As 45 

years of systematic measurement testify (Olmsted and 

McDonald, 196 7), salinity conditions changed drastically 

for the worse with the development of the region. 

Two basic causes can be cited for the increase in 

the salinity of the river. They are the salt loading and 

the salt concentration effects (Federal Water Pollution 

Control Administration, 1968). The salt loading effect 

refers to the discharge of additional mineral pollutants 

into the stream. In the Lower Basin of the Colorado River 

this consists mainly of agricultural return flow with 

little urban and industrial wastes. The salt concentration 

effect, on the other hand, occurs as the result of 

abstraction and evaporation which, by decreasing the amount 

of water while the salt content remains unaltered, increase 

the salt concentration per unit of water. 

These effects can be unequivocally attributed to 

the development of the Colorado River Basin. The many dams 

built on the river created reservoirs and thereby increased 

many-fold the evaporation of the river water. At the same 

time, land is being irrigated along the course of the river, 

and the drain water is discharged or seeps back into the 

river channel, thereby increasing the salt concentration of 

the river water. With more development upstream, less 

fresh water is permitted to flow downstream; thus there is 

a decrease in the proportion of the fresh water which is 



available for mixing with the drain water, and the salt 

concentration of the river water is thereby increased 

further. 

As a result, the Colorado River displays a pro-

gressive increase in salinity from its headwaters in the 

states of Colorado and Wyoming to Morelos Dam in Mexico 

which is the point of last diversion from the Colorado 

River. 

The salt concentration (i.e., Total Dissolved 

Solids 2 ) of the Colorado River water at various locations 

in the Lower Basin is given in Tables 1 and 2. The 
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weighted averages for 1968 are compared in Table 1. Because 

the salt concentration at Morelos Dam is computed on a 

monthly basis, the mean salt concentration for June 1968 

at Imperial Dam and at Morelos Dam are compared in Table 2. 

The changes in the salt concentration of the 

Colorado River water at Lee Ferry, Hoover Dam, and Imperial 

Dam during the period from 1945 to 1968 are depicted in 

Rigure 2. It is seen that the quality of the river water 

deteriorates progressively downstream regardless of the 

actual salinity. 

As the Colorado River flows southward from the 

Imperial Dam toward the international boundary, the quality 

2. Total Dissolved Solids is a parameter used to 
define the quality of water. It may be expressed as 
milligrams per liter (mg/l) or as parts per million (ppm). 
It will be referred to hereafter as IITDSIf and will be 
expressed in ppm. 



Table 1. The Weighted Average for the Year 1968 of the 
Salt Concentration of the Water of the Colorado 
River at Var~ous Locations in the Lower Basina 
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Location 
Salt Concentration 

(ppm) 

Lee Ferry 

Hoover Dam 

Parker Dam 

Imperial Dam 

~nited States Geological Survey (1970). 

641 

689 

695 

849 

Table 2. The Mean Salt Concentration for the Month of June 
1968 at Two Locations in the Lower Basin 

Salt Concentration 
Location (ppm) 

Imperial Dam a 

b Morelos Dam 

~nited States Geological Survey (1970). 

811 

bInternational Boundary and Water Commission data 
(United States Bureau of Reclamation, 1968). 
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Figure 2.--Yearly Weighted Average Total Dissolved Solids 
at Critical Points in the Colorado River -
Source: Arizona Water Quality Control Council 
(1967); United States Geological Survey (1965, 
1966, 1967b, 1968b, 1970). 



of the water deteriorates further because of the large 

quantities of drain and waste water which discharge into 

the river channel. As is mentioned in Chapter 4, the 

principal drain is the Wellton-Mohawk Main Outlet Drain 

Extension. This drain water is of such high salt concen-

22 

tration and the flow rate is so high that it changes the 

salt concentration of the river water drastically. A mean 

of 5851 ppm was computed for the drain water in January, 

1968, when most of the flow was discharged below the 

diversion point to Mexico near Morelos Da~; the mean 

salinity of the drain water was 3950 ppm in June, 1968, 

when the flow of the Wellton-Mohawk Drain Canal mixed with 

the river water above Morelos Dam (United States Bureau of 

Reclamation, 1968). The measured mean salinity of the 

river water at Morelos Dam in June 1968 was 1269 ppm, with 

1350 ppm being the high for the month. 

The prognosis for the future is not encouraging. 

The preliminary study by the Federal Water Pollution 

Control Administration predicts that with more developments 

upstream, especially in the Upper Basin, the salinity of 

the Colorado River water will increase so that in the year 

2010 the salt concentration at Hoover Dam will be 947 ppm 

(cf. Table 1) (Federal Water Pollution Control Administra

tion, 1968). This means that near Imperial Dam the salt 

concentration of the river water probably will be over 

1200 ppm. The consequences to agriculture are foreseeable. 



Basic changes in the crops grown and in the irrigation 

methods used will be inevitable. 

2) 

Therefore, in all probability it seems likely that 

problems of river water quality are here to stay, and these 

problems will increase in magnitude with the progressive 

development of the Colorado River Basin. 



CHAPTER 3 

HISTORICAL AND LEGAL PERSPECTIVES 

As an interstate and international stream, the 

Colorado River has been the subject of many legal documents. 

The historical development of the laws pertaining to the 

lower Colorado River will be discussed in this chapter. 

The history of controversy and agreement between 

the United States and the Republic of Mexico regarding 

water supply extends back more than one hundred years. It 

has involved three rivers: the Colorado, the Rio Grande 

(or the "Rio Bravo del Norte" as it is known in Mexico), 

and the Tijuana. 

It may be said that the controversy originated with 

the Treaty of Peace, Friendship, Limits, and Settlement 

(9 Stat. 922) between the United States and Mexico of 

February 2, 1848 (or the Guadalupe-Hidalgo Treaty, as it is 

better known), which ended the war between the United States 

and Mexico, and the Gadsden Treaty (10 Stat. 1031), signed 

December 30, 1853, in which for $15,000,000 Mexico 

relinquished to the United States the Mesilla Valley and 

19,000,000 acres south of the Gila River. (The Gadsden 

Treaty is named for Ja~es Gadsden, the United States 

minister to Mexico who negotiated the purchase.) 

24 



These treaties established the Colorado River and 

the Rio Grande as international boundaries between the 

United States and Mexico. The difficulty inherent in 

these boundaries was that river basins were thus divided 
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between the two countries. This became the source of many 

complex problems, some of which remain unresolved to this 

day. 

In addition to establishing the rivers as bound

aries, the important provisions of the treaties pertaining 

to water dealt with navigation. Both countries agreed to 

keep the rivers navigable (Guadalupe-Hidalgo Treaty, 

Articles V, VI). 

In 1849, soon after the signing of the Guadalupe

Hidalgo Treaty, the agricultural value of the Imperial 

Valley was first recognized. Two individuals, Dr. Oliver 

M. Wozencraft and Ebenezer Hadley, drew up plans to 

irrigate the valley by routing an irrigation channel from 

the Colorado River through Mexico. The project was 

abandoned, however, when they could not obtain title to 

land in the valley. 

It was not until 1892 that a serious plan to intro-

duce irrigated agriculture to the area was proposed. That 

year Charles C. Rockwood, an eloployee of the Sonora Land 

and Irrigation Company which was reorganized in 1896 as 

the California Development Company, devised a plan for 

transporting water to the Imperial Valley through Mexico. 
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In order to circumvent the Mexican legal system which 

forbade the ownership of land by foreigners, the California 

Development Company formed a Mexican subsidiary, La 

Sociedad de Riego y Terrenos de la Baja California, S. A. 

Then a canal was constructed in Mexico, but its 

headgate was located just north of the border in the 

United States. On June 21, 1901, the first flow of water 

from the Colorado River was diverted to the Imperial 

Valley (Hundley, 1966), and by 1904 nearly 75,000 acres 

were being irrigated by 8,000 settlers. However, the 

gradient of the canal was too flat and the resultant 

silting problems in the canal caused a shortage of water 

in the valley. A better site for a new headgate was 

located on Mexican territory. In order to secure the 

approval of the Mexican government for transporting 10,000 

cfs through its territory, Mexico was allotted half the 

flow of the canal for irrigation of its own land. An 

agreement to that effect was signed in 1904 (Hundley, 1966). 

Before the headgate could be completed, severe floods 

washed out the construction and eroded the channel, causing 

the river to flow northward into the low-lying Salton Sink 

and thereby creating the Salton Sea. During the period of 

u~controlled diversion, the Salton Sea covered 500 square 

miles and reached a depth of 80 feet (Hely, Hughes, and 

Irelan, 1966). It was only after two years (February 1907) 



that the Southern Pacific Railroad Company restored the 

flow of the river to its natural channel. 

27 

About this time it was realized that the require

ments for maintaining such a system would exceed the local 

resources. The Federal Government, pressured by local 

interests, began to show interest in the management of the 

Colorado River. In 1910, immediately after the floods of 

1909 and 1910, the Federal Government for the first time 

allocated money, the sum of one million dollars (United 

States Bureau of Reclamation, 1963), to protect land and 

property in Imperial Valley. Afterwards, the Imperial 

Valley was established as an Irrigation and Drainage 

District in July 1911. However, it was not until 1919 

that the Federal Government showed serious interest in the 

area. 

By then the All American Canal Board had issued a 

report which favored the construction of the All American 

Canal and of a large storage reservoir. That was followed 

by the Kincaid Act of 1920 (41 Stat. 600) which directed 

the Secretary of the Interior to study the report on the 

feasibility of diverting water to the Imperial Valley. 

The study, referred to as the Fall-Davis Report (Fall being 

the Secretary of the Interior and Davis the head of the 

Reclamation Bureau), was published in 1922. It recommended 

the construction of the All American Canal and of the 

storage reservoir near Boulder Canyon (Hundley, 1966). 



Even before the Fall-Davis Report was published, 

the Upper Basin States realized that the Lower Basin 

States, and California in particular, would derive the 

prime benefits from the Colorado River water. Since the 

Doctrine of Prior Appropriation provides that "first in 

time, first in right," the Lower Basin States, and 

particularly California because of its extensive agri

cultural development, would then have the right to the 

water. Their fear was reinforced by the June 5, 1922, 
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United States Supreme Court decision Wyoming v. Colorado 

(259 U.S. 419) which stated that the Prior Appropriation 

Doctrine applies to states' rights to water in a river 

system if this doctrine has been recognized by two or more 

states on that river and if it has been applied to rivers 

within these states. Even though this decision was not 

concerned with the Colorado River, it did set a precedent. 

Because of their fear, the Upper Basin States 

demanded guarantees that California would not use most of 

the water of the Colorado River. On August 19, 1921, the 

United States Congress gave consent (42 Stat. 171) to the 

states to negotiate the water dispute. Consequently, the 

states entered into a compact to divide the water of the 

CQlorado River. 
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The Colorado River Compact 

The Colorado River Compact was formally signed in 

Santa Fe, New Mexico, on November 24, 1922 (70 Congo Rec. 

324 ), after representatives of the States and of the 

Federal Government had held many long and strenuous 

meetings. 

The Compact divided the Colorado River Basin into 

the Upper Basin States (Wyoming, Colorado, Utah, and New 

Mexico) and the Lower Basin States (Arizona, Nevada, and 

California) and apportio~ed the water mnong them. Article 

III (a) states: 

There is hereby apportioned from the Colorado 
River System in perpetuity to the Upper Basin 
and the Lower Basin, respectively, the exclusive 
beneficial consumptive use of 7,500,000 acre-feet 
of water per annum, which shall include all water 
necessary for the supply of any rights which may 
exist. 

Paragraph (b) of the same article states that "in addition 

to the apportionment of Paragraph (a), the Lower Basin is 

hereby given the right to increase its beneficial con-

sumptive use of such waters by one million acre-feet per 

annum. II Paragraph (d) adds that lithe states of the upper 

division will not cause the flow of the river at Lee 

Ferry to be depleted below an aggregate of 75,000,000 

acre-feet for any period of ten consecutive years. II 

One very important aspect of this agreement, which 

incidentally is especially pertinent to this study, is 

Article III, paragraph (c) which states: 



If as a matter of international comity, the United 
States of America shall hereafter recognize in the 
United States of Mexico any right to the use of 
any waters of the Colorado River System, such 
waters shall be supplied first from the waters 
which are surplus over and above the aggregate of 
the quantities specified in paragraphs (a) and (b) 
and if such surplus shall prove insufficient for 
this purpose, then, the burden of such deficiency 
shall be equally borne by the Upper Basin and the 
Lower Basin, and whenever necessary the states of 
the Upper Division shall deliver at Lee Ferry water 
to supply one-half of the deficiency So recognized 
in addition to that provided in paragraph (d). 

This provision put the burden of the Mexican allotment 
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clearly on the Colorado Basin States. This became a source 

of the bitter arguments that ensued in later years. 

Arizona was the only state that objected to the 

Colorado River Compact, but the Arizona Legislature did 

ratify it eventually in 1944. Ratification was delayed 

primarily because of the California claim that the Gila 

River was part of the Colorado River system as defined by 

the Compact. Arizona maintained that only the water of 

the mainstream of the Colorado River should be appropriated 

among the states (Mann, 1963). That contention was upheld 

by the United States Supreme Court in its decision of 

June 3, 1963 (Arizona v. California, 373 U.S. 560), which 

stated in the syllabus that "in passing the Boulder Canyon 

Project Act, Congress intended to, and did, create its 

own comprehensive scheme for the apportionment among 

California, Arizona, and Nevada of the Lower Basin's share 



of the mainstream waters of the Colorado River, leaving 

each state her own tributaries." 
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Another complaint of Arizona was that the omission 

of a division of water among the States of the Lower Basin 

would cause Arizona to lose water to California. Arizona 

could not obtain water from the proposed Boulder Dam 

because of the adverse topography which would necessitate 

expensive pumping. On the other hand, because of the 

impetus provided by the water supplied by the All American 

Canal,. California would develop more rapidly than Arizona. 

Thus, if the Prior Appropriation Doctrine were to be 

applicable to the interstate waters of the Colorado River, 

the earlier development of California would serve to 

deprive Arizona of the water needed for its development. 

Once the Colorado River Compact was signed, 

California pressured the federal government to build the 

high dam on the lower Colorado River and to construct the 

All American Canal. With the enactment of the Boulder 

Canyon Project Act, the principle of delivering Colorado 

River water to Imperial Valley in California received 

official Federal approval. 

The Boulder Canyon Project Act 

On December 21, 1928 the Seventieth Congress passed 

the Boulder Canyon Project Act (45 Stat. 1057). The 

purpose of the Act, as stated, was: 



• controlling the floods, improving naviga
tion and regulating the flow of the Colorado 
River, providing for storage and for the delivery 
of stored water thereof for reclamation of public 
lands and other beneficial uses exclusively in 
the United States and for generation of electrical 
energy as a means of making the project herein 
authorized a self-supporting and financially 
solvent undertaking. 
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The approval of this act by Congress followed many 

previous attempts to pass such a bill. Instrumental in 

securing passage were Representative Phil Swing and Senator 

Hiram Johnson, both of California. After six years and 

four proposed bills, it was finally passed by both houses 

of Congress and became known as the Boulder Canyon Project 

Act or the Swing-Johnson Bill. 

In the bill (45 Stat. 1057), the Secretary of the 

Interior, subject to the terms of the Colorado River 

Compact, was authorized to "construct, operate, and main-

tain a dam and incidental work in the mainstream of the 

Colorado River at Black Canyon or Boulder Canyon." 

Section 4 provides that the Colorado River Compact 

could become effective if the 7,500,000 acre-feet of water 

allocated to the Lower Basin States would be apportioned 

as follows: 

to Arizona, 2,800,000 acre-feet 

to California, 4,400,000 acre-feet 

to Nevada, 300,000 acre-feet 

Furthermore, it was specified that the act itself would 

not tru~e effect unless (1) six states including California 
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would ratify the Colorado River Compact, and (2) California 

would agree to a self-limitation of 4,400,000 acre-feet per 

year plus one-half of any surplus waters unapportioned. 

After these conditions were fulfilled, the act became 

effective by Presidential Proclamation on June 29, 1929. 

The United States-Mexican Water 
Utilization Treaty 

Mexico closely followed all the developments 

affecting the Colorado River. The first proposals for the 

All American Canal evoked protests by land owners as well 

as representatives of the ~lexican Government. Other 

Mexicans demanded a treaty with the United States to settle 

the dispute over the water once and for all time. By 1919 

the State Department, joined by the Treasury, Interior, 

and War departments, was also advocating a treaty. Mexico 

was further alarmed by the proposed Colorado River Compact. 

The Mexican government requested that passage of 

the Compact be delayed pending agreement with Mexico about 

the water. At a certain point, Mexico even asked that it 

be represented at the Compact deliberations, but the 

request was refused. 

It was not until 1929, when formal negotiations 

between the United States and Mexico were initiated, that 

any significant development occurred in obtaining an 

agreement about the division of waters between the two 

countries. These negotiations pertained to the waters of 



the Colorado and the Rio Grande rivers. Mexico asked Ior 

4,500,000 acre-feet since there are l,500,000 irrigable 

acres in Mexico. The United States, however, offered 

750,000 acre-feet, which had been the largest volume of 

water used by Mexico in anyone year (Hundley, 1966). 

Years of bitter disputes ensued, and diplomats as well as 

farmers in both the Colorado River and the Rio Grande 

basins became involved in the controversy. 

An agreement was finally reached in the form of 

The United States-Mexican Water Utilization Treaty (59 

Stat. 1219) which was signed February J, 1944 and was 

ratified by the United States Senate on April 18, 1945. 

The intent of the treaty was to solve the disputes between 

the two countries over the three rivers: the Colorado, the 

Rio Grande, and the Tijuana. 

Articles 10 through 15 of Section III of the treaty 

pertain to the Colorado River. Some of the provisions are 

as follows. Mexico is to receive 1,500,000 acre-feet 

annually. In the event of excess flow in any year, the 

United States will deliver 1,700,000 acre-feet, even 

though Mexico has no rights in excess of 1,500,000 acre-

feet. In the event of a shortage of water in the Colorado 

River, Mexico will receive less water in the same propor

tion as the decrease in the consumptive use in the United 

States. Furthermore, from the time Davis Dam (located 

upstream from Imperial Dam) is in operation until January 
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1, 1980, the United States will deliver 1,000,000 acre

feet of water annually to Mexico in the limitrophe section 

of the river; after that date the quantity will increase 

to 1,125,000 acre-feet. Similarly, 500,000 and 375,000 

acre-feet, before and after January 1, 1980, respectively, 

will be delivered at the international boundary by means 

of the All American Canal. Mexico will pay proportionately 

for the cost of the Imperial Dam and of the Imperial Dam

Pilot Knob section of the All American Canal. 

It is important to note that the quality of the 

Colorado River water was not mentioned in this treaty. 

Water quality has become the source of many disputes which 

are still unresolved. Nevertheless, at the time Mexico 

was satisfied since this was the first time that Mexico 

was assured of at least 1,500,000 acre-feet of water per 

year. 

By 1961, however, the quality of the water had 

emerged as a major problem of water supply, mainly because 

drain water was being discharged into the Colorado River 

from the irrigation districts in the basin (see Chapter 2). 

The quality of the water in the Colorado River deteriorated 

considerably in 1961 when the Wellton-Mohawk District 

constructed the system of pu~ps and canals which delivers 

the drain water with composite Total Dissolved Solids of 

approximately 6500 ppm into the Gila River, whence it 
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flows into the Colorado River and then southward to Mexico 

(United States Bureau of Reclamation, 1966). 

The new situation, namely, the flow of saline water 

into the Colorado River, created problems for the users of 

the river water. 

Minute No. 218 

Mexico maintained that the quality of the water 

that it was receiving was unacceptable, even though the 

United States had not made any commitments in the United 

States-Mexican Treaty of 19~~ about the quality of the 

water to be delivered to Mexico. The feelings in Mexico 

were very strong against the United States. Senor Orive 

Alba, one of the negotiators of the treaty, insisted that 

the negotiators had meant "good water" or "virgin water of 

the river" which was below 750 ppm. The United States 

claimed that Mexico was given no guarantee of water 

quality. The United States attitude provoked the wrath of 

many Mexicans and the Mexican governm,~nt was subjected to 

increasing pressure to do something to rectify the situa

tion. 

As a result, the International Boundary and Water 

Commission took up the problem of the salinity of the 

Crilorado River water. The two countries reached an agree-

ment, known as Minute No. 218, which was signed on 

March 22, 1965. 



37 

The main concern of Minute No. 218 was to alleviate 

the drainage conditions in the Wellton-Mohawk area without 

increasing considerably the salinity of the Colorado River, 

and, simultaneously, to assure the delivery of the quantity 

of water allotted to Mexico. It was agreed that the Bureau 

of Reclamation would extend the Wellton-Mohawk Main Outlet 

Drain about twelve miles to just below Morelo3 Dam. The 

official name of the extension was the '~ain Outlet Drain 

Extension ll or M. o. D. E. (United States Bureau of Reclama-

tion, 1966). The drain water could then be discharged 

either below or above Morelos Dam, and at times simultane-

ously at both locations. The site(s) of discharge would 

be in accordance with a definite plan which would satisfy 

the quality and quantity specifications agreed upon by the 

Commissioners. This agreement was to be in effect for five 

years only. Thus the International Boundary and Water 

Commission is due to restudy the problem in 1970. 

The Colorado River Basin Project Act 

While the salinity problem became of great 

importance and the object of attention, Arizona was 

battling for diversion of Colorado River water into the 

state. As was mentioned previously, in June 1963 the 

Scipreme Court of the United States decided in Arizona v. 

California that each state has the exclusive use of the 

tributaries within its boundaries. Arizona applauded this 
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decision since it meant that the Gila River was not 

included in the Colorado River Compact and thus the 

2,800,000 acre-feet apportioned to Arizona would come from 

the mainstream of the Colorado River. 

In the 1940's, acting on the assumption that the 

water was available, Arizona had proposed the Central 

Arizona Project which would deliver 1,200,000 acre-feet of 

water from Lake Havasu on the Colorado River to the central 

and southern parts of the state. Then, after the above 

Supreme Court decision, Arizona began pressing vigorously 

in Congress for the approval, funding, and construction of 

this project. Most other Colorado River Basin States, and 

California especially, objected strenuously to the bill. 

In order to secure passage of the bill in Congress, 

Arizona agreed to the inclusion of certain sections which 

mollified the opposition. On September 30, 1968, Congress 

passed the Colorado River Basin Project Act (82 Stat. 885) 

which is also known as the Central Arizona Project Act. 

In the bill, California was promised that in case 

of a shortage of water in the river, it would get its full 

share of 4,400,000 acre-feet before any water would be 

diverted to the Central Arizona Project. Furthermore, 

Section 201 states that preliminary investigation shall be 

conducted in order to develop a general plan to meet the 

water needs of the western United States with, however, the 

provision that 



for a period of ten years from the date of this 
act, the Secretary shall not undertake reconnais
sance studies of any plan for the importation of 
water into the Colorado River Basin from any other 
natural river drainage basin lying outside the 
States of Arizona, California, Colorado, New 
Mexico, and those portions of Nevada, Utah and 
Wyoming which are in the natural drainage basin 
of the Colorado River. 

This means that even a study by the Federal Government of 

the proposed importation of water from the Columbia River 

is now prohibited by law until 1978. 

It is important to note Section 202 which states: 

The Congress declares that the satisfaction of the 
requirements of the Mexican Water Treaty from the 
Colorado River constitutes a national obligation 
which shall be the first obligation of any water 
augmentation project planned pursuant to Section 
201 of this Act and authorized by Congress. 
Accordingly the States of the Upper Division 
(Colorado, New Mexico, Utah, and Wyoming) and the 
States of Lower Division (Arizona, California, and 
Nevada) shall be relieved from all obligations 
which may have been imposed upon them by article 
III (c) of the Colorado River Compact • 

(Article III [c] of the Colorado River Compact puts the 

burden of supplying the Mexican allotment on the Colorado 

River Basin States.) 

Thus the obligations of the Mexican treaty now 

rest solely with the United, States government. Various 

ways to fulfill these obligations are possible, and they 
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will be 'discussed and evaluated in the following chapters. 



CHAPTER 4 

DEVELOPMENT OF THE LOWER BASIN 

The Lower Basin of the Colorado River has been a 

major irrigated farming area for centuries. Ancient ruins 

dating back to about 700 A.D. reveal that the Hohokam 

Indians used canal systems for diverting water from the 

Gila River. These canals were the earliest waterworks in 

North America. 

When Hernando de Alarcon, a Spanish navigator, 

discovered the Gulf of California and the Colorado River in 

1540 while aiding Coronado in his search for the Seven 

Cities of Cibola, he found Indians irrigating the land near 

the confluence of the Colorado and the Gila rivers. For 

unknown reasons, the Indians deserted the area at about 

that time. 

After Alarcon claimed the area for Spain, the 

Spanish flag flew over the region for 300 years. Mexico 

assumed control in 1822. In 1848, with the signing of the 

Guadalupe-Hidalgo Treaty (see Chapter 3), the United States 

of America acquired the territory north of the Gila River. 

In 1853, through the Gadsden Treaty (see Chapter 3) the 

United States purchased the area south of the Gila River. 
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The Yuma Project 

The part of the area under study which is east of 

the Colorado River (see Figure 3) has an annual precipita

tion of 3.0 to 3.5 inches per year. Thus irrigation is 

essential for farming. The first irrigated agriculture was 

practiced in the Yuma Valley about 1897. In 1902 four 

private irrigation canal systems were in operation (United 

States Bureau of Reclamation, 1963). 

The Reclamation Service was organized in 1902 and 

shortly afterwards a report by Service engineers indicated 

the value of constructing an irrigation project. The 

resultant Yuma Project was authorized by the Secretary of 

the Interior on May 10, 1904 in accordance with the 

Reclamation Act (32 Stat. 388) which had been passed by 

Congress on June 7, 1902 (United States Bureau of Reclama

tion, 1957). The Yuma Project included the North and South 

Gila Valleys, a part of the Yuma Mesa, and the present 

Reservation and Valley Divisions. 

Construction of the Laguna diversion dam followed 

the authorization, and the dam was completed in 1909 (see 

Chapter 2). The purpose of the dam was to supply water to 

the Yuma Main Canal. By 1911, the project plan had been 

revised, and the South Gila Valley and the Yuma Mesa lands 

were excluded from the Yuma Project. In 1917 the North 

Gila Valley Irrigation District was formed and this area 

was thereby removed from the Yuma Project. 
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Laguna Dam was the site for diversion of Colorado 

River water into the Yuma Main Canal which served as the 

only source of water for the valley until 1941. In that 

year, the All American Canal was put into operation, the 

water being diverted at Imperial Dam, and a turnout was 

constructed at Siphon Drop to provide part of the Yuma 

Project water. Since 1948 all the water for Yuma Valley 

has been supplied by the All American Canal. 

Since the implementation of the Yuma Project, a 

drainage problem has been evident. By 1912 the Reservation 

Main Drain had been constructed and by 1917 drain water was 

already being pumped into the Colorado River (Unites States 

Bureau of Reclamation, 1963). 

The Yuma Auxiliary Project 

The second project in the area chronologically was 

the Yuma Auxiliary Project (Figure 3) which was authorized 

on January 25, 1917 (39 Stat. 868) (United States Bureau 

of Reclamation, 1957). The original act proposed the 

irrigation of 45,000 acres of land in the Yuma Mesa area 

in Arizona, adjacent to the eastern boundary of the Valley 

Division of the Yuma Project. The plan called for pumping 

water from the East Main Canal of the Yuma Project. 

Due to financial limitations, the area to be 

irrigated was reduced to 6,318 acres, some of which was 

irrigated by May 1, 1922. The act of June 13, 1949 
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(63 Stat. 17 2 ), however, further reduced the area to 3,305 

acres and authorized delivery of the water through the 

Gila Project rather than the Yuma Project (United States 

Bureau of Reclamation, 1963). On July 6, 1953, the Gila 

Gravity Main Canal started to supply water to the area. 

The Gila Project 

The Gila Project consists of two divisions--the 

Yuma Mesa and the Wellton-Mohawk (see Figure 3)--both of 

which are of great importance in this study. The history 

of the Gila Project dates back to 1934 when the Bureau of 

Reclamation made a feasibility study of the area as it had 

been authorized to do by the Boulder Canyon Project Act of 

1928 (45 Stat. 1057). The findings of the feasibility 

study were approved by the President of the United States 

on June 21, 1937. The Yuma Mesa Division of the project 

was to include 150,000 acres. 

The project was reauthorized on July 30, 1947 (61 

Stat. 628). Accordingly, the canal, for which provision 

had been made when Imperial Dam was built, was constructed 

on the eastern side of the Colorado River starting at 

Imperial Dam and extending south-eastward for 20.7 miles. 

The canal has a capacity of 2200 cfs for supplying water 

to the Yuma Mesa, the South Gila Valley, and the North 

Gila Valley Irrigation Districts, all of which compose the 



Yuma Mesa Division. 
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Only later, in 1949, was work begun on 

the extension to the Wellton-Mohawk Division. 

The Yuma Mesa Division 

The Yuma Mesa area is located south and southeast 

of Yuma, Arizona. Some 3,305 acres in the Yuma Mesa area 

were irrigated through the Yuma Auxiliary Project. The 

completion of the canal and the pumping plant near Fortuna, 

which raises the water 52 feet to an elevation of 216 feet, 

increased the irrigable acreage considerably. In 1968 the 

district consisted of 19,970 acres of land of which 17,008 

acres were irrigated. The amount of water diverted from 

the river was 248,000 acre-feet, but 220,000 acre-feet 

were actually applied. 

The application of large amounts of irrigation 

water to the sandy soils of the Yuma Mesa created a 

groundwater mound which changed the flow patterns in the 

region. There is a large fault which extends southeasterly 

across the Yuma Mesa and the Upper Mesa (Olmsted and 

McDonald, 1967). (See Figure 4.) This fault operates as 

a barrier affecting the southern movement of the ground-

water. The groundwater mound is north of the fault. 

Because of the barrier, the southward flow of groundwater 

from the mound is diverted toward the southeast along the 

fault which impedes the flow toward the south. From the 

mound, the groundwater also flows eastward to uncultivated 
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land and northward and westward into the South Gila and the 

Yuma Valleys, respectively. 

In 1969 two main drain conduits were constructed, 

one to deliver the South Gila Valley drain water into the 

Gila River channel and the other to divert the Yuma Valley 

drain water westward into the Colorado River channel. A 

large portion of the drain water removed by these drains 

originates in the Yuma Mesa Irrigation District. 

The South Gila Valley Irrigation District lies 

between Yuma and the Gila River Narrows near Dome, Arizona. 

It is bounded by the Colorado and Gila Rivers to the north 

and by the Yuma mesa to the south. Irrigation was first 

introduced to the area in 1915 with the drilling of the 

first well. Ever since then, the major source of water 

for irrigation in this district has been groundwater. The 

Colorado River water delivered to the district by means of 

the Gila Gravity Main Canal under the Warren Act of 

February 21, 1911 (36 Stat. 925), has remained a minor 

source of irrigation water (United States Bureau of 

Reclamation, 1963). 

The North Gila Valley Irrigation District located 

northeast of Yuma received its water from Laguna Dam. 

However, since the dam ceased to function as a diversion 

point on December 16, 1954, the water has been delivered 

through a turnout in the Gila Gravity Main Canal. About 

7,000 acres are being irrigated in the valley. 
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The Wellton-Mohawk Division 

The Wellton-Mohawk Irrigation District consists of 

75,000 acres of which 60,000 are located in the long narrow 

valley of the Gila River. The district extends for 45 

miles in a predominantly east-west direction and varies 

in width from one-quarter to five miles. 

acres are on a mesa south of the valley. 

Fifteen thousand 

The Wellton-Mohawk area has been an irrigated 

farming area for centuries. Years ago, the Gila River was 

a very. important source of fresh water. Ruins of ancient 

Pima Indian villages show that the people who inhabited 

them cultivated the soil, irrigated it by means of canals, 

and even built reservoirs to store water. In more recent 

times, the area was inhabited by Pima, Maricopa, and 

Papago Indians who also cultivated the soil using irriga-

tion (Powell, 1895). White settlement started about 1860, 

and several homesteaders had settled in the Wellton Valley 

area by 1875. 

In 1880 the Mohalvk and Antelope canals were con

structed to supply water from the Gila River to several 

thousand acres in the valley, but disastrous floods in 

1891 wiped out everything except the concrete headings. 

Not until 1908 was a new attempt made to irrigate. This 

time Gila River water was diverted to irrigate 1,200 acres 

in the southern part of the valley. About the same time, 

upstream areas were being developed, with resultant 



increased use of water, and thus the Gila River became less 

dependable as a source of water. 

The construction of Roosevelt Dam on the Salt River 

in 1911 and the control of flow through this and the other 

dams constructed later on the Gila River decreased the flow 

downstream to a trickle, and, as a result, farming in the 

downstream area had practically ceased by 1920 (Moser, 

1967). A few years before this, in 1915, a few farmers had 

started drilling wells in order to supplement the erratic 

flow of water from the river. Once the flow of the Gila 

River dwindled to negligible quantities, more and more 

farmers resorted to groundwater, and several districts, all 

of which were rather small, were formed to supply power and 

construct wells for irrigation. As a result, agriculture 

in this area expanded very rapidly and 11,000 acres were 

under irrigation by 1930. 

In 1934 water once again was a cause of major con-

cern. The water level in many of the wells declined 

substantially and many wells were abandoned. Furthermore, 

the salt concentration in the well water rose to dangerous 

levels (in excess of 6,000 ppm), due mainly to recircula

tion (United States Bureau of Reclamation, 1963)· 

As a result, the soil became very saline and 

farmers started abandoning their farm land. Once again 

agriculture in the Wellton-Mohawk area \qas in serious 



decline. A new source of water had to be found if agri

culture was to be maintained in the area. 

The new source of water was the Colorado River. 
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Diversion of Colorado River water into the Wellton-Mohawk 

Canal followed the reauthorization of the Gila Project o~ 

July 30, 1947 (61 Stat. 628). This act authorized the 

delivery of Colorado River water into the Gila River Valley 

for the ultimate development of no more than 75,000 acres, 

60,000 acres in the valley and 15,000 acres on the mesa of 

the We.ll ton-Mohawk Irrigation District. They were 

restricted to a maximum consumptive use (i.e., diversion 

minus return flow) of 300,000 acre-feet per year. On April 

21, 1952, water was first delivered to the Wellton-Mohawk 

Irrigation District from the Colorado River by means of the 

Gila Gravity Main Canal and the Wellton-Mohawk Canal. 

Once Colorado River water was introduced to the 

area, very large quantities of water were applied to the 

land. Consequently, the water table rose very rapidly, 

much more quickly than anticipated, and by early 1958 the 

drainage problem had become very serious. Various means 

of alleviating the situation were studied, and it w·as 

finally decided to pump the water through a system of drain 

wells into a lined conveyance channel. Therefore, between 

1959 and 1961, 73 miles of concrete-lined main conveyance 

channel were constructed (22, 23, and 28 miles of canal 

with a bottom width of 8, 5, and 2 feet, respectively) to 
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discharge the drain water into the Gila River near its 

confluence with the Colorado River (Moser, 1967). At the 

same time, 67 wells were drilled in the area of high water 

table. The wells were found to be very saline, ranging 

from 2,000 to 18,000 ppm of TDS. By July 1961, the wells 

were discharging to the full capacity of the lowest reach 

of the canal, namely 300 cfs, with a composite discharge 

salinity of 6,500 ppm (United States Bureau of Reclamation, 

1966) • 

The immediate result of this discharge was an In

crease in the salinity of the Colorado River and thus of 

the water used by Mexico. This situation aroused anger in 

Mexico and it was discussed by the Presidents of the United 

States and ~exico who then issued a communique calling for 

the reaching of "a permanent and effective solution" of the 

problem (June 30, 1962). Therefore, a committee was 

established in the United States to find ways of alleviat

ing the situation. 

The first recommendation of this committee was that 

the composite salinity of the drain wells discharging into 

the conveyance channel which led to the Colorado River 

should be lowered by including additional drain water of 

lower salinity. Hence, 26 new wells were drilled at 

suitable locations. Thus, by November 1963, 93 wells, 

solely for drainage purposes, were in operation discharging 



300 cfs, and the composite salinity of the drain water in 

the conveyance channel could be lowered to 5,800 ppm. 
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Next, the committee recommended the installation of 

tile drains in the areas with the highest ground water 

salinity. Thus in the winter, when Mexican water require-

ments are low and therefore only small quantities of water 

are released into the river from Imperial Dam, the most 

saline wells could be shut off and the land would still be 

drained by the tile drains. It was assumed that the 

salinity of the water removed by the tile drains would not 

be as high as that pumped by the wells. Consequently, tile 

drains were installed on 8,000 acres of land throughout 

the district. The effluent collected in the tile drains 

amounts to 0.73 to 1.5% of the entire drainage flow of the 

Wellton-Mohawk area and thus is relatively insignificant 

(United States Bureau of Reclamation, 1966). 

However, the salinity of the river water still did 

not decrease appreciably, and negotiations between the 

United States of America and the Republic of Mexico 

continued. The eventual result was the agreement discussed 

in Chapter 3 known as Minute No. 218 of March 22, 1965. 

Minute No. 218 was an endeavor to find a real 

solution to the problem of salinity. The main concern was 

how to alleviate the drainage conditions in the Wellton

Mohawk area without increasing considerably the salinity 
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of the Colorado River and, simultaneously, to assure the 

delivery of the quantity of water allocated to Mexico. 

As was recommended in ~inute 218, the Bureau of 

Reclamation extended the main drain conveyance channel to 

Morelos Dam, an extension of about 12 miles which was given 

the official name of ":'Vrain Outlet Drain Extension" or 

M.O.D.E. (see Chapter 3 and Figure 5). The purpose of this 

canal is to convey the water to a point either directly 

above or below the dam and to discharge it there. Since 

no water is taken for use from the Colorado River in the 

stretch from below Morelos Dam to the mouth of the river 

at the Gulf of California, it was thought that discharging 

the drain water below Morelos Dam would not entail any 

harm. 

M.O.D.E. has three discharge locations. One, 

M.O.D.E. No.1, is located at the confluence of the 

Colorado and Gila Rivers. The drain water is discharged 

at this location only when the canal downstream is under-

going repair or maintenance operations. The other two 

discharge locations are located above (No.2) and below 

(No.3) Morelos Dam and are used in the daily operations 

of M.O.D.E. (For details, see Appendix A.) 

The exact quality of the water Mexico was to 

receive was not specified in Minute 218. 

In 1965, the same year that Minute. 218 was adopted, 

the construction of M.O.D.E. was begun. It is a 
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concrete-lined channel, 7 feet deep and 12 feet wide at 

the bottom, with a capacity of 353 cfs. M.O.D.E. started 

carrying drain water on November 16, 1965, and it has been 

in continuous operation ever since. The number of 

drainage wells operating in the Wellton-Mohawk district 

varies slightly as new wells are added and others are 

abandoned. 

operation. 

On October 15, 1969, 109 wells were in 

Since 1952 when Colorado River water was first 

introduced into the Wellton-Mohawk area, the district has 

developed rapidly. In 1968 a total of 60,758 acres were 

irrigated, 51,237 acres in the valley and 9,521 on the 

mesa. This acreage was irrigated with 396,420 acre-feet of 

water of which 281,091 acre-feet were supplied to the 

valley users and 115,329 acre-feet to the mesa users. 

Actually, however, 471,884 acre-feet of water were diverted 

at Imperial Dam for the district. Losses in the Gila 

Gravity Main Canal and the district distribution system 

account for the difference. In the same year, 219,760 

acre-feet of drain water were returned to the Colorado 

River by means of the drain canals and M.O.D.E. Thus, 

the final quantity of water charged against the district 

(i.e., diversion minus return flow) was 252,124 acre-feet 

(Wellton-Mohawk Irrigation and Drainage District, 1969a). 

The figures for 1968 do not differ much from those 

for previous years. In 1967, for example, 465,780 



acre-feet of water were diverted at Imperial Dam for the 

district, 381,280 acre-feet were delivered to users, 

202,930 acre-feet of drain water were returned to the 

Colorado River, 262,850 acre-feet of water were charged 

against the district. 

This then is the present state of operation of the 

system as it has evolved historically. Alternative 

methods of operation will be discussed in the succeeding 

chapters. 



CHAPTER 5 

IRRIGATION PRACTICES: ALTERNATIVES AND EFFECTS 

It is apparent from the history of the area under 

study (see Chapter 4) that the development of the water 

systems of this region occurred haphazardly. Most of the 

developments were in response to random opportunities, 

emergency situations, or dire need. Systematic planning 

was totally lacking. The outcome was a patchwork of 

various systems, structures, etc. 

Nowhere can this be seen more clearly than in the 

drainage system of the lower reaches of the Colorado River. 

Only when conditions became grave was a solution sought. 

And then the treatment was always directed toward the 

effect rather than the cause of the problem. Thus the 

"solution" took always the same form: 

water. 

removal of the drain 

This work is a study of the drainage problem in 

its entirety, that is, of the input (the irrigation water 

diverted from the Colorado River) as well as the output 

(the drain water channeled back into the Colorado River). 

Thus the region, the problem (that is, the removal of the 

drain water from the area), the present methods of opera

tion, the tendency in future developments--all these were 
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studied and evaluated in a critical light in order to 

discern possible improvements in the present techniques of 

managing this total flow. 

From the data of the various irrigation districts, 

it is apparent that the quantity of water used for irriga

tion varies greatly (Gordon, 1968), the average ranging 

from 5.6 acre-feet per acre in Imperial Valley (which 

obtains its water from the Colorado River at Imperial Dam; 

it is not included in this study) to 13.0 acre-feet per 

acre in the Yuma Mesa Irrigation and Drainage District. 

Furthermore, even within a single region, the differences 

are large. Thus in the Wellton-Mohawk area in 1968 for 

example, 5.5, 12.1, and 7.4 acre-feet of water were used to 

irrigate each acre of crops in the valley and on the mesa 

of the Wellton-Mohawk Irrigation and Drainage District and 

in the North Gila Valley Irrigation District, respectively. 

In both the mesa section of the Wellton-Mohawk 

Irrigation and Drainage District and the Yuma Mesa Irriga

tion and Drainage District, large amounts of irrigation 

water are used for each acre of crops. Flood irrigation is 

practiced in both areas and the crops are similar. These 

two areas were studied in order to determine the efficiency 

and the costs of the irrigation method currently in use as 

well as possible alternative methods. In this report, each 

district will be analyzed and discussed independently. 
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First of all, though, it is necessary to decide 

upon the consumptive use of citrus which will serve as the 

basis for the analysis. The alternative methods of irriga-

tion which are under consideration will also be discussed 

prior to the analysis. 

The Consumptive Use of Citrus 

The consumptive use of a plant is the quantity of 

water used annually by that plant "in transpiration or in 

the building of plant tissue, together with water evaporated 

from the adjacent soil or from intercepted precipitation~ 

(Veihmeyer, 1964). Various studies have been made to 

determine the consumptive use of citrus. 

Blaney and Harris (1952) reported that the consump

tive use of citrus on the Yuma Mesa is 43.42 inches. 

Woodward (1959) reported that the consumptive use 

of citrus in Arizona is 36.0 inches for oranges and 45.0 

inches for grapefruit. 

The consumptive use of citrus in Tempe, Arizona, 

has been reported as ranging from 39 inches for navel 

oranges to 48 inches for grapefruit (Erie, French, and 

Harris, 1965). The principal variables in the consumptive 

use of a given crop are the number of daylight hours and 

the mean temperature in the area in which the crop is 

grown. Since both these factors in Yuma, Arizona, do not 

differ substantially from these conditions in Tempe (Blaney 
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and Harris, 1951; Sellers, 1960), the consumptive use of 

citrus in Yuma can be considered to be the same as that in 

Tempe. 

Hilgeman of the University of Arizona Citrus 

Experiment Station in Tempe, Arizona, has found that 50 

inches is the optimum amount of water for growing oranges 

(Hilgeman, 1970). The tree top is then large and the yield 

of fruit is maximu,n. Of the 50 inches of water applied, 

surface evaporation would account for 13 to 18% and deep 

percolation for 25% (Hilgeman and Rodney, 1961). Thus, the 

consumptive use of oranges is only 75% of the optimum 

amount, that is, 37.5 inches. The probable optimum amount 

of water for grapefruit is somewhat larger since the 

consumptive use of grapefruit is as much as 10 inches more 

than that of oranges. 

Flood Irrigation 

At present, flood irrigation is used in the area 

under study. In this method of irrigation, the water is 

applied to the land from a network of ditches, and it flows 

in rows between high ridges., This method requires that the 

land be graded to a uniform slight slope to facilitate 

relatively uniform distribution of the water. 

Each row is closed at the end so that a large basin 

is formed. The basin is filled with the desired amount of 

water so that there is no run-off. The length of each row 
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or basin should be adjusted in accordance with the infil

tration capacity of the soil in order to conserve water. 

The higher the rate of infiltration, the shorter the row. 

Sandy soils have a very high rate of infiltration and thus 

relatively short rows should be used. 

Short rows, however, necessitate a more elaborate 

system of distribution and more labor per unit of land 

than long rows. Thus the cost of flood irrigation would 

be increased considerably. However, even with the short 

rows, efficient use of water in sandy soils is very diffi

cult to attain when flood irrigation is used due to the low 

water-holding capacity of this type of soil. 

Hence, the applicability of different irrigation 

systems was investigated in order to determine their rela

tive efficiencies, both technical and economic. 

Alternative Methods of Irrigation 

Two systems of irrigation were considered to be 

conducive to more efficient use of water than that attained 

by flood irrigation: 

1. Sprinkler irrigation 

2. Trickle irrigation 

The former is well-known and is a proven method. The 

latter method is relatively new in the United States. 
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Sprinkler Irrigation 

Sprinkler irrigation is a method of applying water 

to the surface of the soil in the form of a spray. 

Sprinklers came into use about 1900. Up until 1920 this 

method was used mainly for city lawns. With the introduc-

tion of the light steel pipe in the early 1930's, sprinklers 

were given a major impetus and their use expanded rapidly 

thereafter. Since World War II, sprinkler irrigation has 

become a very common method that is used for practically 

all kinds of crops grown in all types of soils and land

scapes. 

The s~rinkler irrigation system consists of the 

main line, the lateral distribution pipe, the riser pipe, 

and the sprinkler. A pumping plant is required in order to 

lift the water to the particular static head which will 

give the proper pressure required by the system., 

Various types of sprinkler systems are used. In 

this study, however, only the mechanical-move sprinkler 

system will be considered., 

The main advantages of the sprinkler method over 

the flood method of irrigation which are pertinent to the 

area under study are as follows (Halderman and Frost, 1968; 

Seckler, Seckler, and De Remer, 1969). 

1. Less water is needed (efficiency is as high as 

85%) • 



2. Water is applied through a closed pipe system 

rather than open canals; hence, there is less 

seepage and evaporation. 

3. Crops tolerate more saline conditions. 

4. Leaching is more efficient. 

5· Sprinklers may also be used for frost protection. 
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6. Fertilizers can be applied efficiently through the 

sprinkler system. 

In the area under study there is some skepticism 

about the advisability of using spri~~lers. A major 

objection is that water of the quality of that of the 

Colorado River may hurt the leaves once it is sprinkled on 

them. However, this problem can be circumvented by using 

low angle sprinklers which sprinkle the water below the 

level of the lower branches of the trees. This method is 

practiced extensively in Israel where practically the 

entire citrus crop is grown '.lnder sprinkler irrigation. 

Furthermore, it was found at the University of Arizona 

Citrus Experiment Station in Tempe, Arizona, that even when 

the lower branches are hurt,by the sprinkling water, the 

total fruit yield of the tree is not affected because more 

fruit then grows on the higher branches (Hilgeman, 1970). 

Considering the consumptive use values as well as 

the advantages of sprinkler irrigation, it was decided that 

five acre-feet of water per acre constitutes a conservative 
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estimate of the amount of water required for growing 

citrus. In this analysis, therefore, five acre-feet of 

water will serve as the amount of water to be applied to 

each acre of citrus crop grown under sprinkler irrigation. 

Trickle Irrigation 

The second method of irrigation considered to be 

appropriate for the two mesas is trickle irrigation or, as 

it is sometimes referred to, "drip irrigation." In this 

method, water drips continuously or intermittently into the 

root zone around the tree. Fertilizer is frequently 

applied to:the tree in combination with the dripping water. 

The system is composed of a main line supplying 

water under pressure to small-diameter polyethylene or 

fiberglass pipes placed along the tree-rows on the surface 

of the ground. Near each tree are installed small diameter 

outlets or orifices which can be adjusted to drip between 

0.2 and 2.0 gallons of water per hour. 

Goldberg and Shmueli (1969) and Larkman (1969) 

reported the following advantages of the trickle irriga

tion method. 

1. There is a large saving in water because there are 

practically no evaporation losses since only the 

root zone is wetted, and water is not wasted in 

watering the spaces between the trees. A maximum 
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of four acre-feet of water is applied annually per 

irrigated acre. 

2. There is a constant moisture at the root zone which 

eliminates the field capacity-wilting point cycle. 

3. Because of the conditions of constant moisture, 

soil tension is low (between field capacity and 

wilting point) and thus the crop is able to with

stand the higher osmotic pressure inherent in 

saline water. 

4. Watering and fertilizing can be accomplished 

simultaneously. 

5. The growth of weeds between rows is greatly reduced, 

thus decreasing expensive weed control measures. 

6. Very little labor is involved and there is a 

possibility of complete automation through the 

use of tensiometers. 

7. There is an increase in yield. 

Trickle irrigation has been subjected to extensive 

trials in Israel. At present the trickle irrigation method 

is being used there commercially on 2,000 acres (Goldberg 

and Shmueli, 1969). This system is now being tried in the 

Yuma Mesa District on a small scale (10 acres). 

This method appears very promising. However, 

because it is so new there are still some unknown factors 

such as long-term performance, actual cost, and estimated 
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life of the system. Therefore, trickle irrigation cannot 

be completely evaluated in this study; nevertheless, it 

will be considered since this new and revolutionary system 

may prove to be the best irrigation method for this area, 

especially since the system works best in sandy soils. 

Since with trickle irrigation surface evaporation 

is greatly decreased and the irrigation efficiency seems 

to be higher than with any other method of irrigation, it 

was hypothesized that four acre-feet of water per acre 

constitutes a conservative estimate of the amount of water 

required for growing citrus (Business Dynamics, Inc., 1970). 

In this analysis, therefore, four acre-feet of water will 

serve as the standard amount of water to be applied to 

each acre of citrus crop grown under trickle irrigation. 

Both the sprinkler and the trickle irrigation 

methods are valuable for saving water. However, the 

practicality of any system should be tested by its 

economics. Thus each of these systems has been evaluated 

in comparison with the method of irrigation currently in 

use, that is, flood irrigation. 

The Wellton-Mohawk Irrigation and 
Drainage District 

Topographically, the Wellton-Mohawk Irrigation and 

Drainage District is divided into a valley (about 60,000 

acres) and a mesa (about 15,000 acres). The mesa area 



consists mostly of sandy soils, but there are some heavier 

soils as well. 

soil. 

The valley consists of various types of 

On the mesa there is a tendency to replace all the 

other crops with citrus. 

of irrigation used. 

Flood irrigation is the method 

The district receives its water from the Colorado 

River through the Gila Gravity Main Canal, from which it is 

lifted 175 feet into the district distribution network at a 

cost to the district of $2.00 per acre-foot (Wellton-Mohawk 

Irrigation and Drainage District, 1969b). In 1968, 471,884 

acre-feet of water were diverted to the district at 

Imperial Dam; 462,880 acre-feet were delivered from the 

Gila Gravity Main Canal to the district distribution 

system; actual delivery to users was 396,420 acre-feet. 

Water use in the district in 1968 was as follows: 

in the valley, 281,091 acre-feet of water were actually 

delivered to 51,237 irrigated acres, which is an average 

of 5.5 acre-feet per acre; on the mesa, 115,329 acre-feet 

were actually delivered to 9,521 irrigated acres, which is 

an average of 12.1 acre-feet of water per acre. 

The total amount of water used in 1969 was 

397,386 acre-feet, which is about the same quantity of 

water as was used in 1968. Figures for the distribution 

of the water to the valley and the mesa in 1969 are not 

available at this time (January, 1970). 
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In 1968 the cost of water to the farmer was a 

minimum charge of $9.00 per acre for the first 4 acre-feet 

plus supplemental charges of $3.00 per acre for each of 

the next 6 acre-feet and then $4.00 per acre for each 

additional acre-foot of water thereafter. In 1969 the 

supplemental charges were increased to $3.00 per acre for 

each of the first 4 acre-feet above the minimum, $3.50 per 

acre for each of the next 2 acre-feet, and then $4.50 per 

acre for each additional acre-foot of water thereafter. 

In the Wellton-Mohawk District, the excess water 

mixes with the highly saline water of the aquifer. As a 

result of the appli~tion of large quantities of Colorado 

River water throughout the district, the water table in the 

valley rose to less than eight feet from the surface 

(United States Bureau of Reclamation, 1966). An extensive 

drainage system became imperative. 

The drain water is pumped from the ground into 

conveyance canals at a cost to the district of $1.00 per 

acre-foot (Wellton-Mohawk Irrigation and Drainage District, 

1969b). This water is then discharged into the Colorado 

River channel (Chapter 4). In 1968 the drainage return 

flow was 219,760 acre-feet. 

Economic Analysis 

In the mesa section of the Wellton-Mohawk District, 

the quantity of water applied to the soil under the flood 



method of irrigation currently in use amounts to 12.1 acre-

feet of water per acre. As was noted above, the use of 

alternative methods of irrigation would entail substantial 

savings in water. For citrus, five acre-feet of water per 

acre is the maximum amount required with sprinkler 

irrigation and four acre-feet per acre is the maximum 

required with trickle irrigation. The quantities of water 

which would be used with the various methods of irrigation 

are tabulated in Table 3. 

Table 3. Water Use with Various Methods of Irrigation of 
Citrus in the Mesa Section of the Wellton-Mohawk 
Irrigation and Drainage District a 

Irrigation Acre-Feet Total Acre-Feet 
Method per Acre Applied 

Flood 12.1 115,32 9 b 

Sprinkler 5·0 47,605 

Trickle 4.0 38,084 

a9,52l irrigated acres in 1968. 

bQuantity actually delivered to farmers in 1968. 

The savings in water which "{QuId be achieved by 

changing the method of irrigation are tabulated in 

Table 4. 



Table 4. The Savings in Water in the Mesa Section of the 
We~lton-Mohawk Irrigation and Drainage District 
WhlCh Would be Realized by Changing from the 
Flood Method of Irrigation 
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Irrigation 
Method 

Acre-Feet 
Saved per Acre 

Total Acre-Feet 
Saved 

Sprinkler 7·1 67,7 2 4 

77,2 45 Trickle 8.1 

In the following economic analysis, it is assumed 

that the land has already been leveled and prepared for 

flood irrigation, and hence no further initial expenditure 

is needed for the continued use of that type of irrigation. 

Thus, the cost of land preparation for the presen~ system, 

which is $91.50 per acre (Jones, 1968), is a "sunk cost" 

and is not included in these calculations. 

All figures given are in terms of annual cost per 

acre. The cost of water is based on the rates charged in 

the Wellton-Mohawk District in 1968 (see above). 

The cost of water is partially fixed cost and 

partially variable cost. The fixed cost is the assessment 

against the farmer for an initial quantity of water, 

whether or not he uses that water. In the Wellton-Mohawk 

District, this assessment is $9.00 for the first four 

acre-feet of water. The supplemental charges for 

additional quantities of water above the minimum constitute 
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variable cost. For simplification, the cost of water is 

listed separately in the following analysis. 

Specifically in this analysis, fixed cost consists 

only of the annual amortized cost of the investment for the 

system. Variable cost includes the expenses for labor, 

machinery, and power. 

Flood Irrigation. The cost to the farmers of flood 

irrigation as it is practiced on the mesa of the Wellton

Mohawk Irrigation and Drainage District, namely, applying 

12 acre-feet of water per acre (derived by rounding off the 

12.1 acre-feet of water actually applied), is as follows 

(see Appendix B for details). 

Variable cost 

Cost of water 

Total cost 

Sprinkler Irrigation. 

$19.50 

35·00 

$54.50 

If the farmers were to 

change to sprinkler irrigation and use the designated 

amount of water, namely, a maximum of five acre-feet per 

acre, their costs would be as follows (see Appendix C for 

details). 

Fixed cost 

Variable cost 

Cost of water 

Total cost 

$21.39 

16.75 

12.00 

$50.14 
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Thus the change from the flood to the sprinkler 

method of irrigation will reduce the farmers' production 

costs by a minimum of $4.36 per acre. The actual reduction 

in cost will be greater than this amount because of the 

savings in labor and material made possible by fertilizing 

through the sprinklers (exact figures are not available). 

Reduction in the amount of water applied to the 

soil by the farmer, i.e., purchased from the district, 

would have an impact on the district. Hence the effects 

of the change to sprinkler irrigation on the district were 

determined. 

The operational costs of the Wellton-Mohawk 

Irrigation and Drainage District at present are as follows. 

Operation 

Lifting water into the district (175') 

Cost 
($/acre-foot) 

2.00 

Pumping drain water into the canal' 1.00 

The application of 5.0 acre-feet of water per acre 

by sprinkler irrigation rather than the 12.1 acre-feet per 

acre now being applied by flood irrigation would entail an 

annual saving of 67,724 acre-feet of water (Table 4). This 

is excess water that is not used by the plant and it 

augments the drain water directly. In the Wellton-Mohawk 

District, the drain water from the mesa flows to the valley 

whence it is removed by pumping. Thus, the saving in water 

would b~ reflected in the costs of both water lifted to the 
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mesa and the drain water removed from the valley. Thus, 

the saving to the district would be $3.00 per acre-foot 

($2.00 plus $1.00), or $203,172. 

The income foregone by the district r~sulting from 

this change because less water is sold would be $218,983. 

(See Appendix D.) 

However, electricity is needed to boost the water 

to the pressure required for the operation of the 

sprinklers. Thus the district would be deriving income 

from the sale of electricity, an income amounting to 
l 

$60,482 annually. (See Appendix E.) 

Actually, then, the district would have a net gain 

of: 

$203,172 - 218,983 + 60,482 ~ $44,671 

which amounts to a net gain of $4.69 per acre ($44,671 

9,521 acres). 

Thus, the change from the flood to the sprinkler 

method of irrigation would be advantageous economically. 

The cost to the farmer would be lower by at least $4.36 

per acre, which would amount to a gain of $41,512 ($4.36 x 

9,521) for the entire mesa. Since the district is a 

farmers' cooperative, any gain realized by the district 

can be considered a gain to the individual farmers. Thus, 

the total s"aving would be: 

$41,512 + 44,671 = $86,183 

This sum amounts to a gain of $1.27 per acre-foot of water 
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saved ($86,183 + 67,7 24), or a total gain of $9.05 per acre 

($86,183 + 9,521). 

Trickle Irrigation. The following computations 

on the cost of trickle irrigation are based on information 

received from Business Dynamics, Inc. (1970). 

The costs of trickle irrigation with the application 

of the designated four acre-feet of water per acre are as 

follows. (See Appendix F for details.) 

Fixed cost 

Variable cost 

Cost of water 

Total cost 

$46.12 

10.40 

9.00 

$65.52 

When only these items are considered, trickle 

irrigation will cost the farmers $11.02 more per acre than 

flood irrigation. However, there are certain savings 

realized with trickle irrigation which must be taken into 

account. Weed control costs $15.00 less per acre (Business 

Dynamics, Inc., 1970). There is also a saving in the costs 

of labor and material when fertilizer is applied through 

the trickle system (exact figures are not available). 

Thus, production costs under trickle irrigation will 

actually be reduced by more than enough to cover the extra 

costs, derived above, of this method. 
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Results 

The costs of the flood, sprinkler, and trickle 

methods of irrigation on the mesa of the Wellton-Mohawk 

Irrigation and Drainage District are compared in Table 5. 

Table 5. A Comparison of the Costs to the Farmer of the 
Flood, Sprinkler, and Trickle Methods of Irriga
tion of Citrus on the Mesa of the Wellton-Mohawk 
Irrigation and Drainage District a 

Method of Irrigation 

Item Flood Sprinkler Trickle 

Fixed cost 0 21.39 46.12 

Variable cost 
b 

19·50 16.75 10.40 

Cost of water 35·00 12.00 9.00 

Weed control and 
30.00c l5.00 d cUltivation _3 0 . 00c 

Total cost $84.50 $80.l4 e $80.52 e 

a The annual cost in dollars per irrigated acre. 

1970) . 

bExcluding cost of water. 

cAver age value from Young, Martin, and Shaw (1968). 

dMaximum estimated cost (Business Dynamics, Inc., 

e Does not include savings from fertilizer applica
tion (see text). 
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As is seen from Table 5, the farmers in the mesa 

section of the Wellton-Mohawk District would not sustain 

any extra cost by changing the method of irrigation. To 

the contrary, by adopting spriru<ler irrigation they would 

even reduce their annual costs by more than $4.36 per acre. 

(In fact, with the higher water rates in effect for 1969, 

as compared with those for 1968 upon which the calculations 

in this study are based, the reduction in costs would be 

greater than shown in Table 5.) 

The change to sprinkler irrigation would entail 

a saving of at least 67,700 acre-feet annually (Table 4). 

Thus, no cost but a direct net benefit is generated by 

saving this amount of water. 

A change in irrigation practices on the mesa in 

the Wellton-Mohawk Irrigation and Drainage District will 

result in more efficient use of the water and this in turn 

will decrease the quantity of excess water applied to the 

soil, i.e., the quantity of drain water (see Section on 

Consu~ptive Use). It is assumed that the decrease in drain 

water will be equal to the quantity of water no longer 

diverted. In 1968, the Weliton-Mohawk Drain Canal dis

charged 219,760 acre-feet of drain water into the Colorado 

River. If irrigation on the mesa is converted to the 

sprinkler method, an additional 67,724 acre-feet of water 

will be flowing down the river instead of being diverted 

through the Wellton-Mohawk District and accumulating salts 
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in the process. The remaining drainage will then amount to 

approximately 152,000 acre-feet. 

There is another source of drain water in the 

Wellton-Mohawk District that does not contribute as much 

to the drain water as the irrigation on the mesa. Never-

theless, it should be mentioned. This is the water lost 

from the district distribution system. In 1968, these 

losses amounted to 66,460 acre-feet, or 14.4% of the water 

diverted from the Gila Gravity Main Canal into the district 

distribution system (see above). Most of this water becomes 

part of the drain water. These losses occur not only on 

the mesa but throughout the district. 

If these two factors are considered in determining 

the water management practices in the Wellton-Mohawk 

District, the result would be a reduction in the quantity 

of drain water in the district by much more than 67,700 

acre-feet (which would be the approximate decrease due only 

to a change in irrigation practices on the mesa). 

The Yuma Mesa Irrigation and Drainage Distri~ 

The Yuma Mesa Irrigation and Drainage District 

consists of 19,970 acres, but of these only 17,008 acres 

were irrigated in 1968. Citrus is the principal crop grown 

in the district. The soil is sandy, and flood irrigation 

is practiced. Colorado River water is delivered to the 



district by the Gila Gravity Main Canal from which it is 

lifted 52 feet into the district distribution system. 

In 1968, 248,584 acre-feet of water were diverted 

from the Gila Gravity Main Canal to the district. Actual 
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delivery to farmers amounted to 220,710 acre-feet (Yuma 

Mesa Irrigation and Drainage District, 1970). The 

unofficial figures for 1969 show a small decrease in use: 

235,272 acre-feet were diverted from the canal and 212,400 

acre-feet were delivered to the farmers. On the basis of 

the figures for 1968, the average application of water was 

13.0 acre-feet per acre of irrigated land. 

In 1968 the cost of water to the farmers in the 

Yuma Mesa District was a minimum charge of $12.15 per acre 

for the first 9 acre-feet plus supplemental charges of 

$1.60 per acre for each of the next 4 acre-feet and then 

$2.25 per acre for each additional acre-foot of water 

thereafter. The same rates were in effect during 1969. 

For a long time in the Yuma Mesa area, there seemed 

to be no detrimental effects resulting from the large 

amounts of water applied in irrigation. Recently, however, 

it has been determined that deep percolation has created a 

groundwater mound under the mesa (Olmsted and McDonald, 

There is groundwater flow from the mound toward the 

southeast into uncultivated lands, northward into the South 

Gila Valley, and westward into the Yuma Valley. As a 

result, the groundwater table in these valleys has risen 
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considerably, in some places to as close as six feet below 

the-surface (United States Bureau of Reclamation, 1969). 

Drainage systems were constructed in 1969 for discharging 

large quantities of the northward- and westward-flowing 

drain waters back into the Gila and the Colorado Rivers. 

Besides this controlled flow of drain water back 

to the rivers, the Colorado River itself functions as a 

drain and water seeps into its channel. This water is of 

course unmeasured. However, budgeting of the flow of the 

Colorado River below Imperial Dam reveals that in 1968 at 

least 40,840 acre-feet of water entered the river un

measured (Table 6, Row 29). The highest figure for the 

unmeasured flow in the last decade is more than 76,000 

acre-feet of water in 1961 (Table 1 in Gordon, 1968). 

Actually, the unmeasured flow was probably much larger 

than indicated since there are losses in the river itself 

such as from deep percolation and evaporation. 

It must be realized, though, that the unmeasured 

seepage into the Colorado River channel occurs along the 

entire stretch from Imperial Dam to Morelos Dam. Hence, 

the flow cannot be caused entirely and exclusively by the 

conditions on the Yuma Mesa and in the Yuma Valley. 

Nevertheless, there is no doubt that part of the seepage 

does occur in that area. 



Row 
No. 

1 
2 
3 

4 

5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 

Gaging b 
Station 

4295 
5230 
5225 

5286 
5288 
5290 
5205 
5290.5 
5291 
5291.5 
5291.6 
5292 
5292.4 
5292.5 
5293.5 
5293.6 
5294 
5294.2 
5294.4 
5250 
5300 
5305 
5270 
5318 

Table 6. Water Budget of the Lower Colorado Rivera 

Description 

Flow reaching Imperial Dam 
Flow into All American Canal 
Flow into Gila Main Canal 

Flow of river below Imperial Dam 

Laguna Canal Wasteway 
Levee Canal Wasteway 
North Gila Drain No. 1 
Gila River 
North Gila Drain No.3 
Fortuna Wasteway 
North Gila Main Canal Wasteway 
South Gila Pump Outlet No.3 
Bruce Church Drain 
South Gila Pump Outlet No. 2 
Bruce Church Wasteway 
Main Outlet Drain above Gila River 
South Gila Pump Outlet No.1 
South Gila Drain No. 2 
South Gila Terminal Wasteway 
South Gila Pump Outlet No. 4 
Yuma Main Canal Wasteway 
Reservation Main Drain No.4 
Drain 8 B 
Pilot Knob Power Plant & Wasteway 
Main Outlet Drainage Extension No. 2 

1967c 

d 
5,73 2 ,000d 
4,63 4 ,000d 

855,000 

242,300 

519 
5,810 
6,120 
1,110 

295 
639 

4,040 
10,590 

1,350 
16,480 

2,620 
4,450 

29,250 
101 

1,970 
5,300 

177,900 
37,400 

941 
6 45,000 

97,060 

1968 c 

d 
5,591 ,000d 
4,491 ,000d 

860,000 

238,900 

28 
2,890 
6;440 

723 
253 
302 

1,860 
14,400 

118 
25,120 

3,450 
9,190 

28,410 
74 

1,350 
7,560 

137,100 
35,620 

872 
671,200 

96,300 
():l 

o 



26 
27 
28 

29 

30 
31 
32 
33 
34 

Table 6.--Continued 

Total addition to river 1,051,94 5 1,043,260 
Computed flow (row 26 + row 4) 1,294,245 1,282,160 

5220 International Boundary (measured) 1,331,000 1,32 3,000 

Unmeasured return flow (28 - 27) 36,755 40,840 

5319 Main Outlet Drainage Extension No. 3 99,100 103,200 
5320 Cooper Wasteway 1,080 998 
5325 II-Mile Wasteway 3,970 3,200 
5330 21-Mile Wasteway 2,370 2,070 

Total 106,5 20 109,468 

aFigur~s taken from the United States Geological Survey (1967a, 1968a). 

bSee Figure 6 for location. 

cAcre-feet of water. 

dFigures had been rounded off to nearest thousand in source material. 
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B3 
Economic Analysis 

In the Yuma Mesa District, the quantity of water 

applied to the soil under the flood method of irrigation 

currently in use amounts to 13.0 acre-feet per acre. As 

was mentio,ned above, the use of al ternative methods of 

irrigation would entail sUbstantial savings in water. For 

citrus, 5 acre-feet of water per acre is the maximu~ amount 

required with sprinkler irrigation and 4 acre-feet per acre 

is the maximum required with trickle irrigation. The 

quantities of water which would be used with the various 

methods of irrigation are tabulated in Table 7. 

Table 7. 

Irrigation 
Method 

Flood 

Sprinkler 

Trickle 

Water Use with Various Methods of Irrigation of 
Citrus in the Yuma Mesa Irrigation and Drainage 
District a 

Acre-Feet Total Acre-Feet 
per Acre Applied 

13·0. 220,710b 

5.0 B5,040 

4.0 6B,032 

a 17 ,00B irrigated acres in 196B. 

bQuantity actually delivered to farmers in 196B. 



84 

The savings in, water which would be realized by 

changing the method of irrigation are tabulated i~ Table 8. 

Table 8. The Savings in Water in the Yuma Mesa Irrigation 
and Drainage District Which Would be Realized by 
Changing from the Flood Method of Irrigation 

Irrigation 
Method 

Acre-Feet 
Saved per Acre 

Total Acre-Feet 
Saved 

Sprinkler 8.0 135,670 

15 2 ,678 Trickle 

In the following economic analysis, it is assu~ed 

that the land has already been leveled and prepared for 

flood irrigation, and hence no further initial expenditure 

is needed for the continued use of that type of irrigation. 

Thus, the cost of land preparation for the present system, 

which is $91.50 per acre (Jones, 1968), is a "sunk cost" 

and is not included in these calculations. 

All figures given are in terms of annual cost per 

acre. The cost of water is based on the rates charged in 

the Yuma Mesa District in 1968 (see above). 

The cost of water is partially fixed cost and 

partially variable cost. The fixed cost is the assessment 

against the farmer for an initial quantity of water, 

wheth~r or not he uses that water. In the Yu~a Mesa 



District, the farmer is charged $12.15 for the first nine 

acre-feet of water. The supplemental charges for addi-

tional quantities of water above the minimum constitute 

variable cost. For simplification, the cost of water is 

again listed separately in the following analysis. 

Flood Irrigation. The cost to the farmers of flood 

irrigation as it is practiced in the Yuma Mesa District 

(i.e., applying 13.0 acre-feet of water per acre) is as 

follows. (See Appendix G for details.) 

Variable cost $19.50 

Cost of water 18.55 

Total cost $38.05 

Sprinkler Irrigation. If the farmers were to 

cha~ge to sprinkler irrigation and use the designated 

amount of water (i.e., a maximum of five acre-feet per 

acre), their costs would be as follows. 

for details.) 

Fixed cost 

Variable cost 

Cost of water 

Total cost 

$21.39 

16.75 

12.15 

$50.29 

(See Appendix H 

Thus, the cost to the farmers who install spriru~ler 

irrigation will be at most an extra $12.24 per acre. 

Actually, however, the increase in cost will be less than 



indicated because of the savings in labor and material 

which will be derived from fertilizing through the 

sprinklers (exact figures are not available). 

Trickle Irrigation. The costs to the farmers of 

trickle irrigation are as follows, assuming that the 

designated four acre-feet of water is applied to each 

acre. (See Appendix I for details.) 

Fixed cost 

Variable cost 

Cost of water 

Total cost 

$q6.12 

10.qO 

12.15 

$68.67 

86 

When only these items are considered, trickle 

irrigation will cost the farmers $30.62 more per acre than 

flood irrigation. However, there are certain savings 

realized with trickle irrigation which must be taken into 

account. Weed control costs $15.00 less per acre. There 

is also a saving in the costs of labor and material when 

fertil~zer is applied through the trickle system (exact 

figures are not available). Thus, production costs under 

trickle irrigation will actually be increased by less than 

$15.62 per acre for farmers in the Yuma Mesa District who 

change from the flood irrigation method. 



Results 

The costs of the flood, sprinkler, and trickle 

methods of irrigation in the Yuma Mesa Irrigation and 

Drainage District are compared in Table 9. 

Table 9. A Comparison of the Costs to the Farmer of the 
Flood, Sprinkler, and Trickle Methods of Irriga
tion of Citrus in the Yuma Mesa Irrigation and 
Drainage District a 

Method of Irrigation 

Item Flood Sprinkler Trickle 

Fixed cost 0 21.39 46.12 

Variable cost b 
19·50 16.75 10.40 

Cost of water 18.55 12.15 12.15 

Weed control and 
30.00c 15.00d cUltivation 30.00c 

Total $68.05 $80.2g e $83.67 e 

a The annual cost in dollars per irrigated acre. 

bExcluding cost of water. 

CAverage value from Young et~. (1968). 

dMaximum estimated cost (Business Dynamics, Inc., 
1970). 

e Does not include savings from fertilizer applica
tion (see text). 
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As is seen in Table 9, the net cost to the farmer 

of changing from the flood to the sprinkler method of 

irrigation will be $12.24 per acre. Since the change will 

entail a saving of 8.0 acre-feet of water per acre (Table 

8), the net cost to the farmer of saving each acre-foot of 

water will be $1.53. 

A change in irrigation practices in the Yuma Mesa 

Irrigation and Drainage District will result in more 

efficient use of the water and so there will be a decrease 

in the quantity of excess water applied to the soil, i.e., 

the quantity of drain water. It is assumed that the 

decrease in the quantity of the drain water will be equal 

to the quantity of water no longer diverted. 

Thus if the amount of water needed for consumptive 

use and leaching under sprinkler irrigation is about 

85,000 acre-feet (Table 7), then the saving in water would 

amount to about 135,000 acre-feet. The result will be a 

decrease in the quantity of water that drains into the 

adjacent valleys and causes waterlogging of the soil, 

thereby creating drainage problems. The flow of drain 

water toward the uncultivated area southeast of the dis

trict will be greatly decreased as well. 

Furthermore, changing the system of irrigation will 

in all probability decrease the distribution losses since 

the water would then flow in closed pipes rather than in 

open canals as at present. These losses in 1968 amounted 



to about 28,000 acre-feet which is 11.3% of the water 

diverted from the Gila Gravity Main Canal into the district 

distribution system. 



CHAPTER 6 

ALTERNATIVES FOR AUGMENTATION OF THE FLOW 

There is a unanimity of opinion that if all the 

water rights in the Lower Colorado River Basin are 

exercised, there will not be enough water to meet all the 

rights during a prolonged drought (Olmsted and McDonald, 

Furthermore, it has been demonstrated that the 

quality of the Colorado River deteriorates constantly and 

the salinity may even reach a level which would be 

detrimental to agriculture by the end of this century. 

Therefore, consideration was given to the idea of 

augmenting the flow of the Colorado River with high quality 

water and even to the idea of improving the quality of the 

return flow so that it could be reused for irrigation. 

There are three major proposals for augmenting the 

flow if the Colorado River. These are: 

1. The importation of water into the Colorado River 

Basin from another river basin. 

2. The desalination of saline water. 

3. The eradication of phreatophytes. 

Each of these alternatives will be discussed in this chapter. 

In addition, there are several other possibilities 

for flow augmentation which are now under experimentation. 

90 
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No estmated cost is available for the resultant additional 

water and therefore these alternatives will be mentioned 

briefly. They are: 

1. Weather modification. 

2. Watershed management. 

3. Evaporation suppression. 

The Importation of Water 

Importation of water means diverting water from one 

river basin into the basin of another river. In reference 

to the Colorado River, this means diverting water from the 

Columbia River or even from a river basin in Canada. 

Before any of these importatio~ proposals are 

discussed, it should be reiterated that the Colorado River 

Basin Project Act of 1968 (see Chapter 3) specifically 

prohibits any official study of water importation into the 

Colorado River Ilasin for a period of ten years, that is, 

until 1978. Hence any discussion and conclusions have no 

value for the present management of the river. Even if 

importation should be of merit, due to the legal constraint 

it is relegated to the distant future. 

Before the ten-year moratorium began, some studies 

had been made to evaluate the possibilities of the 

importation of Columbia River water into the Colorado 

River Basin. The Columbia River is the largest river 

flowing into the Pacific Ocean; it has an annual mean flow 
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of 180,000,000 acre-feet of water. Most of this water is 

not utilized for agriculture or domestic uses but flows to 

the ocean. 

Various schemes have been devised for diverting 

this water to users in the arid Southwest. The costs of 

water cited in these plans may be used only as a guideline. 

Due to lack of detailed design, changes in interest rates, 

inflation, etc., these costs cannot serve as actual figures 

on which to base a management alternative. 

One such cost was established by Pirkey in 1963· 

He proposed a plan by which 15,000,000 acre-feet of water 

would be diverted from the lower Columbia River to Lake 

Mead at a cost of $58 per acre-foot. He based this cost 

on an interest rate of 5% and a 50-year estimated life 

(Howe, 1968). In 1965 Dunn proposed a different plan for 

diverting 5,000,000 acre-feet of water from the Columbia 

River to Lake Mead at a cost of $54 per acre-foot, a plan 

which was also based on a 5% interest rate and a 50-year 

estimated life (How@, 1968). 

Thus it appears that the minimum cost of water 

imported from the Columbia River will be between $50 and 

$60 per acre-foot with an interest rate of 5% and an 

economic lifetime of 50 years. The cost of course in-

creases greatly with an increase in the interest rate. 

The Canadian plan or, as it is called, the North 

American Water and Power Alliance (NAWAPA) has not been 
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actually planned, but only sketched (The Ralph M. Parsons 

Co.,1969). It may involve the transportation of the huge 

amount of 110,000,000 acre-feet of water from the far 

northwestern portions of the continent to various parts of 

Canada, the United States, and Mexico. The water would be 

diverted mainly from the Susitna, Copper, and Tanana Rivers 

in southeastern Alaska; from the Yukon and Steward Rivers 

in the Yukon Territory; and from the Liard, Steward, 

Stikine, Fraser, Peace, Kootenai, and Columbia Rivers in 

British Colum~ia. This project is far too speculative to 

warrant any guesses about the cost of water. 

Desalination 

The desalting of sea water has been the subject of 

widespread attention in the past decade. For some time it 

seemed to be the solution for water scarcity wherever this 

problem may be. Intensive technical research into the 

process of desalting the practically unlimited amount of 

sea water has been conducted for many years. Several 

techniques have been developed to the point of being put 

into operation for the production of water supply for 

domestic use where other sources of fresh water were not 

available. At present the research is concentrated on 

perfecting a large-scale desalting plant which will 

utilize nuclear power as its source of energy. 
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The unresolved problem at present is the economics 

of producing this water. The figures vary greatly, but 

since no large-scale desalting plant is currently in 

operation or, for that matter, even under construction, 

the question is academic at this time. 

Desalination is introduced here because desalting 

projects have been proposed for the area under study. One 

of the proposals calls for a plant for desaltin6 sea water 

which would then be delivered to the Colorado River channel 

or directly to users of Colorado River water. 

This proposal was studied by a joint United States

Mexico International Atomic Energy Agency study team 

(International Atomic Energy Agency, 1968). They recommended 

the construction on the Gulf of California of a large 

magnitude nuclear dual-purpose electricity-water plant 

having a capacity of one billion gallons per day or 

1,128,700 acre-feet per year. It would be located on the 

border east of San Luis Rio Colorado near El Golfo de 

Santa Clara. 

Two stages were envisioned: a near-term phase for 

1975 to 1980 and a far-term phase for 1990 to 1995· 

Multistage flash technology was recommended for the former 

pqase and improved vertical evaporators for the latter 

phase. 

In the first phase the cost of water was figured 

to be 26 to 32 cents per 1000 gallons (assuming 6.5% 
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interest) which is $84.50 to $104.00 per acre-foot. 

Because of anticipated technological development, it was 

assumed that the cost of water from the second phase plant 

would be 10 to 30 cents per 1000 gallons which is $32.50 

to $97.50 per acre-foot. To the cost of the water must be 

added the cost of conveying the water to the place of use, 

a cost which depends of course on the location in which 

the water would be used. 

Incidentally, it was not decided in what way this 

water would be used, that is, whether as a supplement to 

or as a substitution for the Colorado River water. 

Obviously if this water is to be considered in any manage

ment scheme, the various alternatives for use of this water 

should be considered, and the different costs attached to 

each alternative of usage should be evaluated. 

It is important to note that the estimated costs 

of the product water from other large-scale plants for 

desalting sea water are higher than the estimated cost of 

the product water from the Gulf of California desalting 

plant. For the proposed desalting plant in Israel, for 

example, MacAvoy and Peterson (1969) reported that the 

"best" estimated cost of desalted water is $0.60 per 1000 

gallons, with an optimistic estimate being $0.55 per 1000 

gallons. This would be $195 and $179, respectively, per 

acre-foot of product water. Clawson, Landsberg, and 

Alexander (1969), on the other hand, reported that the 
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cost estimate for desalted sea water is $0.90 to $1.00 per 

1000 gallons, which is $293 to $325 per acre-foot. 

In addition to the desalting of sea water, it was 

also proposed that the drain water of the Wellton-Mohawk 

Drain Canal be desalted. A study to determine the cost of 

such an undertaking was made by Maletic, Sachs, and Kraus 

(1968). They reported that the cost of irrigation water 

would range between $150 and $200 per acre-foot, depending 

on a variety of factors, such as method of desalting, 

quality of product water, and cost of electricity. It must 

be mentioned, however, that the premises on which their 

study was based are questionable, and therefore their 

figures must be regarded with reservation. 

Because of the high estimated cost of the product 

water, no large-scale desalting plant is under construction 

at the present time. Research is continuing in an effort 

to devise the means by which saline water can be desalted 

~ore economically. 

The Eradication of Phreatophytes 

A controversial source of water for augmentation 

of the Colorado River flow is the eradication 0f phreato-

phytes. The word phreatophyte means IIwater-loving 

vegetation. II These plants create a kind of stream-side 

forest. The most common species are cottonwood, walnut, 
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ash, saltcedar, willows, mesquite, greasewood, and 

rabbitbrush. 

Their consumptive use varies with the species and 

the conditions. For example, the consumptive use of 

cottonwood is 5.0 to 6.0 acre-feet of water per acre while 

that of willows is 4.5 acre-feet of water per acre (Muckel, 

1966) . Saltcedar consume between 4.0 and 9.2 acre-feet of 

water per acre depending on the depth of the water table; 
, 

the deeper the available moisture, the lower the consump-

tive use (Robinson, 1965). 

Since there is some question about the commercial 

value of these plants, it has been suggested that they be 

removed in order to salvage the water that they are using. 

This progra~ has encountered strong opposition from con-

servationists who object because the phreatophytes are 

highly valued as the habitat of various types of wildlife. 

Despite this opposition, studies are being con-

ducted and plans are being formed to eradicate these 

plants. The studies deal with the actual amount of water 

that may be salvaged if the phreatophytes are eradicated 

and with the economic feasibility of such operations on a 

large scale. 

In the Colorado River main stream between Davis 

Dam and the international boundary, the area covered with 

phreatophytes (including saltcedar, saltbush, mesquite, 

palo verde, willows, arrowweed, and phreatophytic grasses) 
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is estimated to be about 139,200 acres. The same phreato-

phytes cover about 100,700 acres in the Giia River Basin 

(Robinson, 1968). 

The eradication of phreatophytes can be effected 

by the removal or destruction of the plants by mechanical 

or chemical means. Another possibility is to destroy the 

phreatophytes by lowering the water table beyond the reach 

of the roots. 

Research has shown that many species of phreato

phytes actually lower the water table which otherwise would 

be at or near the surface. Eradication of these plants 

would therefore result in a rise of the water table, which 

in turn would cause an increase in evaporation. If the 

water table should rise close to the surface, the resultant 

evaporation may then actually equal that from a free water 

surface. 

Consequently, it was proposed that in order to 

save water, the removed phreatophytes should be replaced 

with another crop such as Bermuda grass. It is rather 

doubtful, however, that replacing the phreatophytes with 

Bermuda grass would salvage any water to increase the flow 

of the Colorado River. Furthermore, it is questionable 

if the marginal value product of Bermuda grass is higher 

than that of the phreatophytes and, if so, by what order 

of magnitude. 



According to the Corps of Engineers (Bristow, 

1969), about 1.5 acre-feet of water per acre may be 

salvaged if the eradicated plants are not replaced. 
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The cost of phreatophyte eradication is not really 

known yet. The tentative cost ranges between $100 and 

$350 per acre. The thicker the growth, the higher the 

cost of removal. The annual cost of maintaining the area 

so as to prevent the regrowth of the phreatophytes ranges 

between $5 and $15 per acre (Bristow, 1969). 

As was indicated above, the knowledge which is 

available at present about phreatophytes and the cost and 

consequences of their removal is only very general. In 

fact, it is so limited that it cannot serve as the basis 

for including the eradication of phreatophytes in the 

management of a river basin. 

Weather Modification 

It has been established that, through various 

cloud-seeding techniques, it is possible to increase 

precipitation. Studies and experiments have been initiated 

by the Bureau of Reclamation. 

The first seeding activities in the Colorado River 

pilot project were scheduled to start in the winter of 

1~69-1970 (National Science Foundation, 1969). Until the 

pilot project studies are completed, the amount of added 
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precipitation and hence the cost per unit of water are 

unknown. 

More basic research and experimentation are needed 

before this technique is perfected so that the time loca, 
tion, and quantity of the artificially produced precipita-

tion can be controlled. Only then can the effects of 

weather modification be ascertained and its cost estimated. 

Watershed Management 

Various experiments are now being conducted to 

determine the effects of watershed managment on the amount 

of runoff. In the Upper Colorado River Basin, for example, 

timber was harvested in a pattern of alternate clearcut 

strips from the 714-acre watershed of Fool Creek in the 

Fraser Experimental Forest. The resultant increase in 

streamflow was about 25% (Hoover and Leaf, 1967). Although 

the increase in runoff seems impressive, more experimenta-

tion is needed in order to determine the exact increase as 

well as the cost of such an operation. 

Since both of these alternatives would add water to 

the Upper Colorado River Basin, it is questionable if the 

Lower Basin States would have any claim to this supple-

mental water beyond the allocation provided by the Colorado 

River Compact. 



Evaporation SU£Qression 

The large lakes created by dams along the main 

stream of the Colorado River are losing large amounts of 

water by evaporation (Chapter 7). Decreasing the extent 
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of this evaporation would increase the flow of the Colorado 

River. Since most of the lakes are in the Lower Basin, 

the additional water would be available to the Lower Basin 

States and Arizona in particular would benefit. 

In order to reduce the evaporation, long-chain 

alcohols are dispensed as powder, solution, or emulsion 

over the surface of the lake and a monomolecular film forms 

on the water suface. The major drawback of this system is 

that the wind and waves disrupt the monolayer (Cluff, 1967) 

and thus reduce its effectiveness. 

Another method employs various types of floating 

rafts which cover part of the water surface and thereby 

decrease evaporation. In South Africa, concrete rafts 

painted white to reflect the sun are used commercially to 

reduce evaporation from reservoirs. 

Since these methods of evaporation suppression are 

still in experimental stages, it is difficult to provide 

any rational cost estimates. However, if any such method 

should become technologically as well as economically 

feasible, then its benefit will be two-fold. It will in

crease the amount of water available as well as improve the 

quality of the Colorado River water which is deteriorating 
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partly because of the high rate of evaporation from the 

lak~s created on the river by the dams (Chapters 2 and 7). 



CHAPTER 7 

DISCUSSION AND CONCLUSIONS 

This study has shown that the irrigation method 

currently used on the mesa of the Wellton-Mohawk Irrigation 

and Drainage District and in the Yuma Mesa Irrigation and 

Drainage District employs water far in excess of the 

amounts required by the plant and for leaching purposes 

(see Chapter 5). Such application of water, besides being 

wasteful, causes drainage problems which in turn cause 

pollution of the Colorado River water flowing to Mexico. 

The availability of water for use within the state 

is a crucial matter for Arizona. Arizona was allocated 

2,800,000 acre-feet of Colorado River water by the 

Secretary of the Interior in accordance with the Boulder 

Canyon Project Act. Afterwards, in order to secure the 

passage of the Colorado River Basin Project Act (see Chapter 

3), Arizona agreed that California shall receive its entire 

share of water from the Colorado River (4,400,000 acre

feet) before any water is diverted into central Arizona 

by means of the Central Arizona Project. That means that 

if the release at Lee Ferry will be limited to the 

7,500,000 acre-feet of water designated by the Colorado 

River Compact, then Arizona will have to bear all the water 

103 
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losses from the River in the Lower Basin. The principal 

cause of water loss from the Colorado River is the 

evaporation from the lakes which is in excess of 1,000,000 

acre-feet annually. (In 1963, 907,200 acre-feet of water 

evaporated from Lake Mead [Arizona Water Quality Control 

Council, 1967J. When the evaporation from lakes Mohave 

and Havasu is added, the total evaporation losses in the 

Lower Basin exceed 1,000,000 acre-feet annually.) 

Thus under the described conditions, Arizona's 

allotment of Colorado River water will decrease appreciably. 

Therefore, it is of param~unt importance that very efficient 

use be made of the available water. 

Therefore, two alternative methods of irrigation 

(sprinkler and trickle irrigation) have been evaluated in 

this study and compared with the one presently used (flood 

irrigation) in order to determine which method uses the 

water most efficiently. Even though trickle irrigation 

seems to be very promising, it is still in a state of 

experimentation, and therefore only sprinkler irrigation 

is discussed in this chapter. 

Alternative Method of Irrigation 

The study of sprinkler irrigation revealed the 

possibility of decreasing the amount of water applied to 

the soil without causing any harmful effects on the crops. 

In fact; experiments on the Yuma Mesa {Frost and Rodney, 
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1962) indicate that, with the application of 4.8 acre-feet 

of water per acre through sprinkler irrigation, there is 

an increase of 4 to 10% in the yield of citrus fruit. 

The beneficial effects on the entire system of the 

alternative method of sprinkler irrigation differ in the 

two districts a~d therefore will be discussed separately. 

The Wellton-Mohawk Irrigation and Drainage District 

As was mentioned in Chapter 2, the salinity of the 

Colorado River water increases drastically between Imperial 

Dam and Morelos Dam. This change is caused by the drain 

water that is discharged into the river channel. The 

largest drain canal in this section of the river is the 

Main Outlet Drain Extension of the Wellton-Mohawk Drain 

Canal which carries drain water of very high salt concentra-

tion. The salt concentration of the drain water in this 

canal varies during the year, with differences between the 

winter and the summer months (see Appendix A). 

In order to evaluate the increase in the salinity 

in the section of the River between Imperial Dam and 

Morelos Dam, one typical summer month, June 1968, was 

chosen as the basis for the evaluation. 

are presented in Table 10. 

The relevant data 

Since the salt concentration of the Wellton-Mohawk 

Drain Canal is so high, it is obvious that a change in the 
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Table 10. Flow and Salinity Data for June 1968 

Location 
Flowa 

(acre-feet) 
Salt Concentration 

(ppm) 

Colorado River 
(at Yuma Main Canal) 

Wellton-Mohawk Drain 

Morelos Dam 112,891 

a From data of Bureau of Reclamation (United States 
Bureau of Reclamation, 1968). 

bUnited States Geological Survey (1970). 

c From data of International Boundary and Water 
Commission (United States Bureau of Reclamation, 1968); the 
mean composite figure computed by the Bureau of Reclamation 
for this month is 1337 ppm (United States Bureau of 
Reclamation, 1968). 

quantity of drain water will be reflected by a change in 

the salinity of the river water at Morelos Dam. 

As was mentioned in Chapter 5, by changing the 

method of irrigation used on the Wellton-Mohawk mesa from 

flood to sprinkler irrigation, about 67,700 acre-feet of 

water will no longer be applied for irrigation (Table 4) 

and thus will not be diverted into the district but rather 

will be permitted·to flow down the river. Furthermore, it 

is hypothesized that when this 67,700 acre-feet of water 

is applied to the soil, it directly augments the drain 

water since it is excess water which is not required by 
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the plant. Therefore, the quantity of drain water will 

decrease by the same amount as the water no longer applied 

to the soil. 

The total drain flow in 1968 was 219,760 acre-feet. 

Thus, 67,700 acre-feet constitutes }0.7% of this flow. If 

the drain flow in June 1968 were reduced by the same 

amount, it would be 11,525 acre-feet (vs. 16,630 acre-

feet) • Appendix J shows that theoretically the salt con-

centration at Morelos Dam was 1273 ppm (vs. 1269 ppm 

actually measured) and that under the proposed conditions 

it would be 1131 ppm. At present the increase in salinity 

(on a theoretical basis) between Imperial Dam and Morelos 

Dam is: 

1273 - 811 = 462 ppm 

Under the proposed conditions it would probably be: 

1131 - 811 = 320 ppm 

which is a decrease of 142 ppm or 30.7%. The exact change 

in salinity could be determined when a detailed groundwater 

basin model becomes available. 

An additional improvement in water management which 

could be initiated ln the Wellton-Mohawk District is the 

curtailment of the distribution losses which amounted to 

more than 66,000 acre-feet in 1968. 

At present the Wellton-Mohawk Drain Canal flows at 

full capacity throughout the year, permitting little 

variation in its operation. With the decrease in the 
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quantity of drain water, there will be much greater 

flexibility in the operation of the drainage system. Thus 

it would be possible to vary also the rate of flow of the 

drain water (instead of just the quality as at present) in 

accordance with the conditions of the river and the 

requirements of the season. 

The water charged against the Wellton-Mohawk 

Irrigation and Drainage District and thus against the 

allocation of the State of Arizona is computed on the basis 

of diversion min~s return flow. Since there is little 

water not accounted for in the water budget of the Wellton

Mohawk District, it seems that practically all of the drain 

water is returned to the river. It may be assumed that 

this condition will prevail regardless of the amount of 

drain water. Therefore, the amount of water applied to 

the soil and the method of irrigation used in the district 

have practically no effect on the quantity of water charged 

against the state. Therefore, there will not be any change 

in the amount of water available to Arizona even though 

less water would be diverted into the district with the 

institution of sprinkler irrigation. The benefit accrues 

to the farmers and to the Federal Government which under 

law is charged with the responsibility of meeting the 

obligations of the Mexican treaty. 

The benefits to the farmer on the mesa in the 

Wellton-Mohawk District are very obvious. The farmer who 
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changes from flood to sprinkler irrigation will reduce his 

costs for irrigation from $84.50 to $80.14 per acre 

(Table 5), and his district will gain $4.69 per acre. 

Thus, the total gain for the mesa will be $9.05 per acre. 

Furthermore, these figures do not include the decrease in. 

the costs of weed control and cultivation and the probable 

decrease in the costs of labor and material for fertilizing 

which would be realized with sprinklers. (Since the exact 

extent of such savings is uru<nowu, it is not introduced 

here. ) 

In the calculations of the cost of flood irrigation 

on the mesa of the Wellton-Mohawk District, the fixed cost 

was considered to be zero because the land had already been 

prepared for flood irrigation This of course is not the 

case for the development of new areas where the land must 

first be prepared for irrigation. For these lands, the 

annual amortized investment cost of preparing them for 

flood irrigation would be $7.37 per acre (based on $91.50 

as the cost of land preparation amortized over 30 years 

[Jones, 1968J at 7% interest). This fixed cost must be 

added to the annual cost of $84.50 (Table 5). Hence the 

cost of flood irrigation for newly developed land on the 

Wellton-Mohawk mesa would be: 

$84.50 + 7.37 = $91.87 

On the other hand, the comparable cost of sprinkler 

irrigation is $80.14 (Table 5). The annual saving in 
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irrigation costs per acre would therefdre be: 

$91.87 - 80.14 = $11.73 

Thus the installation of sprinklers in any expansion of 

land development will result in much lower costs than the 

implementation of flood irrigation. 

This study was based on the water rates in effect 

during 1968. Consequently, if the higher 1969 costs of 

water are used (Chapter 5), the savings in costs derived 

from the change to sprinklers and from the installation of 

sprinklers on newly developed land would be even greater. 

One other important factor which must be included 

in any consideration of the amount of water that is 

applied to the soil is Phytophthora, a prevalent root 

disease which causes the death of affected trees. It is 

caused by the fungus Phytophthora citrophthora under con

ditions of excessive moisture in the soil (Hilgeman, 1970). 

If, as is likely, sprinkler irrigation will reduce the 

incidence of Phytophthora, farmers will be spared the loss 

of income from the diseased trees as well as the costs of 

removing and replacing dead trees. 

The Yuma Mesa Irrigation and Drainage District 

In the Yuma Mesa Irrigation and Drainage District 

the drainage problem was never very serious. The ground

water mound has not caused major drainage problems in the 

district because the groundwater flows from the mound to 
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the South Gila Valley, to the Yuma Valley, and to un-

cultivated areas. However, it has created waterlogging 

problems in the adjacent districts which necessitated the 

construction of drain systems that discharge into the 

Colorado and the Gila Rivers. In addition, an unmeasured 

portion of the drain water seeps back into the Colorado 

River channel (see Table 6). 

The quality of this drain water is better than that 

in the Wellton-Mohawk Drain Canal because, unlike the 

Wellton-Mohawk area, the Yuma Mesa area has never suffered 

from the problems which arise with the recirculation of 

groundwater. Since the computation of the salinity at 

Morelos Dam of the combined waters from the Wellton-Mohawk 

Drain Canal and from the Colorado River (Appendix J) is 

equivalent to the measured salt concentration, i.e., about 

1270 ppm, the additional drain water seeping into the river 

from the agricultural lands adjacent to the Yuma Mesa 

District must be of about that same quality. 

Thus, the present effect on the quality of the 

river water is not significant. However, if the recom-

mended changes are made in the Wellton-Mohawk District but 

not in the Yuma Mesa District, then the drain water from 

the Yuma Mesa District (1270 ppm) will become significant 

in affecting the composite salinity of the Colorado River 

water at Morelos Dam (new salt concentration: 1131 ppm). 

Therefore, it is important that efforts be made to curtail 



the quantity of drain water originating in the Yuma Mesa 

Irrigation and Drainage District. 
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With the present method of irrigation, more than 

220,000 acre-feet of water are diverted annually into the 

Yuma Mesa District. Most of this water is not used by the 

plant and is not required for leaching and so it augments 

the drain water. However, because of the flow of ground-

water to uncultivated lands and to other districts, only a 

small part of this water returns to the river as measured 

flow. As Table 6 shows, some of the drain water seeps back 

into the river unmeasured and therefore cannot be credited 

to the district (and thus to Arizona) as return flow. 

Under the proposed method of sprinkler irrigation, 

only 85,000 acre-feet of water will be diverted into the 

Yuma Mesa District annually (Table 7). Thus, there will be 

a saving of about 135;000 acre-feet of water which is now 

being charged against Arizona's water allocation since the 

measured return flow at present is very small. This 

quantity could then be used for local expansion of irrigated 

land or for other purposes elsewhere in the state, which 

would be very important to Arizona. 

It should be noted that part of the drain water 

from the Yuma Mesa is probably stored in underground 

aquifers and thus can be considered stored water for 

potential future use. Another portion of the Yuma Mesa 
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drain water flows to areas that will probably not be used 

for agriculture and so may be forever lost to Arizona. 

Since all the canals in the area are flowing at 

full capacity (Maddock, 1970) due to the large use of 

water, no further development of this area is possible if 

the present irrigation method continues in use without the 

construction of a completely new set of canals. Thus, 

under the present conditions, expenditure for this con

struction will be a prerequisite to all new land develop-

ment in this area. Under the proposed conditions, however, 

the canals would not be flowing at full capacity in order 

to supply water to the present irrigated acreage. There-

fore, these same canals, with some extension, could be 

used to supply water to additional acreage. 

In the Yuma Mesa Irrigation and nrainage District, 

the benefits to the farmers who change to sprinkler 

irrigation are not clear-cut. Since the cost of water in 

this district is mostly fixed cost, changing to the 

sprinkler method of irrigation will change the cost of 

water only slightly. Thus, even though large amaunts of 

water (8.0 acre-feet per acre) can be saved, the saving in 

water costs to the farmers would amount to only $6.40 per 

acre. Therefore, changing from the flood system of 

irrigation to the sprinkler system will cost the farmers 

in the Yuma Mesa District an additional $12.24 per acre 

(Table 9). However, the calculations which derived this 
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cost did not include certain benefits which cannot be 

quantified (i.e., the decrease in the costs of weed control 

and cultivation and the probable decrease in the costs of 

labor and material for fertilizing which would be realized 

with sprinklers). Obviously, these benefits will reduce 

this extra cost considerably and may even eliminate it 

completely. 

Similarly, the cost of $1.53 per acre-foot of water 

saved, which is derived from the added cost of $12.24 per 

acre f~r sprinkler irrigation which would save 8.0 acre

feet of water per acre (12.24 7 8 = $1.53), is a maximum 

cost which in reality would be considerably lower once all 

the benefits are considered. It is even likely that there 

would be no cost involved in saving this water. 

Furthermore, the citrus tree root disease caused by 

Phytophthora citrophthora is also prevalent in the Yuma 

Mesa District (see above). Sprinkler irrigation will 

probably reduce the incidence of this disease and con

sequently farmers will be spared the loss of income from 

diseased trees as well as the costs for removal and re

placement of dead trees. 

As in the Wellton-Mohawk District, the annual 

fixed cost of flood irrigation for newly developed lands 

in the Yuma Mesa District will be $7.37 per acre (see 

above). This will increase the total annual cost of flood 

irrigation from $68.05 (Table 9) to $75.42 
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Since the total annual cost of 

sprinkler irrigation would be $80.29 (Table 9), the use of 

sprinkler irrigation on newly developed lands on the Yuma 

Mesa would cost only $4.87 more per acre than the use of 

flood irrigation. 

Augmentation 

As was explained in Chapter 3 and documented in 

Appendix A, the quality of the Colorado River water is of 

prime concern to the United States government. This 

concern arises from the relations with Mexico due to the 

ramifications of supplying Mexico with the water that the 

Mexicans contend is of poor quality. 

One question that may be asked is why should the 

United States be concerned about the quality of water 

Supplied to Mexico when officially the United States may 

supply water of any quality since the United States-Mexican 

Treaty of 1944 made no mention of quality. The answer lies 

in the fact that the United States tries to maintain the 

relations with Mexico on the basis of diplomatic negotia

tions rather than the decisions of arbitrational tribunals. 

Thus compromises are reached. In the matter of water 

quality, this is in the form of efforts to control the 

salinity of the Colorado River water. 

The options open to the Federal Government for 

controlling the salinity of the Colorado River water as 
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well as supplying the entire Mexican allotment of water 

have been discussed in the previous chapters. It is clear 

that, in accordance with the Treaty of 1944, Mexico is to 

be supplied with 1,500,000 acre-feet of water annually. 

Only in the event of a shortage of water throughout the 

Colorado River Basin will the Mexican allotment be 

curtailed. 

In order to decrease the salinity level of the 

river, the United States could choose to discharge the 

entire drain flow downstream from the site of Mexican 

diversion, either into the river channel below Morelos Dam 

or directly into the Gulf of California if discharging the 

drain water into the river channel is found to be harmful. 

M.O.D.E. Discharge Location No.3 provides for the former 

alternative. In order to implement the latter, the drain 

canal would have to be extended from Morelos Dam to the 

Gulf of California, an extension of about eighty miles 

that would cost about $33,400,000 (Appendix K). Further

more, since the return flow from the districts is part of 

the Mexican allotment, the United States would have to 

replace this drain water which was discharged farther 

downstream by somehow augmenting the flow of the river. 

In Chapter 6, it was shown that at present the 

augmentation possibilities are unclear at best. Due to 

the legal limitation, water importation cannot even be 

officially studied at present. The tentative cost of 
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$50 to $60 per acre-foot of imported water was derived from 

incomplete studies based on the currently unrealistic low 

interest rate of 5%. Due to the moratorium, studies 

cannot even be initiated until ten years have passed since 

the signing of the Colorado River Basin Project Act (that 

is, until after September 30, 1978). Allowing time for 

study, planning, and construction, water importation does 

not seem to be a practical solution for the near future, 

and thus cannot be considered as a reasonable alternative 

for the solution of the present problems. 

Desalination is technically possible and no insti

tutional constraints were imposed on its study, but 

economically it is dubious. The range of the cost esti-

mates is extreme: from $0.26 to $1.00 per 1000 gallons of 

product water, which is $84.50 to $325 per acre-foot. 

On the basis of the intermediate cost of $195 per 

acre-foot reported by MacAvoy and Peterson (1969), de

salting the Wellto~-Mohawk Drain Canal water so that the 

water of the river at Morelos Dam would have a salinity of 

1131 ppm (as would result from the proposed change in irri

gation method [Chapter 7J) would cost about $49 per acre-

foot of drain water. (See Appendix L for details). 

Phreatophyte eradication may add some flow to the 

stream even though exact knowledge about the amount of 

water that can be salvaged is lacking. There is strong 

opposition by conservationists to such an operation. 
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Furthermore, the tentative cost of $100 to $350 per acre 

for the eradication, from which probably no more than 1.5 

acre-feet of water would be salvaged per acre, plus the 

costs of yearly maintenance would render this alternative 

econamically unsound at this time and under the present 

circumstances. 

Evaluation of the Various Alternatives 

In evaluating the various alternatives, it should 

be noted that the augmentation alternatives could become 

economically feasible if all other local water resources 

were exhausted and a real shortage of water did exist. 

Under these conditions, if the opportunity cost of water 

was worth the cost of augmentation, then augmentation might 

be sound economically and should be considered as a 

plausible management alternative. 

However, at present the best solution appears to 

lie with improved management of the existing water supply. 

Doing so requires change to a different method of irriga

tion. 

As has been explained in this chapter, this change 

would benefit practically all concerned. Therefore, this 

change will be beneficial to the society as a whole since, 

as is stated in the Pareto Principle of Economic Welfare 

Optimality, improvement occurs if no one is harmed and 

even one person is better off, or, as the Hicks-KaldQr 
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extension states, a change is an improvement if those ·who 

gain evaluate their gains at a higher figure than the value 

which the losers set upon their losses. 

Nevertheless, despite the great benefit, implementa

tion of the proposed change in the method of irrigation may 

not be easy. Ways of implementing the proposed change from 

flood to sprinkler irrigation on the mesa of the Wellton

Mohawk Irrigation and Drainage District and in the Yuma 

Mesa Irrigation and Drainage District are set forth in the 

next chapter. 



CHAPTER 8 

IMPLEMENTATION 

No matter how clear and convincing a hypothetical 

analysis may be, it does not always provide sufficient 

incentive for an entrepreneur or for an entrenched agency 

or bureau to change its methods of operation. 

A hypothetical analysis like this rests on pro

jections of input-output and cost-return relations as well 

as expectations concerning administrative, legislative, 

and judicial actions. Risk and uncertainty are inherent in 

such projections. Thus, persons and organizations affected 

often are reluctant to accept such projections and to act 

upon them because the uncertainties in existing arrange-

ments may seem to be lesser than in changed ones. This is 

often expressed as uncertainties from "rocking the boat" 

or "opening Pandora's box." 

Several Federal agencies are involved with the 

Lower Basin of the Colorado River which is below Imperial 

Dam. These include the Bureau of Reclamation, the Inter-

national Boundary and Water Commission, the Federal Water 

Pollution Control Administration, and, to a lesser extent, 

the Office of Saline Water. In addition, the State of 

Arizona has a vital interest in any decision regarding 

120 
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water allocation in the Lower Basin, either interstate or 

intrastate. 

In evaluating these entities and their objectives, 

one can see compelling reasons why each of these agencies 

should support the proposed changes since their implementa

tion would promote efficiency in the utilization of water-

a basic goal of each of these agencies. 

The Bureau of Reclamation of the Department of the 

Interior is the agency that constructed and is operating 

the major structures on the Colorado River and that is in 

charge of the supply of water to the various districts in 

the Colorado River Basin. Because the supply of water is 

limited and importation of water from a different basin is 

not feasible for the near future, the implementation of 

methods of saving water is of great advantage in the 

management of the system, and especially so during the 

occasional periods of water shortage. Therefore, any 

method of saving water would make the task of the Bureau 

of Reclamation easier. 

The International Boundary and Water Commission, 

which is an arm of the State Department, should support 

the proposed change since reducing the salt concentration 

of the water of the Colorado River will result in an 

improvement of relations between the United States and 

Mexico. It will make easier the enforcement of the 

agreement with Mexico which this Commission is authorized 
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to oversee. Furthermore, an alternative for improvement of 

the quality of the Colorado River water, such as is pro

posed in this study, may aid the United States in the 

renegotiation of Minute No. 218 which will take place in 

1970 (Appendix A). 

Support might also be expected from the Federal 

Water Pollution Control Administration of the Department 

of the Interior. Its endeavors are to improve the quality 

of rivers and estuaries. Since this study proposes 

improvement of the quality of the Colorado River water, the 

proposals serve the goal of this agency. 

The Office of Saline Water of the Department of the 

Interior is a research and planning agency rather than an 

administrative body, and thus its position is somewhat 

different. Its interest in the area centers on studies of 

a possible desalting plant on the Gulf of California. Even 

though studies have been conducted on this project, much 

yet remains to be done, especially in evaluating the 

economic feasibility of such a plant, and research in this 

field will undoubtedly continue regardless of any methods 

of saving water which may be introduced. Therefore, this 

study is probably irrelevant to the activities of the 

Office of Saline Water. 

As to the State of Arizona: this study reveals that 

the quantity of water potentially available for use in th~ 

state is really larger than has been realized. Additional 
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water can be made available within Arizona's allotment of 

Colorado River water by achieving more efficient use of 

that allotment through changing to sprinkler irrigation in 

the Yuma Mesa Irrigation and Drainage District. This will 

allow the state to increase irrigated acreage, to reduce 

overdraft on groundwater, or to increase other water uses 

important to the state while using the same amount of 

water as is now diverted from the Colorado River. Such 

expansions could consist of irrigated acreage in the Yuma 

area or anywhere else within the state to which Colorado 

River water can be economically transported directly or by 

exchanges. 

While support may be forthcoming from the govern-

mental agencies, a change in the method of irrigation must 

be implemented by the individual farmers. They are the 

ones who must be convinced to do so. Because the situation 

is different in the two irrigation districts studied, each 

one will be discussed separately. 

The Wellton-Mohawk Irrigation and 
Drain~e District 

As a result of the change from flood to sprinkler 

irrigation, the cost of irrigation to the farmers on the 

mesa of the Well ton-Moha1v-k Irrigation and Drainage District 

will be decreased directly by at least $4.36 per acre and 

indirectly, through their District, by an additional $4.69 
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per acre, and these savings will be even greater when all 

the resultant benefits are considered (see Chapter 5). 

If the incentive provided by the actual monetary 

gain should prove to be insufficient for convincing the 

farmer to change to sprinkler irrigation, the Federal 

Government could take action by supplying only the amount 

of water it is obligated to deliver to the Wellton-Mohawk 

District, that is 300,000 acre-feet of water to 75,000 acre 

acres of land (Chapter 4). Since there are now about 

60,000 acres of land under irrigation in this district, 

this delivery would provide five acre-feet of water for 

each acre. Since this quantity of water is insufficient 

for the operation of flood irrigation in sandy soils, the 

farmers would find it necessary to change their method of 

irrigation in the manner proposed herein. 

It would seem that as a result of the combination 

of these two factors, it might be possible to implement 

the change in water use on the mesa of the Wellton-Mohawk 

Irrigation and Drainage District from which the Federal 

Government would realize a gain of about 67,700 acre-feet 

of water in the Colorado River at 800 to 900 ppm instead 

of at about 4000 ppm. Furthermore, the farmers stand to 

ga~n significantly in net returns. 

However, the change will confront farmers with a 

sizable capital requirement (to install sprinkler systems). 

Reluctance on their part due to the risk and uncertainties 
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inherent in such large capital commitments could be 

assuaged by various devices available to the Government to 

reduce such risks, from guaranteeing repayment of credits 

to outright subsidy of capital costs. 

The Yuma Mesa Irrigation and Drain~ 
District 

In the Yuma Mesa Irrigation and Drainage District 

the situation is more complicated than in the Wellton-

Mohawk District. The change from the flood to the sprinkler 

method of irrigation in the Yuma Mesa District will entail 

a maximum cost to the farmer of $12.24 per acre (Table 9). 

This estimate does not include savings in fertilizing and 

in weed control and cultivation which would be realized 

with sprinklers. Furthermore, it does not include the 

additional savings to the farmer which would result from 

the reduction in the incidence of Phytophthora disease, and 

possibly even its eradication. Nevertheless, under the 

present conditions the farmer will probably need some 

additional incentive for changing his irrigation methods. 

There are various possible ways to provide this incentive. 

As was mentioned in Chapter 5, the cost of water 

in the Yuma Mesa District is $12.15 per acre for the first 

nine acre-feet (which is really a fixed cost), $1.60 per 

acre for each of the next four acre-feet, and $2.25 per 

acre for each additional acre-foot of water thereafter. 

One consequence of this price scale is that a saving in 
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water results in little saving in cost to the farmer. For 

example, thirteen acre-feet of water cost $18.40 and five 

acre-feet cost $12.15 (Chapter 5), which is a saving of 

only $6.40 (cf. the Wellton-Mohawk District where a 

reduction in the amount of water applied per acre from 

twelve to five acre-feet will entail a saving of $23.00 

[Chapter 5J). Thus it is apparent that in the Yuma Mesa 

District the water cost scale is not conducive to water 

saving. 

A step toward achieving a more rational water price 

scale would be a revision of the present assessment on the 

land. The current minimum cost of $12.15 per acre which 

covers nine acre-feet of water means that each acre-foot 

of water costs $1.35. If this were changed so that the 

assessment, or fixed cost, will cover only five acre-feet 

of water at the same price, then the minimum charge would 

be $6.75 per acre. The next four acre-feet would cost 

$1.35 each, and the charges for additional water would 

remain as at present. Under such a price scale, the cost 

of water to the farmer who uses nine acre-feet of water 

will continue to be $12.15. However, for the farmer who 

installs sprinklers and uses the reco~nended five acre

feet of water per'acre, the cost of water will be only 

$6.75 per acre. Thus, these farmers will realize a saving 

in the cost of water of $5.40 per acre. Therefore, the 

additional cost of $12.24 per acre of sprinkler irrigation 



over the cost of flood irrigation (Table 9) will be de

creased by this amount: 

$12.24 - 5.40 = $6.84 
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Thus, the maximum additional cost of using sprinkler 

irrigation would be $6.84 per acre each year. However, 

this $5.40 which the farmer would not pay for water not 

purchased constitutes a loss to the district which would 

have to be compensated by an increase in the cost of water. 

Thus it would probably be preferable to revise completely 

the water rate scale and thereby establish a rational rate 

for water that would function as an instrument for achiev

ing more efficient use of water. 

As was mentioned at a meeting on water use held in 

Yuma on January 9, 1970 ("Automatic Irrigation Coming," 

1970), it is realized in the area that the present low 

cost of water will not prevail for long. Hence it may 

prove beneficial for the farmer to change his method of 

irrigation soon so that if and when higher rates come into 

effect, he can benefit immediately and not be burdened by 

the additional cost of water. 

Another incentive to the farmer to change to 

sprinkler irrigation should be the dwindling supply of 

skilled agricultural labor for irrigation which already 

constitutes a serious problem for growers in the area 

("Automatic Irrigation Coming," 1970). Changing the 
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method of irrigation will reduce the labor requirement from 

10.4 man-hours per acre for flood irrigation (Appendix G) 

to 5.0 man-hours per acre for spri~~ler irrigation 

(Appendix H). Furthermore, the type of labor needed for 

sprinkler irrigation is less skilled than that needed for. 

flood irrigation and there are more workers of this type 

available. 

Another important factor which should be realized 

by farmers in the area is that the introduction of 

sprink~er irrigation and its resultant saving in water 

would make this water available for use in developing 

additional land within the district which cannot be done 

now due to the lack of capacity in the diversion facilities 

(Chapter 8). At present only about 17,000 acres are 

irrigated in the Yuma Mesa Irrigation and Drainage District 

out of a total area of nearly 20,000 acres of land. Thus, 

additional land could be irrigated in the District within 

the capacity of the existing facilities if less water is 

used per unit area as proposed herein. 

It should be noted that the Federal Government 

will also benefit from the proposed change in the irriga-

tion system. The initial benefit will be elimination of 

the necessity for constructing and operating an elaborate 

drainage system to remove the excess water that at present 

waterlogs the valleys adjacent to the Yuma Mesa District 

and would eventually affect the mesa itself. In addition, 



the Federal Government would benefit by the reduction in 

the salt load that is discharged into the Colorado River 

(see Chapter 7) and the resultant improvement in the 

quality of the water that is delivered to Mexico. 
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Thus it may be contended that the Federal Govern-. 

ment as an interested party should participate in the cost 

of putting the new irrigation system into operation-

either by annual payment or by a single one-time payment, 

the magnitude of which could be negotiated with the 

District farmers affected on the basis of cost and return 

comparisons of the kind discussed in this study. For 

example, a payment by the Federal Government to the farmers 

of $1.53 or less per acre-foot, not for water to be left 

in the Colorado River by not diverting it but, rather, for 

water not to be returned to the river as "return flow," 

would leave the farmers no worse off than before and would 

be much less costly to the Federal Government than any 

alternative means for reducing the salinity of the Colorado 

River. 

Payment by the Federal Government in excess of 

$1.53 per acre-foot of water to overcome farmers' fear 

stemming from the risk and uncertainties of the change 

would be economic due to the much higher costs of 

alternatives to the Federal Government. Whether higher 

payments would be equitable is another matter for politics 

and the courts to decide. 
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On the other hand, there is another option open to 

the Federal Government by which it can bring about the 

proposed change without sustaining any cost. As it is 

stated in the Boulder Canyon Project Act and in the Gila 

Project Act, the Federal Government diverts the water into 

the Yuma Mesa District (and into every other district) for 

"beneficial consumptive use" only. Thirteen acre-feet of 

water applied per acre for growing citrus can hardly be 

called "beneficial consumptive use," and thus the Secretary 

of the Interior would have a basis for curtailing the 

diversion of water into the Yuma Mesa District. It is, 

however, rather difficult to define "beneficial consump

tive use," and any such ;nove by the Secretary of the 

Interior would probably involve complicated and lengthy 

litigation. The Secretary, therefore, would probably be 

rather reluctant to take this step. 

Nevertheless, the matter is sufficiently crucial 

that the Secretary of the Interior would be justified in 

this action, and it seems that the Federal Government 

should at some time be ready to force this issue. With 

continuing development of the Colorado River Basin and 

increasing scarcity of available water, this provision 

about the beneficial consumptive use of water assu~es an 

importance as a management tool which should not be 

ignored. This clause was included by the lawmakers in 

order to prevent abuse in the use of water. Therefore, 
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ignoring the potentialities of this clause seems to be an 

avoidance by the Federal Government of its responsibility 

for ensuring the efficient management of water. 

On the state level, the change to the s.prinkler 

method of irrigation will enable the State of Arizona to 

enlarge the volume of "unallocated" water available to it 

for whatever expanded uses seem most valuable to the 

state. Because the supply of such unallocated water is a 

highly valuable resoarce to the state, participation by 

the state alone, or in conjunction with the Federal Govern

ment, in any program to aid and encourage farmers by 

financial means or otherwise to reduce levels of water use 

by changing their methods of irrigation would be economic-

ally efficient. 

another matter. 

Whether it would be economic equity is 

Another tool to ensure efficiency in the use of 

water would be available to Arizona if the state will 

enact and enforce the principle of "beneficial consumptive 

use" of water. Because water is so important to the state, 

Arizona should be able to require efficient use of this 

resource. 

As has been indicated in this chapter, there are 

nQmerous alternatives for implementing change in the 

system to enhance economic efficiency in the use of 

increasingly scarce water in the immediate area of the 

Lower Colorado River and in the State of Arizona as a 
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whole. None of these alternatives is unrealistic, un

feasible, or unacceptable. Some alternatives will be more 

attractive to certain parties than others. Thus, the 

bargaining process may be set in motion so that an agree

ment can be reached whereby the end of improved economic 

efficiency can be realized with no party being worse off 

than before. 

Recommendations for Future Study 

The Lower Colorado River Basin below Imperial Dam 

is a vast agricultural area. This study covered only that 

part of the area where the problem seemed most acute. 

Nevertheless, inadequate water management is prevalent in 

other districts as well. Therefore, studies should be 

initiated of all the other districts in the area below 

Imperial Dam, and, for that matter, of all the districts 

obtaining water from the Colorado River, whether they be 

in the Upper Basin or in the Lower Basin. 

These studies should include reevaluation of the 

irrigation practices used at present. In addition, new 

methods such as trickle irrigation should be evaluated 

through extensive testing. Furthermore, new technological 

developments in the various aspects of hydrology and 

agriculture should be studied in order to determine which 

are most suitable for the area. 

Such studies can serve as the preliminary to a 

comprehensive study of the Colorado River in its entirety. 
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The objective should be to ascertain that management which 

would provide the maximum efficiency in the utilization of 

the water of the Colorado River. 

Since in all probability the dichotomous problem 

of water quality and water quantity, ,will increase with 

time, the need is great for a comprehensive study of the 

Colorado River as a single unified water system. 



APPENDIX A 

MINUTE No. 218 

(English text of Minute 218 dated 
March 22, 1965) 

INTERNATIONAL BOUNDARY AND WATER COMMISSION 
UNITED STATES AND MEXICO 

Ciudad Juarez, Chihuahua, 

March 22, 1965 

Minute No. 218 

RECOMMENDATIONS ON THE COLORADO RIVER 
SALINITY PROBLEM 

The Commission met in the offices of the Mexican 

Section in Ciudad Juarez, Chihuahua, at 12:00 m. on March 

22, 1965, to comply with instructions it has received from 

the two Governments, to consider measures "to reach a 

permanent and effective solution" of the problem of the 

salinity of the waters of the Colorado River which reach 

Mexico, as contemplated in the Presidential Communiques of 

March 16 and June 30, 1962 and February 22, 1964. 

The Commission reviewed the measures which the two 

Governments have taken to date to alleviate temporarily the 

problem of salinity of waters of the lower Colorado River, 

and noted the reduction which has occurred in the salinity 

of drainage waters from the Wellton-Mohawk Irrigation and 
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anticipated. 
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The Commission, with the scientific and engineering 

studies made by both Governments as a basis, thereupon 

adopted the following Resolution, subject to the approval 

of the two Governments, embodying the following: 

Recom::nendations: 

1. That the United States construct at its expense an 

extension to the present Wellton-Mohawk District's 

drainage conveyance channel, with capacity of 353 

cubic feet (10 cubic meters) per second, along the 

left bank of the Colorado River to a point below 

Morelos Dam, and a control structure in that 

extension of the channel in the reach between 

Morelos Dam and the mouth of the Araz Drain, which 

structure wo~ld permit the discharge of the Wellton

Mohawk District's drainage waters to the bed of the 

river at a point either above or below Morelos Dam. 

2 That the Commission permit execution of the works 

which may be required foY the extension channel to 

pass through Morelos Dam. 

3. That the extension channel and control structure 

proposed in Recommendation 1 be operated and 

maintained by the United States at its expense to 

discharge all of the Wellton-Mohawk District's 

drainage waters below Morelos Da::n, except those 
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which are discharged above the Dam on the days and 

at such rates as Mexico may request in writing. 

4. That during the life of the present Minute and 

subject to the reservations of Recommendation 11, 

the Commission account for Wellton-Mohawk District's 

drainage waters as a part of those described in the 

provisions of Article 10 of the Water Treaty of 

February 3, 1944, with the understanding: a) that 

on the days for which Mexico requests water at the 

minimum winter rate of deliveries of 900 cubic feet 

(25.5 cubic meters) per second, the United States 

control waters reaching the limitrophe section of 

the Colorado River so that without including 

Wellton-Mohawk District's drainage waters, their 

flows be not less than 800 cubic feet (22.7 cubic 

meters) per second, their average flow be not less 

than 900 cubic feet (25.5 cubic meters) per second 

for the total of such days during each winter 

period for which the minimum rate is requested, and 

that the computation of that average flow not take 

into account flows in excess of 1000 cubic feet 

(28.3 cubic meters) per second; and b) that the 

winter periods in reference extend from October 1 

of each year through' February of the next rollowing 

year. 
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5· That throughout the life of this Minute, Mexico 

schedule water at the minimum rate of deliveries 

of 900 cubic feet (25.5 cubic meters) per second, 

for the maximum practical number of days during 

each winter period, and for not less than 90 days. 

6. That the pumping of Wellton-Mohawk District's 

drainage waters which are to be delivered to Mexico 

above Morelos Dam be coordinated, insofar as 

practicable, with Mexico's scheduled deliveries of 

water at the northerly boundary in order to minimize 

the salinity of these deliveries; with the under

standing that during the period October 1 to Feb

rUary 10 the United States pump at the maximum rate 

but not to exceed 353 cubic feet (10 cubic meters) 

per second and, insofar as practicable from the more 

saline wells in the District, and also during other 

periods when the total quantity of the Wellton

Mohawk District's drainage waters is discharged 

below Morelos Dam. 

7. That the United States endeavor to conclude arrange

ments to permit discontinuance of discharge of 

waters from the canal wasteways of the Yuma County 

Water Users' Association to the bed of the Colorado 

River below Morelos Da~, and if necessary for this 

purpose, construct and operate, at the expense of 

the United States, works needed so that such waters 
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be delivered near San Luis, Arizona, and San Luis, 

Sonora; that Mexico pay for the increased cost of 

pu~ping which may be required to discharge these 

waters to Mexico at the delivery point near San 

Luis, Arizona, and San Luis, Sonora. 

8. That this Minute be in effect during a period of 

five years, beginning on the date on which the 

extension to the Wellton-Mohawk District's drainage 

conveyance channel is placed in operation; and that 

during this period the Commission review conditions 

which gave rise to the problem and in due time 

recommend whether, in keeping with the purpose 

expressed by both Governments of achieving a perma

nent and effective solution, a new Minute should be 

adopted to become effective upon termination of 

this period. 

9. That construction by the United States of works 

contemplated in this Minute be completed and the 

works be placed in operation by October 1, 1965, 

subject to the appropriation of funds by the United 

States Congress to implement this Minute. 

10. That this Minute be specifically approved by both 

Governments. 

11. That the provisions of this Minute not constitute 

any precedent, recognition, or acceptance affect~ 

ing the rights of either country, with respect to 
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the Water Treaty of February 3, 1944, and the 

general principles of law. 

The meeting then adjourned. 

(Signed) J. F. Friedkin 
Commissioner of the United States 

(Signed) Louis F. Blanchard 
Secretary of the United 

States Section 

(Signed) D. Herrera.J. 
Commissioner of Mexico 

(Signed)Fernando Rivas S. 
Secretary of the 
Mexican Section 



APPENDIX B 

THE ANNUAL COST TO THE FARMERS OF FLOOD IRRIGATION 
IN THE WELLTON-MOHAWK IRRIGATION AND DRAINAGE 

DISTRICT PER ACRE OF IRRIGATED 
LAND ON THE MESA 

Fixed Cost 

The land has already been prepared for flood irri-

gation. Thus the fixed cost is considered to be zero. 

Variable Cost 

Cost of Labor 

Halderman showed in a table published in 1960 that 

the cost of labor is inversely related to the size of the 

stream. On the mesa of the Wellton-Mohawk, water is applied 

at the rate of 14 cfs (Halderman, 1970). According to 

Halderman's table (Halderman, 1960), this rate of flow· 

requires 0.86 man-hour per acre-foot. (The table is based 

on a $1.00 per hour cost of labor; hence the table lists 

costs in dollars which are equivalent to man-hours.) 

The cost of irrigation labor is now $1.50 per hour 

(Wildermuth, Martin, and Rieck, 1969). Hence, for the 

12.1 acre-feet applied each year at present, the annual 

cost of water application is: 

0.86 x 1.50 x 12.1 = $15.60 
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Other Costs 

In addition, there are the following annual 

expenditures per irrigated acre (based on Randall and 

Kimberlin, 1964; Halderman, 1970). 

Land leveling 

Ditch and border maintenance 

Floating 

Total 

Therefore, 

$1.00 

1.50 

1.40 

$3.90 

Total Variable Cost = $15.60 + 3.90 = $19.50 

Cost of Water 

First 4 acre-feet 

6 acre-feet at $3.00 each 

2 acre-feet at $4.00 each 

Total cost of water 

$ 9·00 

18.00 

8.00 

$35.00 

Total Annual Cost = Total Annual Fixed Cost + Total 

Variable Cost + Cost of Water 

= 0 + $19.50 + 35.00 

= $54.50 



APPENDIX C 

THE ANNUAL COST TO THE FARMERS OF SPRINKLER IRRIGATION 
IN THE WELLTON-MOHA\~ IRRIGATIO~ AND DRAINAGE 

DISTRICT PER ACRE OF IRRIGATED 
LAND O~ THE MESA 

Fixed Cost 

Total initial costa 

b Salvage value 

Interest rateC 

Estimated lifea,b 

$210/acre 

20% 

15 years 

The calculations of annual fixed cost are based on the 

Annuity Tables. d 

Hence, 

a. 

b. 

Salvage value (20% of $210) = $42.00 

Capital Recovery Factord = 0.1098 

Annual Amortized Cost = $168 x 0.1098 

= $18.45 

Interest on salvage value = $42 x 0.07 

Seckler et ale (1969) 

Halderman and Frost (1968) 

Wildermuth et ale (1969) 

d. Selby (1964, p. 610) 
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Total Annual Fixed Cost = Annual Amortized Cost 

+ Interest on salvage 

value 

= $18.45 + 2.94 

= $21.39 

Variable Cost 

Cost of Labor 

Woodward (1959) reported that for operating the 

mechanical-move sprinkler system 17 minutes per acre are 

required for each irrigation. The following calculations, 

however, are based on 20 minutes per acre for each irriga

tion. 

Man-hour/irrigation 

Irrigations/yearb 

$1.50/hour 

0.33 

15 

Total annual labor cost = 1.50 x 0.33 x 15 

= $7.50 

Cost of Power 

Pressure is required to operate a sprinkler 

system, the average being 65 psi which is equivalent to 

150 feet of lift. Therefore, the water is pumped to the 

static head equivalent to the required pressure. 

a. Wildermuth et al. (1969) 

b. Woodward (1959) 



Theoretically 1.024 KWH is required to lift one 

acre-foot of water one foot if efficiency is 100% (Young 

et al., 1968). However, since pump efficiency is about 65% 

(Halderman and Frost, 1968), the power required to lift 

one acre-foot of water is actually 1.54 KWH. Thus the 

power required to lift one acre-foot of water 150 feet is: 

1.54 x 150 = 231 KWH 

The cost of power to the farmers is figured as 0.8 

cents per KWH. This is based on average costs of power in 

central Arizona (Nelson and Busch, 1967) and on the actual 

cost to the district of 0.25 cents per KWH (Wellton-Mohawk 

Irrigation and Drainage District, 1969b). 

Thus the cost of lifting one acre-foot of water 150 

feet with 65% efficiency at the rate of 0.8 cents per KWH 

is: 

231 x 0.008 = $1.85 

For sprinkler irrigation the designated amount of water to 

be applied per acre is five acre-feet. Thus, the power 

cost is $9.25. 

Total Variable Cost = Cost of Labor + Cost of Power 

= $7.50 + 9·25 

= $16.75 

Cost of Water 

The cost of water is based on the rates charged 

in the district in 1968. 



First 4 acre-feet 

1 acre-foot at $3.00 

Total cost of water 

$ 9·00 

_3. 00 

$12.00 

Total Annual Cost = Total Annual Fixed Cost 

+ Total Variable Cost 

+ Cost of Water 

= $21.39 + 16.75 + 12.00 

-·$50.14 



APPENDIX D 

LOSS OF INCOME TO THE WELLTON-MOHAWK IRRIGATION AND 
DRAINAGE DISTRICT RESULTING FROM THE INTRODUCTION 

OF SPRINKLER IRRIGATION ON THE MESA 

The flood method of irrigation currently in use on 

the mesa utilizes 12.1 acre-feet of water per irrigated 

acre; for simplicity, this figure was rounded off to 12.0 

acre-feet of water per acre. The sprinkler method of 

irrigation under consideration utilizes a maximum of five 

acre-feet of water per acre. The saving of seven acre-

feet of water per acre which woald result from the change 

to sprinkler irrigation means less income to the district 

derived from the sale of water. 

The water not sold (Appendix B) would be: 

2 acre-feet per acre at $4.00 per acre-foot 

5 acre-feet per acre at $3·00 per acre-foot 

Since there are 9,5 2 1 irrigated acres on the mesa, the 

total saving in water would be: 

2 x 9521 = 19,042 acre-feet 

5 x 9521 = 47,605 acre-feet 
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The income not accrued would amount to: 

19,042 x $4.00 = $ 76,168 

47,605 x $).00 = 142,815 

Total $218,98) 

Thus, the total income not accrued would be $218,98). 



APPENDIX E 

INCOME ACCRUED TO THE WELLTON-MOHA\~ IRRIGATION 
AND DRAINAGE DISTRICT FROM THE SALE OF POWER 

FOR SPRINKLER IRRIGATION ON THE MESA 

The district will derive income from the sale of 

power to the farmers using sprinkler irrigation. (For 

details, see Appendix C.) 

Since the gain to the district will be 0.55 cent 

per KWH (Appendix C), the total gain from the sale of 

power for the 9,521 irrigated acres of the mesa will be: 

0.0055 x 231 x 5 x 9,521 = $60,482 



APPENDIX F 

THE ANNUAL COST TO THE FAR~ERS OF TRICKLE IRRIGATION IN 
THE WELLTON-MOHAWK IRRIGATION AND DRAINAGE DISTRICT 

PER ACRE OF IRRIGATED LAND ON THE MESA 

Fixed Costa 

a Irrigation system 

a 
Pumping plant 

Total 

Salvage value 

b 
Interest rate 

Estimated lifea 

$J95/acre 

25/acre 

$420/acre 

unknown, assumed 0 

15 years 

The annual fixed cost calculations are based on the 

c 
Annuity Tables. 

Capital Recovery Factor C = 0.1098 

Annual Amortized Cost = $420 x 0.1098 

= $46.12 

Since the salvage value is assumed to be zero, 

a. 

b. 

c. 

Total Annual Fixed Cost = Annual Amortized Cost 

= $46.12 

Business Dynamics, Inc. (1970) 

Wildermuth et ale (1969) 

Selby (1964, p. 610) 
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Variable Cost 

Cost of Labor 

$).00 (Business Dynamics, Inc., 1970) 

Cost of Power 

Added power is required to maintain the water 

pressure in the pipe. This is assumed to be the same 

pressure as is required for sprinklers, namely, 65 psi or 

a static head of 150 feet. The cost is therefore $1.85 per 

acre-foot (Appendix C). 

Since with trickle irrigation, four acre-feet is 

the designated amount of water to be applied to each acre, 

the cost of power is $7.qO. 

Total Variable Cost = Cost of Labor + Cost of Power 

= $).00 + 7.QO 

= $lO.QO 

Cost of Water (Q acre-feet) 

Minimum charge 

Total Annual Cost = Total Annual Fixed Cost 

+ Total Variable Cost 

+ Cost of Water 

= $Q6.12 + 10.QO + 9.00 

= $65.52 



APPENDIX G 

THE ANNUAL COST TO THE FARMERS OF FLOOD IRRIGATION IN 
THE YUMA MESA IRRIGATION AND DRAINAGE DISTRICT 

PER ACRE OF IRRIGATED LAND 

Fixed Cost 

Total Annual Fixed Cost (Appendix B) = 0 

Variable Cost 

Cost OI Labor 

The rate of water applicatio~ in the Yuma Mesa 

District is about 15 cfs (Halderman, 1970). According to 

Halderman's table (see Appendix B), this rate of flow 

requires 0.80 man-hour per acre-foot (Halderman, 1960). 

Since the cost of irrigation labor is now $1.50 per man-

hour (Wildermuth et al., 1969) and since 13.0 acre-feet of 

water are applied each year, the ann~al cost of water 

application is: 

0.80 x 1.50 x 13.0 = $15.60 

Other Costs 

In addition, there are the following annual 

expenditures per irrigated acre (based on Randall and 

Kimberlin, 1964; Halderman, 1970). 
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Land leveling 

Ditch & border maintenance 

Floating 

Total 

Therefore, 

$1.00 

1.50 

1.40 

$3.90 

Total Variable Cost = $15.60 + 3.90 

= $19.50 

Cost of Water (13 acre-feet) 

First 9 acre-feet 

4 acre-feet at $1.60 each 

Total Cost of Water 

$12.15 

6.40 

$18.55 

Total Annual Cost = Total Annual Fixed Cost 

+ Total Variable Cost 

+ Cost of Water 

= 0 + $19.50 + 18.55 

= $38.05 
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APPENDIX H 

THE ANNUAL COST TO THE FARMERS OF SPRINKLER IRRIGATION 
IN THE YUMA MESA IRRIGATION AND DRAINAGE DISTRICT 

PER ACRE OF IRRIGATED LAND 

Fixed Cost 

Total initial costa 

b Salvage value 

c Interest rate 

Estimated lifea,b 

$210/acre 

20% 

15 years 

For the computations of the annual fixed cost, see 

Appendix C. 

a. 

b. 

c. 

Total Annual Fixed Cost = $21.39 

Variable Cost 

Cost of Labor (Appendix C) $ 7.50 

Cost of Power (Appendix C) 9·25 

Total Variable Cost $16.75 

Cost of Water (5 acre-feet) 

Minimum charge $12.15 

Seckler et ale (1969) 

Halderman and Frost (1968) 

Wildermuth et ale (1969) 
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Total Annual Cost = Total Annual Fixed Cost 

+ Total Variable Cost 

+ Cost of Water 

= $21.39 + 16.75 + 12.15 

= $50.29 



APPENDIX I 

THE ANNUAL COST TO THE FARMERS OF TRICKLE IRRIGATION 
IN THE YUMA MESA IRRIGATION AND DRAINAGE 

DISTRICT PER ACRE OF IRRIGATED LAND 

Fixed Cost 

a Irrigation System 

a Pumping plant 

Total 

Salvage value 

b Interest rate 

Estimated life 

$395/acre 

25/acre 

$it20/acre 

unknown, assumed 0 

15 years 

For the computations of the annual fixed cost, see 

Appendix F. 

Total Annual Fixed Cost $it6.12 

Variable Cost 

Total Variable Cost (Appendix F) $lO.itO 

Cost of Water (it acre-feet) 

Minimum charge $12.15 

a. Business Dynamics, Inc. (1970) 

b. Wildermuth et al. (1969) 
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Total Annual Cost = Total Annual Fixed Cost 

+ Total Variable Cost 

+ Cost of Water 

= $46.12 + 10.40 + 12.15 

= $68.67 
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APPENDIX J 

CALCULATION OF THE CHANGE IN SALINITY OF THE COLORADO 
RIVER WATER AT MOREL OS DAM ON THE BASIS 

OF DATA FOR JUNE 1968 

The Existing Conditions 

The measured flow for June 1968 was: 

Colorado Rivera 96,261 acre-feet 

Wellton-Mohawk Drain Cana1 a 16,630 acre-feet 

More1os Dam a 112,891 acre-feet 

The June 1968 mean of the measured salt concentra-

tion was: 

Colorado River b 

Wellton-Mohawk Drain Cana1 a 

More1os Dam a 

811 ppm 

3950 ppm 

1269 ppm 

Calculation of the theoretical composite salt 

concentration at More1os Dam: 

(96,261 x 811) + (16,630 x 3950) = 1 4 3,756 ,171 

143,7561171 = 1273 ppm 
112,891 

The theoretical increase in salinity between 

Imperial Dam and More1os Dam is: 

1273 - 811 = 462 ppm 

a. From data of the Bureau of Reclamation (United 
States Bureau of Reclamation, 1968) 

b. United States Geological Survey (1970) 
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The Conditions Under the Proposed Changes 

The flow of drain water will be decreased by 30.7% 

which is the percentage of decrease in diverted water 

resulting from the change in irrigation practices: 

67,700 
219,760 = 

Thus the amount of drain water will decrease to: 

16,630 x 0.693 = 11,525 acre-feet 

The difference of 16,630 - 11,525 = 5,105 acre-feet 

will flow down the river and thus increase the flow of the 

river to: 

96,261 + 5,105 = 101,366 acre-feet 

Therefore the composite salt concentration at 

Morelos Dam will be: 

(101,366 x 811) + (11,5 2 5 x 3950) = 127,731,576 

127,731,576 = 1131 ppm 
112,891 

Thus the increase in salinity between Imperial Dam 

and Morelos Dam will be: 

1131 - 811 = 320 ppm 

Thus the increase in salinity will be lessened by: 

462 - 320 = 142 ppm 

which is 30.7% (142 + 462) of the present increment in 

s~linity between Imperial Dam and Morelos Dam. 



APPENDIX K 

THE COST OF EXTENDING THE MAIN OUTLET DRAIN 
EXTENSION TO THE GULF OF CALIFORNIA 

The construction of the Main Outlet Drain Extension 

to the Wellton-Mohawk Drain Canal cost about $5,213,000. 

The structure includes twelve miles of concrete-lined 

drainage canal and one-half mile of metal flume supported 

by timber piling (United States Bureau of Reclamation, 

1970). 

The projected extension to the Gulf of California 

would be about eighty miles in length. On the basis of 

the above figure, assuming that the cost would be the same 

as that for M.O.D.E., the cost of construction of the new 

extension would be: 

5,213,000 x 80 
12.5 
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$33,363,200 



APPENDIX L 

CALCULATION OF THE COST OF PARTIAL DESALTING 
OF THE WELLTON-MOHAWK DRAIN CANAL WATER 

The drain water in the Wellton-Mohawk Drain Canal 

could be desalted in order to reduce its salt concentration 

to that level whereby the mixed waters from the Colorado 

River and from the drain canal would have a mean salinity 

of 1131 ppm at Morelos Dam, that is, the same quality as 

would be attained by the change in irrigation method (see 

Appendix J). 

The cost of this undertaking, when calculated for 

the month of June 1968, that month which served as the 

basis for the calculations in Appendix J, would be as 

follows. 

The measured flow for June 1968 was: 

Colorado Rivera 

Wellton-Mohawk Drain Canal a 

Morelos Dama 

96,261 acre-feet 

16,630 acre-feet 

112,891 acre-feet 

The June 1968 mean of the measured salt concentra-

tion was: 

C R " b olorado lver 811 ppm 

Wellton-Mohawk Drain Canal a 3950 ppm 

a. From data of the Bureau of Reclamation (United 
States Bureau of Reclamation, 1968) 

"b. United States Geological Survey (1970) 
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In order to attain a salt concentration of 1131 ppm 

at Morelos Dam, the salinity of the improved drain canal 

water (S) must be: 

(96,261 x 811) + (16,630 x S) (112,891 x 1131) 

S = 2983 ppm 

The desalination process considered for this 

project, namely, Multistage Flash Distillation, produces 

water with a salt concentration of 25 ppm. Therefore, 

the volume of desalted water (V) needed for mixing with 

each unit of drain water would be: 

(3950 x 1) + (25 x V) = 2983 (1 + V) 

V = 0.33 

Hence, for each unit of drain water, 0.33 unit of desalted 

water must be added to give a salt concentration of 2983 

ppm. 

On the basis of a cost of $195 per acre-foot of 

desalted water (MacAvoy and Peterson, 1969), the cost of 

0.33 acre-foot would be $65. Since the mixing of desalted 

water with drain water would yield 1.33 acre-feet of water 

of the desired quality at the cost of $65, the cost of each 

acre-foot of improved drain canal water would be: 

65 = $48.87 
1·33 

Thus, each acre-foot of improved drain canal water would 

cost about $49. 



Thus, the cost of improved drain canal water for 

the "month of June 1968 per acre of irrigated land on the 

mesa would be: 

48.87 x 16,630 8 = $ 5·35 9,521 

Theoretically, then, for the year of 1968 the cost per 

acre would be: 

48.87~ 219,760 = $1128.00 
9,521 
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