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PREFACE

On January 8, 1913, the author presented a paper : "Irrigation and River

Control in the Colorado River Delta," before the American Society of Civil

Engineers. For several months therearer the monthly Proceedings of the

Society contained discussions and criticisms by engineers and others from all

parts of the country. The paper and discussions were reprinted in the

Society's Transactions (Vol. LXXVI, pp. 1204-1571). They together consti

tute the most exhaustive and accurate account and recent history of the

Imperial Valley and the Salton Sea, which has appeared or probably will be

published for many years to come.

Copies of the paper were sent to all of those still living who had taken any

important part in the engineering, financial and development sides of the

Colorado Desert and Yuma Valley reclamations, and to all of those who

probably might have had p.culiar opportunities to know the real facts of the

various important events, requesting comments and criticisms. Expressions

of regret that the paper had appeared in a publication which is practically

unavailable to the general public were so general it was finally decided to

order a few hundred reprints and bind them together with some additional

matter of scientific but popular interest concerning the region. In this way

the present volume resulted.

Part I, by the distinguished geologist, Prof. Wm. P. Blake, is of exceptional

interest. Dr. Blake was the first to examine and describe the Colorado

Desert in a scientific way. He was the Geologist of Lieut. Williamson's

party of United States Topographic Engineers which surveyed and reported

upon the southern route for a transcontinental railroad in 1853. Dr. Blake

died May 22, 1910, at the age of 83 years, mourned by a host of scientific and

personal friends in Europe and in this country, extending from New Haven,

Conn., to the Pacific Coast, who loved him for his charming personality as

much as they admired his profound learning and ability. While Emeritus

Professor of Geology in the University of Arizona he very kindly consented

to help the author in preparing an elaborate paper on irrigation and river

control upon the Lower Colorado, and in the latter part of 1908 wrote the
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interesting and delightful monograph here given. Much of this manuscript

was, however, considered peculiarly suitable for use in the volume of scientific

monographs on the Salton Basin being compiled under the direction of

Dr. D. T. MacDougal for the Carnegie Institution of Washington, D. C.

Some of the material was omitted from that volume because of sections by

other writers which treated various interesting phases in more detail.

Through Dr. MacDougal's kindness it is possible to use Dr. Blake's paper

which is here given in the original and complete form as revised by Dr.

Blake shortly before his death.

Through the kindness of Dr. MacDougal and the several authors who

collaborated with him in the volume on the Salton Basin it is possible to

present the interesting abstracts which constitute Part II.

Part III is a general description of the entire Colorado River Watershed

compiled by the author chiefly from data contained in Government publica

tions.

Part IV is the author's paper: "Irrigation and River Control in the

Colorado River Delta," with discussions, as it finally appears in the Trans

actions of the American Society of Civil Engineers.

Part V is a statement of the developments in the region from September,

1913, to July, 1915.

H. T. CORY.

San Francisco, Cal., July 31, 1915.
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PART I.

SKETCH

OF THE REGION AT THE HEAD OF THE

GULF OF CALIFORNIA

A REVIEW AND HISTORY

DR. WILLIAM P. BLAKE

P.ofessor of Geology (Emeritus),

University of Arizona



I. THE GULF OF CALIFORNIA.

The great Gulf of California into which the Colorado of the west has

poured its abundant floods laden with sediment and built up a broad and

fertile delta, is one of the most remarkable of the physical features of North

America, interesting alike for its form, extent, geologic history, and climatic

and other phenomena analogous to those of the Red Sea of Asia. It is

especially interesting in its relations to the Colorado River—the Nile of

America—and to the history of the progress of the early explorations and

discovery on this continent.

Since the days of Cortez and Montezuma, it has been a fascinating region

for exploration; and has been known at different times as the "Sea of

Cortez," the "Vermillion Sea," and the "Sea of California."

It occupies the long trough-like valley, on the western coast of Mexico,

extending over nearly ten degrees of latitude, or 800 miles, from the parallel,

22 degrees to 32 degrees. It separates the mountainous peninsula of Lower

California from the Sierra Madre of Mexico.

Progress of Discovery.

The Gulf of California and its shores were the scenes of many of the

earliest efforts at discovery and colonization after the conquest of Mexico

by Cortez.

In 1539, Cortez sent an expedition with three vessels under the command

of Francisco De Ulloa, up the gulf from Acapulco. The gulf was then

supp.sed to be a long strait, leading to the North Sea, and the peninsula of

Lower California was supposed to be an island. Ulloa found his passage

northward barred by the deposits of a great river, but he returned without

exploring it.

In 1540 Fernando Alarcon was sent up the gulf by Viceroy Mendoza,

with instructions to explore the river and to unite with the land exploration

under Coronado, who started April 22, 1540, from Culiacan overland to reach

the Seven Cities of Cibola, described by the Friar Mances de Noza. It

appears that Alarcon left his vessel at the mouth of the Colorado, which he

ascended by boat for 16 days. Returning to his vessel, he left letters for the

explorer Diaz at the foot of a large cross estimated to be 15 leagues from
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the mouth of the river. Diaz is supposed to have ascended the river and to

have been the first white man to walk upon the Colorado Desert.

According to the historian Venegas, Father Consag made a survey of the

gulf in 1746. Sailing in small boats along the western side of the gulf, he

reached the mouth of the Colorado and described the land about it as low,

marshy and red, so sor that it would not support the men when they stepped

upon if.

The history of these early explorations is graphically told by G. Wharton

James in Chapter VII of the first volume of his book on the California

Desert.* He relates that the first Christian known to have crossed the entire

length of the desert from the San Gabriel Mission, in California, by the pass

of San Gorgonio was one Sebastian, a converted Indian, who had fled from

the mission. He reached Tubac and arerwards became connected with

Captain Juan Bautista de Anza as a guide. They in company with the Padres

Forst and Garces started across the desert in January, 1774. Palma, a chief

of the Yumas, is said to have accompanied them across the river to a lagoon

in the southwest which was formed by the river in time of floods. Anza is

said to have wandered in the region for six days and to have then returned

to the lagoon for a fresh start, under Palma's direction. Mr. James thinks

that the party under the guidance of Palma finally traversed the desert

northwesterly and crossed the mountains at the pass of San Gorgonio which

they named "Puerto de San Carlos."

This is the first record or mention seen by the writer of any transit of

the pass by either Indian or Spanish explorers. Doubtless the pass has long

been known to the Indians as a short route across the mountains, but at the

time of the transit of the pass by Lieut. Parke, second in command of the

Williamson expedition, and the writer as zoologist, in 1853, nothing was

known of it in the literature of exploration of the Western Coast and no trail,

road or indication of trail could be seen. It was an unknown pass in an

unknown region, leading into a dreaded desert.

Although well acquainted with Don Juan Warner, and conversing fre

quently with him in 1853-54 about the desert, he did not mention this pass

or any route through that portion of the desert to the northwest.

The early (Jesuits) fathers entered upon the peninsula in 1697, estab

lishing missions and building churches. On their visits northward to the

missions of Alta California, and in connection with the military expeditions

of exploration and occupation, followed the coast of the gulf as nearly as

*"The Wonders of th. Colorado Desert." George Wharton James. 2 vols.

Little, Brown & Co., Boston, 1906.
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possible on their way from Culiacan on the gulf. They crossed the Colorado

below the mouth of the Gila and made their way across the desert to the

mountains at the warm springs arerward occupied by Warner on the way

to San Diego, or to Los Angeles. The main road in Sonora from Altar

passed through the mining town now known as El Plomo, and the route is

still known there as the "Camino Real."

Cartography.

The progress of discovery and knowledge of the region of the gulf is

well illustrated by the maps published at different dates.

Up to the time of the completion of the explorations of Ulloa and of

Alargon the gulf, or Vermillion Sea, was regarded as a long strait, extending

nearly to the parallel 50° North latitude. The peninsula of Lower California,

and indeed all Upper California, named New Albion by Sir Francis Drake in

1577, was supposed to be an island separated from New Granada, now New

Mexico, by this strait or gulf, by some then regarded as the mythical Strait

of Arrian separating from the main land the equally mythical island of gold,

pearls and Amazons, called California in an ancient Spanish romance* from

Califa, the queen of the Amazons. This belief had taken such a strong hold

upon the imagination of map-makers and the stay-at-home geographers that,

% notwithstanding the result of the explorations of Ulloa and Alargon, maps

published in England as late as 1721 perpetuated the error. But Father

Kino, the intrepid, intelligent and faithful Jesuit explorer, and his associates

had already solved the problem and had shown upon Father Kino's map,

dated about 1700,t that California was a peninsula, and that the deposits of

the Colorado River, formed the head of the gulf.

The map of Petro Font, Tabutama 1777, shows the head of the gulf as

reaching irregularly far inland ; and may be regarded as rudely representing

the region of the Hardy's Colorado and the Pattie Basin.

An English map by Burg contemporaneous with Father Kino's shows

California as an island, and in a New General Atlas of the World, published

in 1721, it is similarly represented. J

*"Las Sergas de Esplandian." Th. first .dioon was published in th. y.ar
1510. Blackmar, "Spanish Insotuoons of th. Southwest," Johns Hopkins Pr.ss,
Balomor., 1891, p. 91.

fFather Kino's map, 1698-1702, gen.rally known as the "J.suit's Map"—
"Tabula Califotniae, Anno 1772 Ex Autopica—observaoon. delin.ata a R. P.
Chinoe S. J." gives a very full r.presentaoon of "Californiae Pars," of Sonora

and the P.ninsula.

f'A N.w Map of Am.rica from the latest observaoons, revised by John
S.n.x." A .opy of this map may b. found in th. Lenox Library and is r.pro
duced on a small.r scal. on A. W. North's "Mother of California," Eld.r, San

Francisco, 1908, p. 29.
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An excuse for the early erroneous view of California as an island may

be found in the fact that topographically the valley of the gulf does not end

at the mouth of the Colorado but continues as a low open country, a part of

it below the sea-level, for some 200 miles beyond toward the western coast,

covering the region now known as the Delta, the Imperial, Coachella and

Cahuilla Valleys, in part, for the present, submerged by the Salton Sea.

Routes Across the Desert.

The desert or valley region between the Colorado at the mouth of the

Gila, and the peninsula mountains and Warner's Valley, up to the middle of

the last century, was a much dreaded 90-mile joumada without water or shade

from the burning sun. It was usually traveled in haste and generally at

night, to escape the heat; and little time was given to the study of its

phenomena. As a rule it was a race for life, from the time of leaving the

waters of the Colorado to 'the first water in Carrizo Creek, San Filipe or

Vallecitos. To the greater number of travelers, there was nothing to note

but a seemingly endless plain of desert and burning sands.

When gold was discovered upon the American River in Upper California,

the report reaching the mining population of Sonora, caused a great exodus

of Sonoranian miners to the New Eldorado. They generally took the ancient

road northward from Altar to the crossing of the Colorado at the mouth of *

the Gila, and thence over the desert.

Lt.-Col. W. H. Emory crossed the desert in 1846, by the old trail between

the mouth of the Gila and San Diego. Some captured Mexicans failing to

find water at the Alamo, stated that a league to the west they had found a

running stream, but Col. Emory, who sent out parties to search for it, did not

find it. He described a basin of a salt lake as three-quarters of a mile long

and half a mile wide, in which the water had receded to a pool.* He noted

the occurrence of shells on the 90-mile desert. Capt. A. R. Johnson, who

accompanied Col. Emory, and was killed in action at the battle of San

Pasquale December 6, 1846, was probably the first to recognize that the

desert area was once covered by water, for he writes :

"At a no distant day, this place which is now a dry desert, was once a

permanent lake." t

He noted also the occurrence of shells.

But neither of these explorers noted that the surface of the desert was

below the level of the sea.

*Report Military Re.onnaissance. Govt. Print, Washington, 1848.
tReport of War Department, Exe.uov. Do.um.nt No. 41, p. 611.
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The much later explorations of the Lower Colorado and the head of the

gulf by Ives, Dewey and others are well known. The explorers, however,

did not reach the interior desert region.

Pacific Railroad. Explorations.

The year 1853 was a most notable one in the history of explorations of

United States territory west of the Mississippi River. In that year under the

administration of President Pierce with Jefferson Davis as Secretary of

War, four fully equipped expeditions authorized by Congress, were sent out

to explore the almost unknown country lying between the Mississippi River

and the Pacific Ocean, to look for and determine a practicable route for a

railway.

Our knowledge of the country at that date may be summarized as follows :

Aside from the early explorations in the northwest, Fremont, in his daring

overland explorations, had made us acquainted with the obstacles and perils

of a route across the Sierra Nevada ; Stansbury had told us of the Great Salt

Lake ; Sitgraves had crossed Arizona south of the Grand Canyon, entering

what is now California, near the mouth of Bill Williams Fork ; and Emory

had made a rapid military reconnoissance of the route from Fort Leaven

worth, Mo., to San Diego, in California.

To one of the expeditions of 1853, was assigned the duty of following the

Sierra Nevada of California southward, to seek for any suitable pass through

which a railway might be built from the Missouri River to the Pacific Ocean.

This survey was placed in charge of Lieut. R. S. Williamson, of the U. S.

Topographical Engineers, with Lieut. J. G. Parks, second in command. The

writer was geologist, attached to this party, and while acting in this capacity

made the first geological examination of the Colorado Desert. Walker's

Pass, much vaunted at the time as the best and only practicable pass in the

Sierra Nevada was the first objective point. It was most favored by Senator

Gwin of California (known also as "Duke" Gwin), who had personally

taken the field and journeyed as far south as the Tejon; and could see from

its summit a favorable route across the Great Basin westward. Surveys

were made by the Williamson expedition, of Walker's Pass, the Taheechapah

(the orthography of which has been corrupted to Tehachipi), Tejon, Canada

de las Uvas, the passes north of Los Angeles, and the Cajon from the Mojave

to San Bernardino, without finding any pass that offered an especially

favorable and easy route or inviting grades.
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San Gorgonio Pass.

Imagine, then, the enthusiasm with which the unknown great break in

the mountain range between San Bernardino and San Jacinto was approached

by the members of the party as we made our, way eastward from the region,

then practically unoccupied but now known as Colton and Redlands, and

found an easy grade and open country for our train of wagons to the summit,

only 2580 feet above the sea. Here, at last, was discovered the greatest break

through the western Cordillera, leading from the slopes of Los Angeles and

the Pacific into the interior wilderness. It had no place upon the maps, and

had not been traversed by surveying parties or wagons. From the summit

we could look eastward and southward into a deep and apparently inter

minable valley stretching off in the direction of the Gulf of California. This

pass was evidently the true gateway from the interior to the Pacific Ocean.

The discovery of this practicable and easy railroad route, determined the

construction of a southern railroad ; and made it necessary to acquire from

Mexico the strip of country in Southern Arizona, since known as the

"Gadsden Purchase."

We descended with eagerness into this great unknown valley, carefully

reading the barometer at regular distances to ascertain the grade. Pro

ceeding without obstacles, but without any trace of a road and following

the dry bed of a stream, now known as the Whitewater, we reached the bed

of a former lake, and found it to be below the level of the sea.

The value of this pass as a great natural gateway through the mountains

from the ocean to the interior, is emphasized by the magnificence of the

mountain masses rising, like sentinels, on the north and on the south.

These are San Bernardino, over 11,000 feet, and snow-capped for the greater

part of the year; and San Jacinto, the sharp peak on the south with the

rugged sides and similar elevation, which forms the northern end of the

peninsula range.

This San Gorgonio Pass is the only great break directly through the

mountains from Cape St. Lucas to the Golden Gate; and like the Golden

Gate, it is a great draught-channel for the in-rush of ocean winds to supply

the uprising heated air of the interior deserts.

Topographically, this valley into which we descended is the northwestern

extension, prolongation, or head, of the Gulf of California.
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Outline of Geologic History.

That this valley was formerly occupied by sea-water is shown by the reefs

of fossil oysters and other marine shells. As these fossils are now above

tide-level, it is evident that there has been a considerable uplir of the whole

region, and a change from marine to fresh water conditions.

Such no doubt were the conditions in Middle Tertiary times. The waves

of the gulf then washed the slopes of the San Jacinto and San Bernardino

where we now find arid mountains and desert plains.

The silt of the Colorado was distributed far and wide in the interior sea,

only partially cut off from the broad Pacific by a chain of islands which now

form the crest of the peninsula mountains from San Jacinto to Cape St.

Louis.

Further north on the west coast of the United States we have another

great longitudinal valley separating the Coast Ranges of California from

the Sierra Nevada. The two great valleys are similar in many respects ;

they both receive the drainage of the larger rivers of the interior and protect

the deltas of their rivers from the direct destructive or modifying action of

the sea. In the Gulf of California we find the delta of the Colorado, and in

the California Valley the deltas of the San Joaquin and of the Sacramento

rivers. The California Valley is nearly at the sea level. The sea has been

displaced by alluvium. A depression of the western coast of less than 1000

feet would flood the valley with sea-water through the Golden Gate from

the Tejon to Shasta. A similar, or even less depression of the Lower Cali

fornia Region would carry the tides of the gulf far north of Yuma and flood

the valley for 200 miles northwest of the present head of the gulf. A

depression of 2580 feet would connect the waters of the Pacific and the gulf

at the Pass of San Gorgonio, where the trains of the Southern Pacific Rail

way cross the divide, and would make an island of the Peninsula of Lower

California.

As the land gradually rose from the waves, beds of oyster shells and of

other forms of marine life came into view and may be seen today a thousand

feet above the valley on the sides of the San Jacinto Mountains. Such

evidence of the former marine occupation of the valley are particularly

strong and convincing along the eastern base of the peninsula mountains

where marine fossils of the Tertiary period are numerous, especially in the

stratified formation along Carrizo Creek. Many of these fossil shells were

observed in 1853, but have since been described more in detail by other

explorers, notably by Dr. E. C. Stearns of California.
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Dr. Stephen Bowers, who describes many of the localities, writes of the

region generally as follows :*

"The water of the old Tertiary Sea, which once prevailed here, must

have been extremely favorable to the propagation and growth of mollusks,

especially oysters. Arer the vast erosion that has taken place, there are many

square miles of fossil beds, especially of oyster-shells, which, in places, are

200 feet thick and may extend downward to a much greater depth. The

oysters existed not only in vast numbers, but in many varieties from the

small shell which is in evidence over so much of the territory, to varieties

nearly a foot long and to others weighing several pounds each. One variety

is nearly as round and as large as a dinner plate."

Fossil oyster shells are perhaps more abundant in the Coyote Wells dis

trict, about seven miles north of the International Boundary Line and about

375 feet above the level of the sea. Other deposits of marine shells, including

shark's teeth, pectens, and univalves, are reported from one of the branches

of Carrizo Creek.

But the occupation of the valley by sea-water, while comparatively recent,

geologically, has extreme antiquity and long antedates human history, dating

back to the Middle Tertiary. The continental elevation which followed

culminated in the Pleistocene, or Glacial Period, when the precipitation of

rain and snow are believed to have attained their maximum. At that time

the Colorado of the west had its greatest volume and transporting power.

Its silt was distributed far and wide in the interior sea, then only partially

cut off from the broad Pacific by a chain of islands which now form the

crest of the peninsula mountains from San Jacinto to Cape St. Lucas. Enter

ing the gulf just below where the mouth of the Gila River now is, it began

dropping its load of debris and silt, forming the raised delta which gradually

extended westward and southerly across the upper end of the gulf toward the

Cocopah Mountains, and finally to the higher ridges beyond the Pattie

Basin—even to the eastern base of the peninsula mountains. Aided by the

gradual elevation of the land and by the tides of the gulf, the building up of

the delta proceeded rapidly. It assumed the nature of a great dam or levee

stretching across the gulf and diverting the river water through shiring

channels to one side or the other, first to the lower part leading to the gulf

and then to the upper end of the depressed area shut off from the tides.

At certain seasons the tides rise to a great height at the head of the gulf

and are accompanied by dangerous bores. Such tides rushing up the mouth

of the Colorado have ever been important factors in the formation of the

*"R..onnaissance of th. Colorado D.sert Mining Distri.t." Stephen Bow.rs,

Ph. D. Sacramento, Cal., 1907.
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Delta. Ordinary tides rise 15 feet and in extraordinary cases 37 feet.*

According to the U. S. Geological Survey the tidal range is from 14 to 32

feet.

II. DELTA OF THE COLORADO.

Up to the year 1853, and even later, the delta of the Colorado was a

comparatively unknown land. The wanderings of the river below the mouth

of the Gila had scarcely been followed and recorded. A few daring adven

turers had floated down the stream with the current between the low banks

overgrown by willows and cottonwoods, but had not returned to tell of their

adventures or of the nature of the country. There had also been some

freighting by steam boats from Yuma to the head of the gulf. We now

realize that the delta has immense value for agriculture and settlement.

Extent.

This broad region lies approximately between the parallels 32° and 33°

N. and the meridian 114° 30' and 115°. It is partly north of the International

Boundary Line between the United States and Mexico, and in larger part,

south of the line. Its area, including the Pattie Basin and the Cocopah

Mountains, is approximately 6000 square miles. It practically extends from

the mouth of the Gila River at Yuma westward to the rocky walls of the

peninsula mountains, and south to the tide water of the gulf, while on the

north It blends with the depressed area below the sea level, from which the

ocean has been cut off by the deposits of the stream. The gravelly, sandy

slopes of the mountains of Sonora, Mexico, form its boundary on the east.

Its general deltoid form is shown upon the map (Fig. 4, on page 1219), which

represents the course of the main stream and the principal branches, sloughs

and channels. The river formerly flowed in a much more direct channel than

now from the mouth of the Gila southward to the gulf, traces of which

remain and are shown as a chain of shallow lakes, which fill at high water.

This old channel lies east of the sandy mesa and connects with two sloughs

at the head of the gulf—the Santa Clara Slough and the Shipyard Slough.

The principal channels are the Alamo, New River, Paredones, Pcscadero,

Abejas and Santa Clara. Some of these channels are filled with water only

at times of high water or flood in the Colorado. A continuation of Hardy's

Colorado and New River, so named from its unexpected appearance flowing

into the desert in the year 1849, takes its rise in Volcano Lake, at the northern

*R.port upon the Colorado Riv.r of th. W.st, .xplored In 1857 and 1858 by
Li.ut. J. C. Ives. S.n. Do.. 36th Cong., 1st S.ss., Washington, 1861, p. 28.
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base of the Cocopah Mountains and flows northwestward to the depressed

area, the Salton Sink, north of the boundary line, passing by the towns of

Mexicali and Calexico. Volcano Lake receives its supply at high water

from the Hardy overbank flow which collects in the Paredones and Pesca-

dero channels.

The delta has a great northwestern extension from Mexicali and Calexico

on the Boundary Line and properly includes the great Cahuilla Valley in San

Diego County and the Colorado Desert, now partly submerged in Salton Sea.

The Cocopah Mountains, extending in a northwest and southwest direc

tion, rise island-like in the midst of the lower portion of the delta and divide

it into two parts south of the International Boundary. There is thus a

second and approximately parallel valley on the southwestern side of the

Cocopahs in which there are low and partly submerged lands and saline

lakes. This last is a comparatively unknown region and has not been sur

veyed, but it is properly a part of the Colorado Delta supplied with water

in seasons of flood.

The Lower Delta—Modern Explorations.

Our knowledge of the extent and form of the lower part of the Colorado

Delta, especially of the region west of the Cocopah Mountains, has of late

years been greatly increased through the explorations of Messrs. Sykes,

MacDougal and others.

Mr. Isaac E. James, Civil Engineer and Surveyor (better known to the

pioneers of the Comstock Lode in Nevada in the Sixties and to those also, of

Tombstone, Ariz., in 1882, as "Ike James"), when active operations ceased

at Tombstone about 1884, became interested in the topography of the Lower

Colorado and gave the writer some manuscript data, from which the follow

ing are taken :

A branch from the main stream of the Colorado enters Lake Chapman

.(apparently same as Volcano Lake) from which the water flows into the

New River or into the Hardy's Colorado. A broad area of land was found

opposite Montague's Island extending over 20 miles on a dead level 11 feet

above tide, but at times overflowed. The volcanic cone now known as Cerro

Prieto, was called Mt. Purdy, and the mouth of New River was reported

south of it. The water entered by a number of channels and formed a lake

10 to 15 miles long. When the lake is full, it overflows the 37-foot summit,

separating the lake from the tide water through the New River.

Mr. Godfry Sykes, Civil Engineer, published a map of the Delta of the

Colorado in 1905 and again in 1906, in connection with the paper on the
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Delta of the Rio Colorado, contributed by Dr. Daniel Trembly MacDougal to

the New Botanical Garden. This map exhibits the principal streams and

channels south of the International Boundary Line, the Cocopah Mountains,

and the Basin of the Laguna Maquata.

Messrs. Sykes and MacLean, in the year 1890, planned an expedition

around the world in a small sloop, from the head of the delta, but their boat

was destroyed by fire on the eastern coast of Lower California and the voyage

was abandoned. A march of some three hundred miles through the desert

region was successfully made, the explorers living on oysters from the gulf

shores and the water from hot salt springs.

The region of the lower delta and the Cocopah Mountains was visited by

Dr. D, T. MacDougal and party of the Carnegie Institute, Division of

Botanical Research, in 1907. Dr. MacDougal writes :*

"The information obtained by our various examinations of the region

shows that the area to be included in the delta is much more extensive than

ordinarily supposed. In addition to the alluvial lands near and below Yuma,

extending to the mouth of the river, the triangular tract subject to overflow

east of the mouth, including the channel of the Santa Clara Slough and ex

tending as far south in Sonora as 31° 45' N., is an integral part of the land

made by the river. The Salton Basin, curving around from below the mouth

of the Hardy up to near the International Boundary, and also the alluvial

plain on the western shore of the gulf as far south as 31° 15' N., are to be

included.

"This plain has not previously been considered as a portion of the Delta,

but it is made up of river deposits, is traversed by flood channels which

leave the Hardy, near its junction with the Colorado, and much of the surface

bears drir brought down from the upper course of the river."

The Pattie Basin.

As one of the results of these explorations in 1906-1907, the extended

region west of the Cocopah Mountains was made better known. In a com

munication by Dr. MacDougal to the American Geographical Societyt we

read :

"A second depressed basin formerly connected with the gulf, lies to the

south of the Salton across the International Boundary Line between the

Cocopah Mountains and the main ranges of the Peninsula of California. But

little systematic information upon it may be found, although an intermittent

Salt Lake in it has long been known under the name of 'Laguna Maquata.' "

It is shown by Dr. MacDougal that this basin is an ancient arm of the

gulf from which it has recently been cut off, and that it now, like the Salton,

*"The Desert Basins of th. Colorado Delta," by D. T. Ma.Dougal, In th.
Bui. Am.r. Geog. Soc, vol. 39, No. 12, pp. 705-729.

tlbid, p. 716.
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is an integral part of the delta. The lake within it is refilled at intervals

orener than the Salton, and at times the bottom of the basin is left bare.

Dr. MacDougal regards it as repeating the history of the Salton as it was a

few thousand years ago.

This basin west of the Cocopah range was named the Pattie Basin in

recognition of the first recorded visit to the place by the Patties, father and

son, with their party in 1828.

From the personal narrative of J. O. Pattie, 1905, it appears that this

party of trappers descended the Colorado from Yuma in an effort to reach

the Spanish settlements to the southwest, and arer struggling with the floods

and tides at the mouth, they cached their stores of furs and started westward

from the main channel through the mesquite jungles of the delta and

crossed over the Cocopah Mountains, probably at some pass in the Sulphur

Mine Range, the lower central series of ridges, and then traversed the Basin

by a two days' march to Palomar Canyon, or Agua Caliente, which descends

from the peninsula range. They reached the Mission of Santa Catrina

where they were taken prisoners and sent to San Diego.

Lacuna Maquata.

This sheet of water in the Pattie Basin holds a relation to it similar to

that of the Salton Sea to Cahuilla Valley. Its extent is variable. The winter

floods of 1905-1906 filled it to a high level. Ordinarily the accumulated

water forms a lake about forty miles in length and twenty in width, extending

from the Cocopah Mountains on the east to the base of the main range on

the west. It is known to the Indians as Laguna Maquata, and to the Mexi

cans, as Laguna Salada.

Of this lake and the adjoining Cocopah Mountains, C. R. Orcutt writes :*

"Just south of the United States boundary line, a barren range of rugged

hills extends southward, toward the Gulf of California ; this is the Cocopah

Range in which valuable mineral deposits are known to exist. The most

northern of the range is distinguished by the name of Signal Mountain, from

the top of which the Cocopah Indian lighted his signal fires.

"To the west of Signal Mountain there lies the bed of an almost mythical

lake—the Laguna Maquata, whose waters are invariably described on the

Mexican maps as muy salada (very salt). Very little reliable information

concerning this region is obtainable. In 1884 the Laguna is known to have

been a very respectable body of water from the outflow of the Colorado in

that year, which was divided between the New River and the Laguna Maquata

district. Thousands of fish are said to have sported in its depth, many of the

*"Th. Colorado Des.rt." In the Tenth R.port Stat. Mineralogist of Cali

fornia, Sacram.nto, Cal., 1890, p. 914. i .'..1 :
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fish exceeding two feet in length. In February, 1890, this extensive lagoon

was as dry as the surrounding country with only a small .pool of brackish or

salt water at its point of lowest depression connected with other small pools

to the southward by muddy and unapproachable sloughs. Along the banks

of this defunct lake were numerous remains of the unfortunate fish—all that

the hungry coyote had spared."

Immense quantities of fish bones were observed along the beaches of

Maquata by Dr. MacDougal and his party in February, 1907. Near the

upper edge of the bank of salty mud was a windrow of remains of fish which

appeared to be carp, according to an examination by Herbert Brown, of the

party. This row of dead fish was seen to extend for about fireen miles,

and may have been double that length.*

Mention of heaps of fish is also made in the Diary of Father Garcest

who made five trips into this region 1774-1776. He wrote :

"Thus I perceive that at the time of the great risings of the river, the

water can very well overflow this valley or strand that there is between the

two sierras of the Santa Barbara (Cocopah Mountains) and of San Geronimo

(the main range south and west of the Cocopah Mountains) as far as the

place where the first expedition (of 1774) found stranded that heap of fish of

which is made mention in the diary."

The Diary has not been accessible, but this last paragraph indicates that a

passage had been made through the Pattie Basin, when the water in the

Laguna was at a low stage, and that remains of fish similar to those men

tioned above, were found. .

It is to be noted that the unfamiliarity of the editor of Garces' Diary with

the features of the lower delta, has led him to persistently deny the correct

ness of the position given by the Spanish pioneer. Garces' route may be

traced with ease on the map to a point as far south as Antelope Slough,

where, finding only bare flats and no drinkable water, he turned north.

The Trails Westward.

Dr. MacDougal, in his memoir on "The Desert Basins of the Colorado

Delta,"t further observes :

"The Cocopah Indians who have inhabited the lower part of the delta

about the mouth of the Hardy for some time, singularly enough, hold the

closest communication and intermarry with the tribes inhabiting the moun

tains to the westward of the basin. Two main trails are used. One crosses

the Cocopah Mountains in the vicinity of the Borrego Peak, going up from the

delta through a long canyon heading toward the southwest. Agua de las

*Bui. Am.r. G.og. Soc, vol. 39, p. 724.
t"On th. Trail of a Spanish Pion.er: Diarv and Ion.rary of Francisco

Gar..s," by Elliott Coues, F. P. Harp.r, New York, 1900. I; p. 194.
tlbid, p. 724.
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Palmas is the first watering place, and this spring is reputed to be named

from the group of palms which surround it, probably the only plants of this

kind in the whole range, although Barrows mistakenly ascribes to them a wide

distribution in this region (National Geog. Magazine, 11, 347, 1900). The

main ridge is crossed through a low pass, and then the way leads through

granite, volcanic and clay ridges, to where among the bad lands a seepage in

a sand wash, known as Agua de las Mujeres, furnishes a small but unfailing

supply. From here a blind trail leads, straight as may be, due west across

the valley to the mouth of the Palomar Canyon, up which, at a distance of

about three miles, running water and the grateful shade of groves of palms

may be encountered. This has long been a favorite camp and meeting place

of the Indians, and one of the attractions of the place is the agave, growing

on the slopes, from which mescal is baked and brewed.

"The trail from Agua de las Mujeres to Palomar Canyon passes to the

south of the Laguna Maquata and makes a distance of about thirty miles

across a desert plain."

Value of Delta Lands for Agriculture.

The alluvions of the Colorado wherever deposited are known to be

extremely fertile and valuable for agriculture. The delta has thus attracted

great attention and is now being rapidly reclaimed for agriculture and settle

ment. It is reached by the main line of the Southern Pacific Railway and by

a branch from it at Imperial Junction (Old Beach) to Imperial and Calexico.

The Coachella Valley (North Imperial) is now attracting the attention of

settlers. The village and postorfice is on the railway between Mecca and

Indio. This name according to James,* is a corruption, or a modified form,

of the Spanish word. He writes :

"This is the world-famed Coachella Valley, yet the name is a misnomer.

It was originally Conchilla, and is so named on the maps of the United States

Geographical Survey. Conchilla means little shells and the name was given

in early days from the fact that the whole valley of the Salton from the

Mexican line as far north as Indio is covered with tiny fresh water shells."

. Climate.

The climate is one of great heat, low humidity, long summers, and very

sudden and large changes. Moderate winds blow most of the time in hot

weather and these, together with the unusually low humidity, materially

temper the effect of the high temperatures. With but few exceptions

throughout the year, the nights are comfortably cool, the small amount of

moisture in the atmosphere resulting in rapid heating of the air at sunrise

and cooling off at sunset.

*Ibid, p. 5.
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In the spring and early summer winds from the west and south often

attain high velocity for from one to a maximum of four days. They are

rarely severe enough to do other damage than become disagreeable dust

storms.

The United States Weather Bureau has had meteorological observations

made in Yuma, Ariz., and Indio, Cal., for many years, in Imperial since 1901,

and in Calexico and in Brawley for a portion of this latter period. On a

few occasions temperatures of 125° have been reached, but the average

yearly maximum is between 115° and 120°. The winters are mild and ex

ceptionally fine, the minimum temperature rarely falling below the freezing

point and with an absolute minimum temperature of about 18°.

Precipitation is very small and varies greatly from year to year as in all

other extremely arid countries. The average annual rainfall at Yuma and at

Indio is a little less than three inches and probably about the same amount

in the Imperial Valley, although the records for the past six years at Imperial

indicate a larger amount.

With such a climate the absolute necessity of irrigation for agriculture

is obvious, and until the desert was reclaimed no human beings could live

therein, and very few had the hardihood to even traverse it.

Wozencraft's Project of Reclamation.

In the year 1853-1859 Dr. O. M. Wozencrar of San Francisco, aroused by

the report of the fertility of the soil of the desert and the possibility of

irrigating the land by canals from the Colorado River, endeavored to enlist

capital in a scheme for the reclamation of the Colorado Desert.

Wozencrar was probably the first to fully appreciate the importance of

the delta lands of the Colorado to agriculture and settlement. He was so

much impressed by the description of the ancient lake and the evidences of

the fertility of its deposits wherever water could be applied, that he devoted

himself to the advancement of a project for their reclamation. Stimulated by

his enthusiasm the Legislature of California, in 1859, adopted a memorial to

Congress asking a cession of 3,000,000 acres of the desert land in the south

eastern part of California, to the State of California, for reclamation by

irrigation. This application was favorably acted upon by the Committee in

the House of Representatives in 1862, but the bill reported failed to pass.

Mr. Grunsky* says:

"It is of interest, however, in connection with this application for acces

sion of land, to learn from the testimony of Dr. Wozencrar, that the lands

*Trans. Am. So.. Civil Engine.rs, vol. LIX, p. 18.
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of the Colorado Desert were to be reclaimed by irrigation ; and that his

engineer, Mr. Ebenezer Hadley, County Surveyor of San Diego County, in

reporting on this project, recommended a canal location which was practically

identical with that actually adopted 40 years later.

"Mr. Hadley said, among other things, that irrigation was practicable,

as water from the Colorado flows there now. He stated that he had found

by actual survey, that there was a fall of 5 feet per mile available along the

proposed canal route. He called attention to the necessity of carrying water

through Mexican Territory. He proposed a canal 25 feet wide and 10 feet

deep, which was to tap the river at the point of rocks adjoining Pilot Knob

and immediately above the International Boundary line."

At various times proposals have been made to fill the Salton Sea with

water from the Colorado River or from the gulf with the view to fundament

ally changing climatic conditions, particularly increasing the rainfall through

out the territory. In particular, Dr. J. P. Widney, an army surgeon, pub

lished some articles in the Overland Monthly urging the flooding of this sea,

the first of these contributions appearing in 1873. None of these proposals

were given very serious consideration.

Later Irrigation Suggestions.

In the years 1875 and 1876 an examination was made under the direction

of Lieut. George M. Wheeler to determine the feasibility of taking water from

the Colorado River anywhere between the Grand Canyon and the Inter

national Boundary Line for the irrigation of lands in California. Lieut. Eric

Bergland had immediate charge of this work and presented an adverse

report, stating that a canal from some point below the International Boundary

Line would be less expensive and more practicable in every way. He sug

gested the possibility of utilizing one of the branches of the New River

(doubtless what is now called the Alamo) from where it leaves the Colorado

near Algodones, for conveying water to the Imperial Valley proper. In order

to avoid the sandhills he thought the canal should be as far south as Seven

Wells in Mexico and then bear toward the northwest. He considered the

amount of excavation required to construct such canal as moderate since "the

water flows into this area from the river when it overflows its banks."

Almost at the same time a partnership was formed between Mr. Thomas

Blythe, a capitalist of San Francisco, and General Guillermo Andrade for the

irrigation of the latter gentleman's immense land holdings in Lower California.

This partnership did not have any definite result other than to involve the

title of Gen. Andrade's estate to a certain portion of the land in later years.
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III. LAKE CAHUILLA.

Origin of Lake.

The head of the gulf being cut off by the Delta from the free access

to the sea, became an inland lake of salt water, or at least of brackish water,

with the great Colorado River at certain seasons and stages of flood flowing

into it. This stream then, as now, was laden with the rich alluvial earths of

its upper course, torn from the ravines and canyons of the Rocky Mountains

and the Grand Canyon of Arizona. This influx of river water, though variable

in duration and quantity, must have exceeded the loss by evaporation. Con

sequently the level of the lake was raised until the excess overflowed to the

gulf by a lower outlet.

Antiquity.

That such conditions continued for centuries appears certain, for the

enormous accumulations of sediment within the old beach lines tells the

story of long continued lacustrine conditions ; of the displacement of the sea

water, and of the final occupation of the valley by fresh water. This is

shown to us by the fresh-water shells, not only on the surface but in the blue

clay sediments; in the banks of ravines and arroyos, and in the deep borings

for water—showing that the shells dropped to the bottom and were thus

entombed. These fresh-water shells are so abundant in the lacustrine clay

of the desert, especially at the northern end, that they accumulate in windrows

before the wind. The thin pearly shells of anodonta are common in the clay

about Indio. Four or five species of uni-valves, new to science, were col

lected in 1853.

The long continued existence of such a lake is shown, not only by the

fossil shells, but by the ancient shore lines and beaches as fresh as if recently

ler by retiring waters. These are especially vivid and convincing north of

the Delta, where they are visible for miles.

At an outlying mass of rocks at the base of the main ridges of the

Peninsula or San Jacinto Mountains, a deposit of travertine marks the

former height of the water by a thick incrustation, covering the granite

boulders from view. The foundation rock must have been a small islet of

granite projecting above the waves of Lake Cahuilla. It is now known as

Travertine Point and its base was nearly reached by the rising waters of the

Salton Sea in 1907.

Identification and Description.

The former lake, the shores of which are recorded on the rocks and

slopes of the Cahuilla Valley north of the Delta had an area of approximately
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2100 miles. It was 110 miles long and about 34 miles wide. It was first

identified and described by me in 1853, in a communication to the San

Francisco Commercial Advertiser, edited by J. D. Whelpley, in the winter of

1853-54, and later in the "Reports of Exploration and Surveys for a Railroad

Route from the Mississippi River to the Pacific Ocean," vol. V., and in the

appended report, "Geological Reconnoissance in California," 1855.* Its

boundaries were then approximately shown and its origin explained. I have

named it La Cahuilla from the name of the valley and of the Indian tribe.

The Desert Revisited.

By the courteous invitation of Dr. MacDougal, I had the pleasure of

revisiting this place in the month of May, 1906. Crossing the valley from

Mecca, on the Southern Pacific Railway, we visited the then rising Salton

Sea, skirting it to Travertine Point which I again ascended half a century

arer its discovery and description in 1853. The old water-lines and beaches

were comparatively unchanged in appearance. Concentric lines of sparse

vegetation marked where the waters had stood centuries before. Looking out

from the summit across the Salton Sea it was difficult to realize that the

old traveled trail across the desert lay ten fathoms deep under water,

where before not a drop could be found.

The name "Salton Sea" is appropriately applied to the recent inflow

and partial inundation of the valley covering the salt beds at Salton, but

the ancient lake in its entirety requires a distinctive name. If any precedent

is needed for naming an ancient lake which has disappeared, it is found in

the naming of the old lake in Utah by Clarence King as Lake Bonneville.

Lahontan is another example. The Great Salt Lake of Utah is the residual

lake of Lake Bonneville much as the Salton Sea is the residual lake of Lake

Cahuilla. Lake Cahuilla occupied the northwestern end of the basin of the

California Gulf—that portion cut off from the sea by the delta deposits.

The northwestern part of the valley is also known as the Cabezon or

Cahuilla Valley, so named from the Cahuilla Indians who have inhabited

the oases and tillable fringes of the desert from time immemorial. There is

a difference of opinion regarding the proper orthography of this name. It

is ably discussed by Dr. David Prescott Barrows in "The Ethno—Botany of

the Cahuilla Indians of Southern California."! He writes :

"A word should be said as to the pronunciation and spelling of the tribal

name, Coahuilla. The word is Indian, and the tribesmen own designation for

*This app.nded report was r.published as "R.port of a G.ologi.al R.connais

sanc. in California," by W. P. Blake. H. BailUere, New York and London, 1858.

tDissertaoon for degree of Ph. D., University of Chicago Press, 1900.
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themselves and means 'master' or 'ruling people.' There is some slight varia

tion in its pronunciation, but the most usual is probably, Kow-wee-yah, accent

on the second syllable. The spelling has been various. That used by the

early writers and correct according to the value accorded to "11" in Spanish-

American, is that adopted here—Coa-hui-lla."

The writer, in the year 1853, when passing through "Ka-wee-yah" or

the Four Creek Country in California, with Lieut. Williamson, in the en

deavor to conform phonetically to the Indian name wrote it "Cohuilla," and

sometimes "Cahuilla." This last form seems to have been more generally

accepted and is preferred to Cohuilla, Coahuilla, or any other.

Desiccation of Lake Cahuilla.

With our present knowledge of the delta deposits of the Colorado, the

varying phases of the stream, the lightness and depth of its deposits of silt,

its quicksands, its shiring channels and uncontrollable ways, it is easy to

realize that the inflow to Lake Cahuilla must have been extremely variable

and uncertain. We can realize that under favorable conditions the whole

volume of the Colorado may have been diverted alternately to the Lake and

to the gulf, and that long intervals of drought accompanied by drying up

were oren experienced.

Writing upon the subject in 1853, attention was directed by the writer*

to the traditions of the Cahuilla Indians as follows :

"The explanation of the formation of the lake and its disappearance by

evaporation which has been presented, agrees with the traditions of the

Indians. Their statement that the waters retired poco-a-poco (little by little)

is connected with the gradual subsidence due to evaporation, and the sudden

floods of which they speak, undoubtedly took place. It is probable that the

lake was long subject to great floods produced either by overflows of the

river at seasons of freshets, or by a change in its channel, or by a great

freshet combined with a very high tide, so that the river became, as it were,

dammed up and raised to an unusual height. The present overflows, though

.omparatively slight, are probably similar, and yet it is possible that the

interior of the desert might be deluged at the present day, provided no eleva

tion of the land has taken place and that the river should remain at a great

height for a long time—long enough to cause the excavation of a deep channel

for New River."

Salton Sea.

This is precisely what has recently happened by the cutting of irriga

tion canals, and by the uncontrolled flow of the Colorado River, deep and

destructive channels were cut, a partial flooding of the desert followed, and

*Report "G.ologiaal Reconnaissance in California," Govt. Print, 1855, p. 238.
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the "Salton Sea" was formed. The body of water which so recently threat

ened the restoration of the former lake conditions in the month of February,

1907, had attained a length of 45 miles, a maximum breadth of 17 miles and

a total area of 410 square miles with a maximum depth of 83 feet. It

extended from Imperial Junction nearly to Mecca Station. It submerged

railway stations and neaessitated the removal of the tracks of the Southern

Pacific for 67 miles to a higher and more northern bed. By the great and

masterful exertions of the engineers in charge, seconded and supported by

the Southern Pacific Railroad, the destroying deluge was stopped in the

mouth of February, 1907, and the gradual disappearance of the Salton Sea,

by evaporation, commenced and is now in progress. In this we have im

mediately before us a practical exhibition of what must have happened many

times before.

Evidently in the case of the ancient Lake Cahuilla, with the loss of the

supply of water from the Colorado, the lake disappeared by evaporation.

The conditions for this were extremely favorable. Of the rate of evapora

tion and the time required for the complete desiccation of the valley, we

have no direct evidence, but there is every reason to accept the statement of

the Indians that the water retired little by little, or very slowly, and no

doubt years passed before the lake dried up.

Rate of Evaporation.

Experiments by me upon the rate of evaporation in the Tulare Valley,

California, in 1853, indicated one-quarter of an inch per day, or between

seven and eight feet yearly.* Dr. Buist found that the amount of evapora

tion from the surface of the water at Aden, on the Indian Ocean, was about

eight feet per annum. At the rate of eight feet yearly, the 83 feet of water

now covering the desert, and known as the Salton Sea, will require ten and

a half years for its complete evaporation.

It is estimated by Mr. H. T. Cory, the engineer in charge of rediversion

of the Colorado River in 1906-7, that, if the inflow of the Colorado to the

Salton is prevented, the sea will practically dry up by evaporation in about

eighteen years.

The recession of the Salton Sea now in progress affords an excellent

opportunity for the determination of the rate of evaporation of such a body

of water, and it is being availed of by the U. S. Geological Survey, which

has established stations where the rate is being carefully observed.

*Report "G.ologiaal R.connaissan.. California." p. 195, and Trans. Geo.
So.i.ty, vol. IX, p. 39, 1849-50. See also, Trans. Naoonal Insotute, Washington.
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From measurements of the evaporation from a tank at Calexico by

Mr. J. E. Peck, of the California Development Company, the annual evapora

tion was shown to be about 6.73 feet, as will be seen by the following tabular

report :

Evaporation From a Wate. Surface at Calexico.

1904 1905 1906

Month Inches Inches In.hes

January 4.39 2.72 2.57

February 6.32 1.47 2.43

March 8.86 4.44 5.06

April 9.55 4.74 5.99

May 10.91 8.38 6.84

June 13.89 12.86 7.41

July 12.47 10.43 6.76

August 10.98 8.52 8.47

September 8.61 7.83 6.73

October 8.78 6.77 5.45

November 5.40 3.23 3.61

December 3.48 3.43 2.40

Total 103.64 75.00 63.66

IV. COLORADO DESERT.

Depressed Area.

The drying up of Lake Cahuilla ler a broad region at the head of the

gulf, a depressed area below the sea-level, a trackless waste of nearly level

land extending, including the Delta, for some 200 miles northwesterly beyond

the present limits of tide-water in latitude 31° 30' N. approximately 80 miles

south of the mouth of the Gila River at Yuma on the Colorado. The limits

of this desiccated area are approximately marked indelibly on the ground

by the shore-lines and beaches of Lake Cahuilla, extending on both sides of

the valley from near Yuma to Indio and beyond.

The name "Colorado Desert" was given to this region by the writer in

1853.

This was before the State of Colorado received its name. It was

deemed most appropriate to connect the name of the Colorado River with

the region inasmuch as the desert owes its origin to the river by the

deposition of alluvions and the displacement of the sea-water.

A tendency is shown by some writers to extend the area known as

the Colorado Desert so as to include the arid regions north of it, especially
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the mountainous region along the Colorado and the Mojave, partly known

today as the "Mojave Desert." This was not the intention or wish of the

author of the name. It was intended to apply it strictly to the typical

desert area of the lacustrine clays and alluvial deposits of the Colorado

where extreme characteristic desert conditions prevail, such as arid treeless

plains, old lake beds and sand hills—such conditions as are found ' in the

Sahara of Africa and in the delta regions of the Nile. The appellation may

properly be confined to the regions reached by the deposition of the silt of

the Colorado whether in the form of deltas or at the bottom of ancient

lakes. I should also include the bordering detrial slopes from the contiguous

mountains. So restricted, the area is practically coterminous with the ancient

beach-lines and terraces of the lakes which occupied the valley.

Its area is estimated at not less than 2100 square miles, its breadth east

and west opposite Carrizo Creek about 33 miles. Its height above tide

ranges from 135 feet above sea-level at Yuma to an average of 42 feet

following the old shore line of Cahuilla Lake, and to minus 287 feet, now

partly submerged.

Fertility of the Desert Soils.

The Colorado River, like the Nile, is a great fertilizer of the land

which it overflows. Its alluvions are easy of tillage and are wonderfully

productive. The Yuma Indians, arer the subsidence of a flood, find the land

ready for the seed. Walking over the newly deposited silt, a hole is made

in it by the great toe into which the seed-corn is dropped and then covered

with the ball of the foot. The corn sprouts and grows with great rapidity.

The annual deposition of silt is constantly raising the level of the banks

and increasing the tillable area. This process has been going on since the

elevation of the land above the sea and the foundations of the delta were

laid. It is difficult to satisfactorily compute the quantity of silt brought

down by the river and added to its delta every year. The Arizona Experi

ment Station found that the lower Colorado carries 35,000-acre feet of silt

annually. In the year 1904 the amount of silt in the river water varied

from 84 to 3263 parts in 100,000 parts by weight. An acre-foot of the

water contained an average of 9.62 tons of silt. According to Tait :*

"It is assumed that one-half of the silt in the water in the river is held

in suspension until the water reaches Imperial Valley lands. A field to which

3-acre feet of water is applied receives 14.43 tons of silt."

*"Irrigaoon in Imp.rial Valley," C. B. Tait, Sen. Do.. 246, 60th Cong., 1st

S.ss., Washington, 1908, p. 8.
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The same authority gives for the mean annual rate of discharge of the

riv.r 13,300 cubic feet per second, and the mean total discharge 9,651,000-

acre feet. This silt has an acknowledged money value as a fertilizer of not

less than $1.11 per acre. foot.

The fertilizing sediments from the annual overflow of the Nile, which

stream has much in common with the Colorado, are estimated at six inches

of depth in a century. It is thought that the bed of the river rises four feet

in 1000 years. It is said that seven feet in depth of mud has accumulated

around the pedestal of the statue of Colossus, who lived 1430 years before

Christ. The French estimated the deposit of Nile Mud, from Essonan to

Cairo, at five inches per century. The column of Rameses II. is surrounded

by a sediment 9 feet 4 inches deep, fairly estimated. This monument was

erected 3215 years before, which gives a rate of inches per century. But

there are similar deposits below the depth of 30 feet, which, at the same rate

of deposition, would require 13,500 years to A. D. 1854.*

Adaptation to Agriculture.

Attention was early directed to the adaptation of the desert soil to

agriculture, as shown in the official report to the War Department in 1855. t

"The upper or gravelly plains of the desert, especially those in the

vicinity of the mouth of the Gila, are too arid and wanting in soil to be ever

used for agriculture. But this is not so with a large part of the desert—the

part formed by alluvial and lacustrine clay. The whole of this clay surface

may be considered as capable of supporting a luxuriant growth of vegetation

provided it is supplied with water by irrigation.

"The Cahuilla Indians in the northwestern part of the desert raise abun

dant crops of corn, barley and vegetables in the vicinity of the springs at

their villages. We also observed a dam at the Cahuilla villages on the

northern margin of the desert where we stopped over night. The ground was

principally clay, which by drying in the sun, had become very hard, but on

being cut and pulverized by the passing of the train, became dry and dusty

like dry ashes. On cutting down into it for about twelve inches it was found

to be more sandy and micaceous. It appeared to be a rich soil for wherever

water reached the surface the vegetation was abundant, and a large area near

the mountains was covered with a dense growth of weeds, the ground being

moist.

"The vegetation around the springs was luxuriant, and wherever the soil

was moistened it supported either a growth of grass or of rank weeds. The

Indians had their houses in the thickly growing mesquite trees around the

*Compil.d from Drap.r's "History of Int.lle.tual D.v.lopment of Europe,"
Harp.r, N.w York, 1876, vol. I, p. 87.

•f Report "G.ologiaal Reconnaissanc. California," Blake, and vol. V, "Pacifi.

Railway R.ports," pp. 248-249.
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springs. A growth of weeds was noted over a wide area near the mountains,

but not far from the cultivated fields."

Sample of the soil taken for analysis showed the presence of all the

elements necessary to fertility. It is added :

"From the preceding facts it becomes evident that the alluvial soil of

the desert is capable of sustaining a vigorous vegetation. The only apparent

reason for its sterility is the absence of water, for wherever it is kept moist

vegetation springs up."

"If a supply of water could be obtained for irrigation, it is probable that

the greater part of the desert could be made to yield crops of almost any kind.

During the seasons of high water, or of the overflow of the Colorado, there

would be little difficulty in irrigating large areas in the vicinity of New River

and the Lagoons."

"By deepening the channel of New River, or cutting a canal so low that

the water of the Colorado would enter at all seasons of the year, a constant

supply could be furnished to the interior portion of the desert. It is indeed a

serious question whether a canal would not cause the overflow of a vast surface

and refill, to a certain extent, the dry valley of the Ancient Lake. This is

possible and would result provided no change of level has taken place since

the water dried up" (pp. 249-250).

This prophetic suggestion has been more than realized arer the lapse

of half a century.

Vegetation of the Desert.

The principal plants which arrest the attention of the traveler and

ordinary observers on the Colorado Desert and are found in the oases, or

near a subterranean water supply, or at the desert margins, or in the beds of

arroyos, are the mesquite (Prosopis glandulosa), the tournil or screw-bean

(Strombocarpa pubescens), the palo verde (Parkinsonia torreyana), the

"Creosote bush" (Corvilla tridentata), and the California Palm (Neo-

Washingtonia filifera). The salt weeds (Salicornia) are also common.

The study of the origin and distribution of the flora of the region has

been undertaken by Director MacDougal and the staff of the Carnegie

Desert Laboratory located at Tucson. In Dr. MacDougal's description of

the desert basins of the Colorado,* he writes :

"The Cahuilla Valley, as part of the Colorado Desert, bears a char

acteristic xerophilous vegetation. Along the clay strata, in an upper level,

bands and groves of the California palm {Neo-washingtonia filifera) form

characteristic oases of striking aspect. At other places around the springs

which are generally alkaline, mesquite (Prosopis) salt grass (Distichlis

spicata) the rare rush (Jancus Cooperi) which here is to be found in great

turs, Cyperus and Scirpus olneyi occur in abundance.

*"Th. D.s.rt Basins of the Colorado Delta," D. T. MacDougal, with map by

Mr. Godfr.y Sykes, Bui. Am.r. Geog. Soc., vol. 39, pp. 705-729.
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"The salt bushes (Atriplex canescens and A. Polycarpd) grow on

saline areas; but in places where the loam bears more than 3% of alkali,

but little is to be found besides Allenrolfia and Sucda, and these are generally

in the shallow drainage-ways, from the soil of which some of the salts have

been leached.

"Parosela spinosa, one of the most striking of all desert shrubs, is to

be found on the margins and in the beds of the dry streamways well up on

the sides of the basins, and also Gaertncria, with its burr-like fruits. Ephedra,

Parkinsonia torreyana and P. microphylla, Fouquieria splendens, Olneya

testoa, and Yucca Mohavensis, are also here in abundance, while the creosote

bush, shows its characteristic wide range of adaptability to a great variety

of soils.

"It is to be seen that most of these plants are of the halophytic, or of

spinose types, while but few plants capable of water storage are present.

Among these is an Echinocactus—Opuntia Bigelovii, O. Basilaris, and O.

Echinocarpa.

"The rainfall of the region does not exceed three inches annually, and

very high temperatures are reported for various points within the basin."

*******

"In addition to the slow movement of the jungle vegetation seaward

with the southern extension of the central portion of the alluvial lands, other

major movements of great sweep have taken place. The depressed basins,

once a part of the gulf, have been occupied by various types of xerophytic

and halophytic vegetation, by encroachment from the contiguous desert, and

by the aid of the inflowing river floods from great distances, and many

opportunities have been offered for the origin and adaptation of new species,

either by direct response or by the chance saltation—which might bring a

new form into existence in an environment exactly suitable for its main

tenance."

Palms of the Desert.

The extreme fertility of the soils of the desert was well shown by the

beautiful oasis at the Hot Springs, now known as Palm Springs, near

Indio. The writer there found in 1853 and recorded the growth of a palm

and rushes with mesquite and willow bushes. Mr. S. B. Parrish, in his

"Contributions Toward a Knowledge of the Genus Washingtonia,"* refers

to this mention as one of the earliest notices of the occurrence of palms on

the desert. In regard to the distribution of this genus of palms, he writes

further (p. 426) :

"The distribution seems to have been determined by the boundaries of

the great lake which, in the not very distant past, occupied the central

depression of the Colorado Desert. We may reasonably suppose the shores

of this ancient lake to have been enlivened here and there with groves of

*"Botani.al Gazette," vol. 44, Univ. of Chicago Pr.ss, Dec. 1907, pp. 408-434.
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stately palms. A few venerable trees still linger near the upper shore-line

of this vanished sea, gaunt and ready to perish, and without offspring to

succeed them, but the most have retired to the canyons of the surrounding

mountains. Here they find congenial homes along the few and feeble

streams, by some scanty spring or narrow oasis moistened by alkaline per

colations. The necessity of soil moisture is the governing factor in their

distribution.

"The most extensive groves occupy a tract of strongly alkaline soil

along the foothills some ten miles north of Indio and extending up some of

the neighboring washes. The finest grove occupies for a mile or more the

narrow Palm Canyon on the opposite side of the desert at the base of the

San Jacinto Mountains. Hundreds of fine trees fill the sandy bed of the

stream, or cling to the rocky bases of the steep sides. The older trees are

still vigorous, and there are abundant younger ones of all sizes. It is con

venient of access from the little village of Palm Springs.

"Most of the canyons at the desert bases of San Jacinto contain palms.

A few grow in the canyon of the Whitewater, which is the western limit of

the species. The Southern outpost is probably at Carrizo Creek ; a few trees

at Corn Springs mark its northern limit, and none are known to exist east

of Frinks Station."

Palms were, however, noted by Dr. MacDougal further south in the

canyons of the Cocopah Mountains, and Father Consag* in his account of

the survey of the head of the gulf reports finding palm trees washed down

by floods in the bed of a brook near San Estanislao.

V. GEOLOGY AND MINERALS.

Mountains.

The mountain ranges which figuratively frame the valleys rise, wall

like, on both sides of the Cahuilla Valley and the desert. Those on the

west are the most abrupt and rugged and form a complete separation be

tween the delta region and the Pacific Ocean. These are the San Jacinto

ranges of the peninsula mountains. San Jacinto, the highest peak, stands

at the south end and on the south •side of the San Gorgonio Pass, which

separates it from the massive ridges of San Bernardino. Both of these

mountains rise to an altitude of over 11,500 feet above the sea. The white

snow-covered summit of San Bernardino is a conspicuous object for a

large part of the year from the decks of vessels sailing along the coast.

San Jacinto does not attract so much precipitation, but is a very sharp and

picturesque peak.

*"A Natural and Civil History of California." Translaoon from th. Spanish
of Migu.l Ven.gas. Rivington and Fl.tcher, London, 1759, 2 vols. Vol. II, p. 337.
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Geologically, these mountains are essentially crystalline and granitic.

The peninsula ranges north of the boundary line consist chiefly of granite

and syenitic rocks in which there is an unusual amount of mineral known

as schorl or black tourmaline. Gneiss and micaceous schists are largely

developed and are sharply upraised and plicated, forming extremely rough

and jagged croppings, especially on the sides bounding the desert where there

is but little soil. Owing to the desiccation of the wind from the sea, the

scanty precipitation is insufficient for mountain streams of much volume.

The few brooks or rivulets of the higher ridges in their descent to the valley

in the rainy season are quickly absorbed or dissipated by evaporation on

reaching the lower slopes.

On the seaward side of the mountain range the conditions are very

different, and many small and fertile valleys are found.

Amongst these, Warner's, so named for the pioneer settler, Don Juan

Warner ("Juan Largo"), a tall New Englander from Lyme, Conn., was a

great haven of rest in the early days for those who survived the terrors of

the desert in the 90-mile journey from Yuma to Carrizo Creek without

water.

Gems.

These granite ridges from San Jacinto, southward through San Diego

County, have become generally noted for the superb gems taken from

many places, more particularly for red, green and pink colored tourmaline,

obtained by patient mining. The rocks generally may be said to be char

acterized by the abundance of the ordinary black tourmaline or schorl.

Amongst the other gem-stones, the rare form of the spodumene, a lithia

mineral known as kunzite, is obtained here in beautiful purple or violet-

colored crystals. Garnets and beryls are also obtained in these mountains.

The beryls are sometimes colorless and almost as brilliant as diamonds, and

are oren tinted a pale rose pink, greatly enhancing their beauty.

The mountains on the north of the great Cahuilla Valley are also

granitic and form a series of sharp ridges in constant sequence, separated by

gravelly slopes and valleys, for a great distance up the valley of the

Colorado. Some outcrops have been worked for gold in the mountain ridges

a few miles north of Indio and also at Carza Muchacha, near Yuma.

The geology south of the International boundary is but little known.

At the Sierra Giganta, between Muleje and Loreto, there are precipitous

cliffs of red sandstone.
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VuLCANISM.

The evidences of vulcanism are many and impressive in the lower

delta region of the Colorado, and on the Sonora side of the head of the

Gulf, where numerous craters exist and are dominated by the extinct vol

canoes known as Pinacate. This mountain rises in a volcanic center of

great extent only about 25 miles from the shores of the gulf. It has been

recently visited by Dr. MacDougal of the Carnegie Institution, in company

with Engineer Sykes, Messrs. Hornady of the Zoological Park, New York,

and Mr. Phillips of Pittsburg, Pa. They found extensive pit-craters with

precipitous sides and a broad region covered with lava.

Northward from the Pinacate region, volcanic outflows continue as

far as Mohawk on the railroad in Arizona on the north side of the Inter

national Boundary Line.

In close proximity to the deposits of the Colorado Delta we find the

craters and outflows of the Cerro Prieto or Black Butte on the flanks of

the Cocopah Mountains. The chief crater is in the mountain 750 feet high

and is flanked by smaller craters all now extinct but giving evidence of com

paratively recent activity. Mud volcanoes, or salses, occur there from

which hot water and steam are escaping.

At the time of the great earthquake in San Francisco, April 18, 1906,

there was an earthquake in the Imperial region of the delta, which suggests

the probable continuation of a fault-plane passing along the great interior

valley of California and southward, through the valley of the Gulf.

Mud Volcanoes.

In the year 1852, Major Heintzelman, U. S. A., then commanding at

Yuma, was surprised to see clouds of steam arising from the southwest por

tion of the desert. Visiting the place he found a great eruption of hot

water and mud, with jets of steam, issuing from conical hillocks of mud.

Masses of dark colored mud were thrown to a height of 40 feet. These

salses were later visited and described by Dr. John L. Le Conte,* and by

Dr. Veatch.f An excellent graphic description was given by Dr. David P.

Barrows in 1900.t He correctly observes :

"The volcanoes are doubtless immediately due to the infiltration of

water from the Colorado overflow down to the heated beds of rock not far

beneath. Converted into steam, these waters burst violently upward through

the deposits of silt, and around their orifices throw up encircling walls of

mud."

*"Ameri.an Journal of Scien.. and Arts," (II) XIX, May, 1855.
tlbid, (II) XXVI, 1858.
("Naoonal G.ographi. Magazin.," Sept., 1900, vol. XI, No. 9, p. 337.
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Similar outbursts have been seen not far from the line of railroad

opposite the Salton Salt Deposit, but are now covered by water.

Dr. MacDougal* described the volcanic phenomena as follows :

"Hot springs and other manifestations of volcanic energy are to be

found all along the geological axis on the eastern side of the Peninsula of

Baja California, but the most pronounced feature of this character is to be

found well out in the delta, near Volcano Lake. Here, on a saline plain a

few miles in extent, innumerable small mud cones, solfataras and boiling

pools of mud and water, emit steam, smoke, and sulphurous gases, accom

panied by a dull rumbling sound.

"According to the traditions of the Cocopah Indians, a member of the

tribe accused of sorcery, or other serious crime, was sent back to his evil

master by the simple process of dropping him into a pool of boiling mud—an

obvious entrance to his abode below."

Uplift and Tilting.

The occurrence of beds of oysters and other marine shells and marine

fossils over the region as already mentioned shows that there has been a

considerable uplir of the whole region as well as a change from marine to

fresh water conditions. Since the dessication of the basin there has oc

curred a slight tilting for the old beach line has not the same elevation

throughout. On the southeastern stretch near Holtville its elevation is about

58 feet; on the northeast near Salton 49; on the northwest near Travertine

Point 39 ; on the southwest near the International Boundary line 28.

Artesian Wells.

The possibility of obtaining water in the desert by boring artesian

wells was pointed out in 1853. The geologic structure was shown to be

possible. The clay deposits of Cahuilla Lake were described as resting upon

Tertiary strata, which in turn rested upon granite rocks substantially as

indicated in a diagramatic section given in the "Geological Rtconnoissance

of California."

Shallow wells reaching to the water table are easily and cheaply sunk

within a region of several miles on either side of the river. To the west

however, the underground water slope is greater than that of the land and

ordinary wells are soon impracticable. Deep wells have been sunk in the

Yuba Basin and at El Centro, Brawley and Holtville in the Imperial Valley

proper but the deepest of them—1076 feet—encounter no formation except the

silt material of which the valley is formed with a shale and sort of cemented

sand overlaying the water gravel. Only at Holtville and in that vicinity has

*"Th. D.lta of the Rio Colorado," Bui. Amer. Geog. Soc, p. 10, 1907.
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flowing water been encountered, and that small in amount, at depths of from

300 to 1,000 feet, quite mineral though drinkable in quality, and with a

temperature of about 100° Fahr.

At the northwestern end of the basin there are relatively shallow arte

sian wells the occurrence of which is explained by the diagramatic section

already referred to as published in 1855. Such flowing wells are now numer

ous at Mecca and its vicinity, and add immensely to the value of the region

for gardening and agriculture. Approximately $300,000 is invested in over

350 wells and pumping plants for the irrigation of about 9,000 acres in this

part of the Colorado Desert, known as the Coachella Valley, and this

acreage can doubtless be safely increased from 50 to 100 per cent or more

without overtaxing the water supply.

Salt Deposit.

The accumulation of salt in the lower part of the desert was well

known to the Cahuilla Indians, who resorted to it for salt for an unknown

period. Being a little off the trail or road then travelled from Yuma to

the settlements in California, it was not oren visited or seen by the early

explorers, who, arer the long journey of 90 miles without water, pressed

forward without delay to the shades and springs of potable water on the

seaward slope of the mountains at Warner's Ranch.

Emory, 1848, mentions the salt lake as three quarters of a mile long

and half a mile wide, and that the water had receded to a foot in depth.

The salt bed was not conspicuous in 1853, at the time of Williamson's

Survey. Its precise position was not ascertained. It was said that it was

sometimes flooded with water, which was supposed to have reached it from

the overflow of the Colorado, through the channel of New River.* Evidently

this occasional submergence and dessication must have caused a great differ

ence of appearance at different times, the depression when dry being sheeted

with salt, and when flooded appearing as a shallow lake of briny water.

This bed of salt, when not flooded, was extensively exploited by the

New Liverpool Salt Company, shipments were made from the Salton Station

on the railway for many years, until the last overflow, which for a time at

least has destroyed the industry.

In 1892 the lake was described as a salty marsh connected by a branch

railway with the main track of the Southern Pacific road. At the end of

this track, some 15,000 feet west of the railway, a well was bored by the

Company to a depth of 300 feet. The top material largely consisted of black

*R.port "Geological R..onnaissance of California," p. 245.
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mud resting on a crust of salt, a mixture of the chloride of sodium and

chloride of magnesium, seven inches thick. On passing through this crust

the drill dropped through 22 feet of black ooze containing water over 50%

sodium and magnesium salts, fine sand, iron oxide and clay. It rested on

hard clay, through which the drill passed for the remaining distance, 277 feet,

varied, only by two or three streaks of cement.*

The inflow of water from the Colorado River in 1891, is described as

follows :

"In the month of June, 1891, a steady flow of water entered the

depression (of the salt lake) from the southeast and continued to the north

west uninterruptedly until an area 30 miles long and averaging 10 miles in

width, was covered to a depth of 6 feet, measured at the end of the Salton

Salt Works' branch track. When first examined the water showed a density

of 70° Beaume, which gradually increased to 25° Beaume."

This influx of salt water gave rise to the idea that the water of the

Gulf had penetrated through some underground channel, but no such channel

could be found. It was fancied that the sor, briny ooze might extend under

the crust beyond the marsh even to the Gulf and so obtain the supply of

salt water enriched by passing into and through the ooze. The water, how

ever, entered the basin through the New and Alamo River channels which

led from the lower delta region overflowed by the unusually severe Colorado

River flood exactly as occurred again in 1905 and 1906.

ASPHALTUr AND PETROLEUM.

In the year 1907, according to the report of Dr. Stephen Bowers to the

State Mineralogist of California, the Recorder's Office at San Diego showed

that more than 450,000 acres of land had been located for petroleum in the

Colorado Desert mining district, in San Diego County. Expectations were

great and many borings were made, but it does not since appear that any

petroleum has been developed there.

Asphaltum was reported in 1891 by Dr. Bowers from the Fish Creek

District, southwest from the Mezquite Co.'s wells. Asphaltum occurs there

and at Superstition Mountain. Dr. Bowers also reports nearly pure asphaltum

from Section 7, Township 11 South, Range 10 East, San Bernardino Base and

Meridian, and at several points in the same township.t

Sulphur.

Deposits of sulphur in the Cocopah Mountains have been worked in a

desultory, intermittent way for many years. Common report assigns a con-

*"Report State Min.ralogist of California," XI, 1892, p. 388.
* "R..onnaissanc. of th. Colorado D.s.rt Mining Distriat," by St.phen

Bowers, Ph. D., Sa.ram.nto, State Print, 1901, p. 17.
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siderable quantity to the locality on the west side of Volcano Lake, but no

reliable descriptions are at hand. It is about twenty miles south of the

boundary.

Sodium Carbonate.

Carbonate of soda occurs in quantity on the shore of the Gulf at Adair

Bay, but has not been developed. The quality as shown by samples submitted

at the University of Arizona, is excellent and the crude material could no

doubt be advantageously shipped to United States ports were it not for the

import duties.

Gold.

Gold-bearing quartz veins are found in the mountains north of the

desert. One was worked at Carzo Muchacha, and the ore was milled at Pilot

Knob for several years.

Sand Sculpture.

Amongst the many interesting phenomena of the desert, none perhaps,

is more surprising than the effect of wind driven sand. To those who look

they may be seen anywhere. Loose blocks of rocks, pebbles, or rock out

cropping in the path of the sand-grains, and even the hard surface of the

lacustrine clay, are smoothed and polished. But the irresistible cutting is

best exhibited on the hardest objects, such, for instance, as masses of petrified

wood where some of the former woody layers are less hard than others.

These softer parts of the stone are more readily cut away by the sand than

the denser layers and a sort of dissection results with the hardest parts left

in relief and the softer parts hollowed out. It is similarly so in the case of

any stratified pebble, as perhaps of limestone with a layer of flint, the lime

stone is cut away leaving the flint in bold relief.

Under the long continued driving action of the coast wind pouring

through the railway pass, a fl.w of sand is constantly passing across the low

spur of San Jacinto Mountain cutting the solid granite into a furrowed surface

as if by some mighty force pressing down upon it and moving slowly along,

glacier like. But on the contrary the effect does not depend upon pressure;

it is the function of each little grain bounding along, to scratch its invisible

groove until, in the aggregate, the mountain ridge is cut and smoothed down.

Here, again, the apparent selective action of the grains is shown, for the

minerals of the granite are dissected, cut in the order of their hardness,

feldspar yielding sooner and more than the crystals, and the crystal more than

the garnets.

The traveler in the observation car of the Southern Pacific may note, as

the train descends the bed of the Whitewater from the summit of the San
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Gorgonio Pass to the desert, that the telegraph poles are fortified at their base

by piles of stones. This is to restrict the action of the sand which soon cuts

down the poles if they are ler unprotected.

The sand itself does not escape wear and cutting. The grains lose

their sharpness and become rounded and spherical, or are worn into dust.

The colored pebbles glittering in the sunlight, on the upper plains or

terraces of the desert-slopes, receive the polish of their varnish-like surfaces

from the wind driven dust. The broad pebble-covered plains or slopes of the

mountains bordering the desert, looking as if paved artificially with round

pebbles, owe their origin, largely, to the removal of the sand around and

under them by the wind. Being so undermined, the pebbles settle down till

a continuous mosaic-like surface is formed which resists the further action of

the wind.

Concretions.

Among the varied phenomena of the desert, none are so little understood

as the concretions which weather out from some of the clay strata, and

present many peculiar round and cylindrical forms simulating cakes, breakfast

rolls, dumb-bells, and the like. These are oren ascribed to the cutting by

driring or wind driven sand, but are really due to chemical action of solu

tions by which the particles of clay are drawn together and cemented in

geometric forms around some central object or core.

It is an interesting fact, first noticed by the late General Thomas when

stationed at Yuma, that many of the hard, rounded and polished pebbles are

filled with silicified fossils. Their parent source was probably in the Canyon

of the Colorado.

- Analogous Conditions Elsewhere.
Red Sea.

We find conditions analogous to those of the Gulf of California in the

Old World. The Red Sea, for example, also occupies a great trough or valley

about 1200 miles long, extending northwesterly and southwesterly over nearly

twenty degrees of latitude, from approximately 12° to 32°, from the Indian

Ocean nearly to the Mediterranean.

It appears to have been cut off from a former connection with the

Mediterranean by the deposits which form the Isthmus of Suez.

The Gulf of Suez, at the north end of the Red Sea, extends N. N. W.

for 170 miles, with an average width of 30 miles. Its shores may be regarded

as a portion of the Isthmus reclaimed from the sea ; the former limits of the

ocean waters can be traced for several miles inland.
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In each of these great continental longitudinal valleys great graphic

changes have resulted from deposits of silt-laden rivers.

The Red Sea has been shortened by the deposits from the Nile, and the

Red Sea of California by the deposits from the Colorado.

Indus Delta.

The phenomena of the Colorado Delta, especially changes of channels,

find a close counterpart in those of the Indus Delta. This river, rising in

central Asia in the mountains of northern India at the northeastern extension

of the Himalayas, flows south and westerly and empties into the Arabian Sea

about 25° north latitude. It there forms a delta 10,000 square miles in area

with a coast line of 125 miles. It exhibits a net work of abandoned channels

and "lost rivers," calamitous in their drying up, reducing thousands of square

miles of a once fertile and inhabited country to waste and solitude. Channels

once filled with flowing water are oren forsaken. The flow oren shirs sud

denly and many dry channels are ler. Great changes in the source of the

river took place in the last century. The length of the main channel abandoned

was not less than 100 miles. There is evidence that shirings of the river bed

have been going on through all ages.

An inland sea once covered the Rann of Kachh (or Cutch) and the

region is sometimes flooded during the season of the southwest monsoons.

The rate of advance of the shore line of the delta is rapid. It is stated

that in ten years the advance of the banks at the river mouth is 3 1/3

geographical miles, or 1/3 of a mile yearly. It is estimated that the river

brings down 217 millions of cubic yards annually.

Persian Gulf.

Changes very similar to the displacement of the waters of the Gulf of

California by the Colorado Delta have been in progress in other parts of the

world, notably at the head of the Persian Gulf, which, within a comparatively

recent period, extended 250 miles further to the northwest than the mouth of

the combined stream of the Tigris and Euphrates.

San Joaquin Valley.

In the interior valley of Upper California, which is topographically an

extension of the great trough of the gulf, there are also analogous conditions

of delta and lacustrine deposits. In the valley of the Tulares there are broad

regions of level lacustrine clays where evidently there were formerly broad

lakes of fresh water, represented today by the chains of shallow residual lakes

from the Buena Vista, to the Kern and the Tulare. These lakes, ever varying
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in their extent according to the water supply, owe their origin as separate

sheets of water to the diversion of the San Joaquin River by its own detrital

deposits from a southern and land-locked, to a more northern outlet leading

to the sea. The delta deposits of this river, by extending into and across this

interior valley divided it into two parts near its center so that the floods of the

San Joaquin which once swelled the volume of the Tulares were finally with

drawn into the Bay of San Francisco and the sea at the Golden Gate.

*******

All such river and lake deposits, both of the Old World and the New,

are remarkable for their fertility and capacity for sustaining large popula

tions. From this point of view the value of the Delta of the Colorado can

scarcely be estimated. It fully justifies the great cost of its reclamation and

control of the water supply for the benefit of this and future generations.
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PART II.

SOME SCIENTIFIC FACTS OF GENERAL INTEREST

ABOUT THE SALTON SEA

ABSTRACTS BY H. T. CORY OF VARIOUS SCIENTIFIC MONOGRAPHS.

Under the direction of Dr. D. T. MacDougal, of the Carnegie Desert

Laboratory at Tucson, Ariz., the Carnegie Institution of Washington, D. C,

has recently (1914) issued a volume as its Publication 193, "The Geography,

Geology, Floristics and Ecology of a Desert Basin—A Study of the Saltorr

Sea," being a collection of quite technically scientific monographs by a number

of scientific experts in various lines. The abstracts of two of these which

are of general interest have been prepared by the author and are given

herewith.





I. THE CHEMICAL COMPOSITION OF THE WATER OF SALTON

SEA AND ITS ANNUAL VARIATION IN CONCENTRATION.

by dr. w. h. ross

Preliminary Analyses.

A preliminary examination of samples taken at intervals from different

points in the Sea showed the water was saltiest in the shallow regions

overlying saline flats and least salty at the surface of the deep parts of the

lake. June 10, 1906, when the maximum depth was 60 feet, a sample taken

ll/2 miles from the shore near Mecca contained 4016 parts of total solids

per million; another from about 100 feet from shore, 6974 parts, while a

third collected within a few feet of the shore near Travertine Point where the

water was shallow and covered a saline deposit contained 11,528 parts.

A few months later, October 11, 1906, a marked increase in uniformity

had taken place. A sample taken from shallow water near the shore con

tained 3632 parts of solids and another from a half mile out yielded 3596

parts.

During the first ten days in February, 1907, when the lake had reached

its maximum volume, a number of samples from different points on the lake

and at different depths showed very little differences in total solids and

chlorine content, the minimum and maximum total solids being 3218 and

3418 on the surface, while the absolute maximum was 3520 found at a depth

of 60 feet about V/i miles off shore from Salton where the water was 84

feet deep. The corresponding figures for chlorine were 2380, 2500 and 2590

respectively. One sample, taken a few miles from the mouths of the New

antl - Alamo rivers through which only a short time before flowed fresh

water from the Colorado River, was exceptionally less salty, having only

2588 parts solids and 1850 parts chlorine, but this was of course to be ex

pected. The fact that the greatest concentration was found near the bottom

at a depth of 60 feet would indicate that leaching of salts from the lake bed

was still taking place.

Therearer samples were taken June 3, 1907, and each year following,

from a point 4 miles southwesterly from Mecca Landing in approximately

the same location.

Methods of Analysis.

The methods used were those best suited for determining the concen

tration of the various constituents and known by extensive use to give

accurate results. All determinations were carried out in quadruple and when
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it was thought necessary blank determinations were made of the reagents

used.

Yearly Increase of Total Constituents.

In order to make comparisons from year to year correction must be

made because samples were not collected at exactly the same date each year.

To bring the results as of June 3rd of each year it was assumed that the

daily evaporation during the last week in May and the first two weeks in

June is iy2 times as great as the average daily evaporation for the whole

year.

Table 1. Percentage Yearly Increase of the Total Constituents

Dat.

of

Sampling

Jun. 3, 1907..
May 23, 19118.
Jun. 8, 1909..
May 22, J9I0.
Jun. 3, 1911..
June 10, 1912
June 18, 1913.
Jun. 12, 1914

The great increase during the first year period is doubtless because the

water had not yet reached a state of equilibrium with respect to the solids in

the bottom of the lake. The "total solids," which includes in addition to the

"total constituents" as given in the table, the water of occlusion and hydration,

were 10,025.6 parts per million on June IS, 1913, so that the water at that

time was almost exactly 1 per cent brine.

From the completed yearly analyses it was found that the concentration

of the principal constituents with respect to the water increased each year in

almost the same proportion as the total constituents. Some variation took

place, however, particularly calcium, potassium and carbonate ions—the total

potassium, carbon dioxide, as also the bicarbonate radicle, show an actually

less concentration in 1913 than in 1912. The ratio of potassium to sodium

has decreased from 1 to 48.3 in 1907 to 1 to 94 in 1913. This decrease is

probably due to a slow reaction of the potassium contained in the water

with minerals on the bottom of the lake.

Variation in Concentration of the Lake at Different Points in 1911.

Estimating from the rate at which the volume of water is decreasing

and the amount of salt in the lake at the end of each year period, Mr. E. E.

Free, of the Arizona Agricultural Experiment Station at Tucson, Ariz., has

Total Consotuents in pa.ts pe. million
Chlorin. Pe...ntag.

D.termin.d Cal.ulat.d .al.ulated a.arly in

in .oll..ted Corr..oon fo. Jun. 3.d fo. June 3rd .r.as. of th.

samples of ea.h year of .a.h y.ar .onsotuents

3549.3 00.0 3549.3 1697.5

4262.7 427.0 4289.7 2062.5 20.9

5006.1 —14.7 4991.4 2042.0 16.2
5821.7 +42.0 5863.7 2789.3 17.4
6972.8 00.0 6972.8 3394.2 18.9
8226.5 —36.5 8190.0 3938.4 17.6
9699.6 —57.5 9642.1 4712.9 17.7
11434.0 —37.0 11397.0 5576.0 18.1
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shown that the increase in salt content of the lake is greater than can be

ascribed to evaporation alone, and that the total amount of salt in solution

is increasing instead of remaining constant or decreasing as might have been

expected from deposition of salt on the shores as the water recedes. In

order to determine if continued leachings of salts from the lake bottom is

an important factor in this connection, analyses were made of a number of

samples taken in 1911 from the surface and from the bottom of the lake at

different points and on the same day as the regular sample was taken. It

was shown by these examinations that the lake is now remarkably uniform

in composition. In very shallow places near the shore the salinity of the

water was slightly excessive, doubtless due to washing back recent depositions

by occasional local rains, but samples taken from the bottom of the lake at

a point, as near as could be determined, where the old salt beds were, had a

salt content agreeing almost exactly with that of the other samples from the

main body of the lake. From this it appears improbable that any appreciable

leaching is now taking place and that the salt beds have disappeared. Con

sequently any increase in the total salt content which may be occurring must

be due principally to incoming waters.

Composition of the Salts Leached Out From the Bottom of the

Salton Sea.

Since the present water in the Salton Sea conies from the Colorado

River, the excess of its constituents, expressed in parts per million over that

brought in by the river water must represent the composition of the salts

leached out from the lake bottom. By means of relative values showing

the variation in the discharge and the analyses made by Prof. R. H. Forbes

and W. W. Skinner throughout the year, January 10, 1900 to January 24,

1901,* of composites of samples collected almost daily from the Colorado

River at Yuma, the mean composition of the river water in a year may be

readily calculated. In this way the composition of the salts leached out

from the bottom of the Salton Sea was calculated from the excess of the

constituents of the lake water over that of the water from which the lake was

formed. The samples •taken June 3, 1907, showed that about 90 per cent

of the salt (sodium chloride) in the lake water had been taken up from the

lake bottom, about 42 per cent of the calcium, 71 per cent of the magnesium,

and 66 per cent of the sulphate radicle.

If it is assumed that all the salts deposited by the evaporation of the

original lake were again taken up by the present lake then the constituents

of the original lake were as shown in column C of Table II.

*Bul. No. 44 Arizona Agri.ultural Exp.riment Staoon, 1902.
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Comparison Between the Composition of the Water of the Salton Sea

and Other Natural Waters.

Table II gives the composition of Salton Sea water and that of several

other salt water bodies. In order that the table may make readily apparent

the variation in the composition of the different waters, the constituents are

expressed in percentages of the total constituents. At the bottom the con

centration in total constituents of each water, designated as "Salinity," is

given in parts per million and in percentages of the water.

Table II. Composition of Various Noted Salt Water Bodies.
 

A " B C D E F G H

Sa00tonS00 Sa00t•S00 Sa00t•S00 (Origina00) Co00o.ado Ria.at

Yuma Gr00t

Sa00tL^k.
D00dS00

Ana00i.i. Ana00isi.
Ca.pia

S00

O..an Wat.r

1907 1913

Na 31.29
0.55
2.80
1.81
0.02
0.26

32.30
.34

1.97
1.62
.01
.16

47.38

33.14
0.30
1.37
1.55

19.75
2.17

24.70
0.56
2.29
5.97

30.59
1.11
1.20
3.72

33.39
1.08
0.42
2.50

13.39
2.37
4.79

K
Ca 10.35

3.14Me 11.85
Tra..AlaOa+F.aOa

| 0.03
SiOa 3.04

19.92CI 47.83
T.a.e

52.62
Tra..

42.04 55.29
0.19
7.69

56.54 65.22
2.08
0.29

Br 0.05
23.99SO00 13.41 12.46

1.13
11.00 28.61 5.97

CO2
COa 1.85 13.02 0.37 0.21 0.01
HaOi 1.57

1.06Other .onsotu.nts ... 0.08

100.00 100.00 100.00 100.00 100.00 100.00 100.00 100,01)

Salinity

Total .onst,
pe. million

3.553.9 9,699.6 695.9 12,940.0 35,190.0 195,580.0 222,834.0

P....ntag.
of water

0.355 0.97 0.070 1.294 3.519 19.558 22.283

A. Salton S.a, according to Analysis of 1907.

B. " " " " " " 1913.

C. Original Salton Sea. Supposed .omposioon as .alculated from the .xcess of
the .onsotu.nts of the present lak. in 1907 over that found for the Colorado
Riv.r.

D. Colorado Riv.r at Yuma, Arizona. M.an of s.ven analys.s, made at inter
vals of about two months, of composites of sampl.s aolle.ted almost daily
betwe.n January 10, 1900, and January 24, 1901. Analys.s by R. H. Forbes
and W. W. Skinner, Bull. Ariz. Agri. Expt. Sta. No. 44 (1902).

E. Caspian S.a. M.an of five analys.s by C. Sahmidt, Bull. Acad. St. Pet.rs
burg, 24, 177 (1878).

F. O.ean Wat.r. Mean of 77 analyses bv W. Dittmar, H. M. S. Challenger,
Physics and Chemistry, Vol. 1, p. 203 (18S4).

G. Great Salt Lake. Analyses by J. E. Talmage, S.i.nce, 14, 445 (1889).

H. Dead Sea. Analysis by F. A. Genth, Ann., 110, 240 (1859).

If the assumption is correct that the salts leached out from the bottom

of the Salton Sea represents approximately the composition of the original
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lake then this must have resembled in a striking way the composition of the

water of Great Salt Lake.

The salts taken up by the Salton Sea likewise resemble in a general

way the composition of the salts in the ocean. The higher sodium, the

lower potassium and bromine, and the probable absence, or low proportion,

of carbonates in the former are the principal points of difference. The

concentration, however, of the former lake which deposited the salts taken

up by the present lake was no doubt much different from that of the ocean

for at its maximum volume the total salinity of the present lake was only

about one-ninth that of sea water. Consequently if it be assumed that the salts

taken up by Salton Sea originally came from the evaporation of the sea

water without loss from being covered up with silt, then the volume of

water which could have evaporated must have been much smaller than the

present lake.

There is strong geological evidence on the other hand that a former

lake existed in Salton Basin much larger than the present lake. It might be

assumed that this original lake was once in contact with the ocean, and that

the greater part, but not all, of the salts were buried beyond reach of the

present water in the lake. If this were the case then it would be expected

that the salts taken up by the water would have a similar composition to

the salts found in bittern waters, or at least would be decidedly different

from the ocean type of salts originally deposited.

Since no such difference , is noted it seems safe to conclude that the salts

which have been taken up by the Salton Sea are not of ocean origin but

have a similar source with the salts in Great Salt Lake ; and that if the

Salton Basin were at some former time filled with sea water all salts con

tained therein and deposited when the water evaporated, must have been

completely buried beyond the action of the present water of the lake.
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II. GEOGRAPHICAL FEATURES OF THE CAHUILLA BASIN.

by mr. godfrey sykes.

General Description.

As now defined, the Colorado Desert may be considered to include the

area between the Coast Range on the west and southwest; the Colorado

River on the east; the San Bernardino and Chuckawalla Mountains on the

north ; and to merge, without any very definite limits, into the eastern

bajadas of the peninsula mountains to the south—some 8,000 square miles

in all.

Topographically the Colorado Desert is divided into two main and

parallel basin areas which merge at their southeastern extremities in the

alluvial plains of the delta of the Colorado and are separated elsewhere by

the Cocopah Range of mountains.

The Pattie Basin, which is the smaller and most southerly of the two,

lies almost wholly within the Republic of Mexico. It has not as yet been

fully examined or described, but we know that its central and lowest portion

is occupied by a fluctuating lake or lagoon, fed by overflow from the lower

Colorado, and it is probable that the bottom of this depression is many feet

below sea level.

The basin to the north and northeast of the Cocopahs, which constitutes

the main portion of the Colorado Desert, and to which the name Cahuilla

Valley was given by Professor Blake, has the general form of an acute-

angled scalene triangle, the apex of the triangle being at the summit of the

San Gorgonio Pass, between the San Bernardino and San Jacinto Mountains.

The extreme length of this triangle is about 185 miles and its width at the

base about 75 miles. The floor of the base is roughly spoon-shaped, gradually

dropping from its southeastern end for a distance of about 140 miles, until

it has attained a depth of 265 feet below sea level, and then rising with

increasing rapidity until at the summit of the San Gorgonio Pass it has

risen to an elevation of some 2,500 feet above. An area of sandhills and

gravel mesas toward the northeast and a piedmont district which lies

between the Superstition Mountains and the main escarpment of the

peninsula range, complete the area under consideration.

Early Maps and Exploration.

Our real knowledge of the Colorado Desert extends back but few years

and is still, in many important respects, far from complete, but we know

the Spaniards approached the region, if they did not actually penetrate it,

within a few years after the discovery of the New World.
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The first expedition to explore the head of the Gulf of California and

examine the circumjacent region was the one sent out in 1540 by Don

Antonio de Mendoza, the Viceroy of Mexico, under the leadership of Fran

cisco Vasquez Coronado.

 

Coronelli's Map of North Am.rica (1688) in Library of Am.rican
Geographi.al Soci.ty in N.w York City.

Pedro de Alargon journeyed up to the mouth of the Colorado River

by sea, and examined some parts of the Delta, and later in the year Coronado

sent Melchoir Diaz, with a small party, overland from Corazones to co

operate with him. Diaz reached the river, but failing to meet Alar^on, he
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crossed it on rars, and was arerwards accidentally killed while on the

west side. He has, however, ler an account, as recorded by Castenada,*

of reaching a land of "hot ashes and volcanic rumblings," which no doubt

refers to the mud volcanoes near Volcano Lake.

Castillo, the pilot of Alargon's squadron, made a chart of the head

of the gulf, which appears to have been first published by Lorenzana in

Mexico in 1770t and is doubtless the earliest authentic map we have of

the region. Castillo's interest, however, was chiefly that of the mariner, and

he made little attempt to portray inland features.

 

D.tail from th. Rocque's Map, Showing the Combined Stream of the
Colorado and Gila flowing; into a lak. not .onn.ated with the Gulf.

The knowledge gained by this expedition was evidently the inspiration

for the charts of all the early cartographers such as Joannes Cimerlinus,t

Plancius,§ Mercator,|| WytflietH Wytfliet's map shows the area of sand

and mud banks at the head of the gulf and is by far the best and most

interesting of these early charts. Whoever his authorities may have been,

they clearly had some first-hand knowledge of the country.

*"The Journey of Coronado," Castafieda d. Nagera, translaoon by Geo.

Park.r Winship, Barn.s, New York, 1904.

f'Lor.nzana y Buitron, Historia de Nueva Espafia, 1770," In Briosh

Mus.um.

^Briosh Museum, Maps, 70 d. 1. 1566.

fBriosh Museum, Maps, 920 (279), 1590.

||A .opy of M.r.ator's Map of 1569 is to be found in the library of th.
Ameri.an G.ographi.al Soci.ty of New York. It is included in Jomord's Atlas,

and shows the influ.n.e of Casollo's work very plainly.

^Briosh Museum, Maps, 71, C. 7, 1598. Anoth.r .x.ellently pr.serv.d .opy
of this map Is in the library of th. Am.rican G.ographical So.iety, N.w York.
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The western river, which figures so prominently in nearly all of these

early maps, although it appears merely as an estuary or entrance to a lagoon

in Castillo's own chart, is clearly meant for the Hardy, and it is not at all

improbable that in the days of these early navigators and cartographers the

Hardy, the Colorado, and the comparatively insignificant channel which is

now known as the Santa Clara Slough, may all have entered the gulf by

separate estuaries, and each carried a running stream. Indeed there is some

reason for surmising that this latter channel may at that time have con

stituted the main mouth of the river.

Spanish interest in these distant and inhospitable lands began to wane

arer this early attempt at their exploration, and it was not until the

memorable journey of Father Kino in 1702 that any real addition was made

to our knowledge of the region. Two other maps of that general period are

interesting in that they both show all of California as an island.* Kino's

map, which is carefully drawn and fairly accurate, was published in various

forms some years later.t and shows two mouths to the Colorado, but as

his detail to the west of the river is obviously less complete than it is else

where, this omission of the estuary shown by Castillo may be regarded as

inconclusive.

Father Fernando Consag was contemporary with Father Kino, and a

very interesting manuscript map showing the results of his work in the

gulf exists in the British Museum.t His exploration was carried on by

boat and extended some distance up the Colorado. Penciled range marks

upon the original map indicate that his chief observational station was upon

the south end of Angel Island, and his survey was mainly a marine and coastal

one.

At some time subsequent to the journeys of Fathers Kino and Consag,

some other explorer or explorers must have penetrated the region, and the

result of this work is to be seen embodied in the remarkable map of John

Rocque.§. This map is unique in several respects. The unusual accuracy

of its detail over most of North America; the evidence that the cartographer

must have had at his disposal very complete sources of information in

regard to the Southwest ; but chiefly, as far as the scope of this paper is

*One by Coronelli (1688), copy of which is in th. library of the Am.rican
G.ographical So.iety in N.w York City, and anoth.r by De Fer (1720), which
pla..s Alargon's gulf with its associat.d rivers at about the c.nter of the strait
which separates California from th. mainland.

tA N.w Map of North America, by Bus.bius Fran.is Kino, London, 1786.

Briosh Mus.um, 699, 15 (31).

tAdd. MSS., 17660 C.

§Briosh Museum, K. 118. 32. A divided copy of this same map also exists in
the library of the American Geographical Society, New York.
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concerned, from the fact that it clearly shows the combined streams of the

Colorado and the Gila flowing into a lake, and having no connection with

the gulf.

The nomenclature throughout the region shows knowledge of the work

of Kino, but this very radical feature in the topography is clearly due to

the work of some explorer of whose work we as yet know nothing more.

A fairly comprehensive search for and examination of the early maps

of the southwest has been made in the hope of finding some conclusive

evidence of former fillings of the Salton Basin within historic times, and

this map at least seems to indicate that such a diversion of the river water

towards the west has been known to travelers at some time between 1706

and 1760. With this clue it is probable that further search may result in

giving us positive information upon the subject. A common tradition

amongst the Indians of the region points to the fact that such a filling of

the basin has taken place within comparatively recent times, in which the

water extended "from mountain to mountain.'1

Father Pedro Font traveled in and explored the region in 1776, and

doubtless crossed the Colorado Desert at least twice, and also reached the

shore of the gulf on the west side of the river. His map shows a large

irregular opening still further to the west than his own approach to the

gulf, and here again we may have the western opening of the early explorers,

or another interpretation of the Lake of Rocque.* Father Font was the

last of the Spanish explorers to add anything to our knowledge of the delta

or desert, and his work was followed by a virtual blank of over firy years.

Mode.n Exploration.

James O. Pattie was the first of more recent explorers to reach the

head of the gulf. He, with his party of trappers, journeyed down the lower

Colorado to tidewater in January, 1828, and during February of the same

year they crossed the basin beyond, on their way to the Spanish settlement

at San Diego.t

Lieutenant Emory marched across the basin in the latter part of 1848,

and seems to have reached the shore of the Salton Lake.t

Major Heintzleman, Commandant at Yuma, visited the mud volcanoes

near Volcano Lake in 1852, and these were arerwards visited by John Le

Conte,§ and others.

*An excell.nt r.producoon of Font's map is to be found in the "Diary and
Ionerary of Fran.isco Garcfis," by Elliott Coues, F. P. Harp.r. N.w York, 1900.

t"The Personal Narraove of James O. Patoe," of Kentucky. Edited by

Timothy Flint, Cin.innao, 1833.
tNot.s of a "Military Reconnaissanc. from Fort L.av.nworth in Missouri to

San Diego in California," by W. H. Emory. Govt. Print. Washington, 1848.
§"American Journal of Science and Arts," vol. XIX, May, 1855.
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The Patt'ie Basin Barrier.

The extensive alluvial region which forms the barrier between the

gulf and the Pattie Basin is in reality a continuation, past the partial

obstruction offered by the Cucopah Mountains and sundry small isolated

hills, of the main delta slope until it has met and become incorporated with

the shore of the peninsula. In general character the country is low and

flat, cut into by numerous tidal channels from the gulf side, and subject to

much tidal and river overflow. It is probably but few feet above sea level

at any point, but as no detailed surveys or observations have as yet been

made in this region, our knowledge of it is far from complete.

THE CAHUILLA VALLEY.

The Salton Sink.

The total area of the Cahuilla Valley is about 8,000 square miles, and

out of this total an area of approximately 2,200 square miles lies below sea

level and doubtless still represents with fair accuracy the former limits of

the upper extremity of the gulf. This depressed portion of the valley floor

is nearly surrounded, at a slightly higher level, by a conspicuous ancient

shore line; and as thus inclosed and defined is generally known as the Salton

Sink. Its total length is about 100 miles and its greatest width 35 miles.

It is roughly elliptical in form, with its major axis extending from 32° 35'

N. and 115° 20' W. to 32° 45' N. and 116° 15' W. There is a break in the

inclosing shore or beach line of about 14 miles at the southeast end of

the ellipse, and this space has been the entrant point for an immense prism

of sedimentary material, which has almost covered the floor of the ancient

gulf. A rough computation, based upon the assumption that this ancient

gulf floor was approximately level, gives the contents of this prism at about

17 cubic miles, this volume representing the amount of solid matter deposited

by the Colorado within the area since its isolation from the sea, and there

fore further indicating the quantity of river water which must have flowed

into and been evaporated from the inclosed basin since such isolation was

accomplished.

The Ancient Shore Line.

The tides in the head of the Gulf of California rise to a great height

and are at times very violent,* and this energetic tidal action has been

*The ode tabl.s of th. U. S. Coast and G.od.o. Survey give the rat.s of
range b.twe.n th. entranc. to the Colorado Riv.r and the port of r.fer.n.e, San
Diego, as 5.65. The .xtreme fidal rang. in San Diego is about 8.50 f..t, so that
under .xc.poonal condioons a odal range of 8.50x5.65, or over 50 f.et, may
easily b. exc.eded at the mouth of the river. This tallies with th. writ.r's own
observaoons, a range of over 45 f..t having been measur.d upon mor. than one
oaaasion.
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mainly instrumental in building up along the surrounding shore line strongly

marked beach ridges, raised in exposed situations to heights of 20 or 30

feet above mean sea level.

The extent and character of the beach terraces surrounding the Salton

Sink at once suggest their common origin with the above—the same great

tidal action. With the exception of the opening mentioned above, the beach

line around the sink is nearly complete, generally conspicuous and discerni

ble from a great distance, and about 235 miles in total length.

It should be borne in mind, however, that all this beach material must

have been subjected to much washing and rearrangement by lacustrine wave

action since the cutting off of the basin from the sea, and it has probably

been literally rolled and pushed up the shore slope in the exposed situations

in which this action has been most vigorous and as the progressive building

up of the delta dam has raised the spillway toward its present height above

sea level, the marine shore line in its original location has thus been

obliterated. The prevailing winds in the Cahuilla Valley are from the west,

and we may therefore find that a great deal of the observed difference of

level in the shore line has been due to this same wave action, inasmuch as

there is a general discrepancy of about 15 feet between the two sides of

the sink, the northeastern, the more exposed one, being higher than the

southwestern one, which has been sheltered under the lee of the mountains.

The shore line has been regular and unbroken along the northeast side of

the former lake, but upon the southwestern one it has come against the

mountain walls in several places, and has in general been much more

irregular and diversified, the Superstition and other mountain masses having

thrust forward as bold promontories. One small group of islets has existed

about midway along the northeastern side of the lake, and about 6 miles off

shore when the water was at the highest level. This is the small hill ridge

to the northeast of Durmid Station on the main line of the Southern Pacific

Railroad. It still bears unmistakable signs of having been subjected to the

heavy assaults of surf for some considerable period.

Recent History.

A good deal of water still passes through both the Alamo and the

New River, but this is merely the overflow from the irrigation, canals, and

it is quite improbable that with the interests now at stake in the Imperial

Valley and the close watch kept upon the river by the engineers, any further

uncontrolled incursion of water will be allowed to take place.
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In the region of the lower delta, however, conditions are very different.

Here we have a large, wayward and silt-laden river, thrown out of balance

by a temporary diversion, and always hampered at its mouth by great and

violent tides, wandering at present virtually unchecked over a large area of

friable alluvium with downward grades in several directions.

All these conditions tend, as may be readily imagined, toward a condi

tion of instability and possible geographical change. In fact, it is probable

that even if the Colorado and the general drainage conditions through the

Alamo and its associated channels had not been interfered with in any way

by the operations of the irrigation engineers, another diversion of the river

water towards the west was about due from the natural causes outlined above,

and would in any case have ensued within a few years.

It is furthermore evident that as so much of the flow of the river

during the growing season of the early spring is now diverted and utilized

for agricultural purposes, and as the bed of the river in its lower reaches is

left practically dry during the period of most rapid growth of the delta

vegetation, its obstruction and elevation will be more rapid and the stability

of the irrigation and protective works menaced more and more unless adequate

measures are taken for controlling and sorting the flood waters of the early

summer upon the upper Colorado.
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The Colorado Rive. Water Shed,

by h. t. cory.

Extent.

The water shed drained by the Colorado River is a triangle with its

apex near the Yellowstone National Park and its base extending from

Yuma, Ariz., to about 100 miles east of. New Mexico's southwest corner. Its

altitude north and south is about 800 miles and it has a width varying from

300 to 500 miles with an area of approximately 262,500 square miles. This

region includes about one-fourth of Wyoming, almost the western half of

Colorado, the eastern half of Utah, one-sixth of New Mexico, the whole of

Arizona, and relative small portions of Nevada, California and old Mexico.

Almost one-fourth of this territory is drained by the Gila River which

empties into the Colorado at Yuma, Ariz.

For map of the entire watershed and of the various important tributaries

see Fig. 1, page 1207, of "Irrigation and River Control in the Colorado River

Delta," being Part IV of this volume.

General Characteristics.

What is known as the Colorado River is the stream formed by the

confluence of the Grand and Green Rivers in the southeastern part of Utah.

In reality the Green and Colorado constitute one continuous river, having

an entire length of about 2,000 miles.

Speaking by and large, the lower one-third of the water shed has an

elevation of only a few hundred feet above sea level with occasional mountain

ranges rising from 2,000 to 6,000 feet high. The line of demarcation between

this portion and the upper two-thirds is quite distinct and consists of a

vertical offset or line of cliffs presenting a bold, and in many places almost

vertical, step of hundreds up to thousands of feet, to the upper table land

or plateau above. This larger portion of the drainage area is from 4,000 to

8,000 feet above sea level and is bordered on the north, east and west by

snow-clad mountain ranges which reach altitudes varying from 8,000 to

14,000 feet above sea level. Through this higher plateau, the main river

and its tributaries have cut down deep, narrow canyons, the most remarkable

erosion in nature being that portion in northwestern Arizona known as the

Grand Canyon, just below the mouth of the Little Colorado, and the Marble

Canyon just above. Generally speaking the whole plateau portion of the

drainage area is traversed by a net work of these canyons, practically all

of which are dry during the greater part of the year—indeed, except when the
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light snow fall of the region melts and runs away, and during the brief

seasons of flashy autumnal and spring rains. Wherever tributaries enter

the larger branches and main rivers, side canyons occur, having narrow little

valleys in which are found willows, cottonwood, box elders, etc., but with

these exceptions, all but the mountainous regions are generally forbidding

and desert-like in character.

Arer emerging from its canyons, the Colorado River flows through a

successions of valleys, bordered by low ranges of mountains and hills, and

separated from each other by relatively narrow gorges at such points as these

mountains approach the river on both sides. These lower river valleys begin

a little above Mojave City, something more than 400 miles above the river's

mouth, and end at the Yuma Valley, which begins at Potholes and is prac

tically a part of the delta cone. At the relatively narrow gorges just men

tioned, one would naturally expect favorable locations for dams but quite

a number have been examined with respect to the depth to bed rock and in

no case has rock been found continuous from one bank to the other with

borings 100 feet deep. In its course through the lower valleys, the river

is a broad shallow stream, generally 600 to 800 feet in width. Whenever it

flows within the alluvial banks of recent formation it is at or above a bank

full stage during full flood. At the higher stages with a falling river, the

tendency to cut away concave banks is very marked, as much as several

hundred feet of bank being cut away within a few weeks but when straight

reaches occur they oren remain unchanged for a considerable period of

years.

The Drainage System.

The drainage system is made up of the Green River heading in Wyoming;

the Grand, originating near the northern Colorado line; the San Juan, near

Durango, Colorado ; the Little Colorado, in western New Mexico ; the

Virgin River, from southwestern Utah ; Bill Williams Fork, from Western

Arizona; and last, and in many respects the most important of all, the Gila,

from Arizona, New Mexico and Old Mexico. The watersheds drained by

these rivers have distinctive climatic, topographical and geological character

istics; the variations running from heavily timbered mountains on the

highest portions of the Continental Divide to the most forbidding low lying

desert areas on the continent ; from regions world-famed as summer resorts

to those where the heat equals that in the Sahara Desert; from granite

mountains to plains of silt almost as fine as ashes. The channel of the

Colorado itself varies from the widest, the deepest, the longest, and the
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grandest chasm on earth—the Grand Canyon of the Colorado north of

Williams, Ariz.,—to the most shifting, wandering and erratic of beds in the

sorest and finest of alluvial soil—from Yuma to the Gulf of Lower California.

These are but a few of the remarkable features of the freak river of this

continent and possibly of the world, everything considered.

The Green River.

The Green River Basin is rudely triangular in shape, bounded on the

north and east by the Wind River Mountains and the ranges forming the

Continental Divide ; on the north and west by the Gros Ventre and Wyoming

Mountains and the Great Wasatch Range ; and on the south and east by the

White River Plateau and the Roan or Book Cliffs. Its greatest length north

and south is about 370 miles, its greatest width east and west approximately

240 miles, and it includes a large part of southwestern Wyoming, north

western Colorado and northeastern Utah.

It contains approximately 44,000 square miles and its altitude ranges

from 14,000 feet at the highest peaks to 3,800 feet where it joins with the

Grand to form the Colorado proper.

The Green River rises in a number of small lakes fed by glaciers and

immense snow deposits on the Fremont and nearby mountain peaks on the

western slope of the Wind River Mountains in western Wyoming; then runs

in a general southerly direction through western Wyoming, across the Utah

line, then turns eastward until just over the Colorado line into the State of

Colorado; then turns abruptly southwesterly to well within the State of

Utah; and finally southerly to its junction with the Grand in the southeastern

portion of Utah. Its length, not considering the smaller turnings, is about

425 miles.

The upper part of the watershed is extremely rugged and fairly heavily

timbered, the stream flowing through a succession of long deep, narrow

canyons, with walls from a few hundred to as many thousand feet high

separated by short valleys containing small tracts of arable land. About

one-eighth of the Green River drainage area is timbered land, chiefly Engle-

mann spruce and lodge-pole pine, and there is a considerable woodland area

in addition.

The winters over the upper basin are severe and most of the waterways

are heavily covered with ice for several months, while in general the summers

are pleasant and cool but nevertheless there is sufficient warm weather for

crops with a relatively short growing season.
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Considerably more than half the basin is broken plains on which the

average annual precipitation seems to be about 9 inches; over the remainder

the average rainfall varies from 10 to 15 inches, and on small areas in the

highest mountains increases to in excess of 20 inches. On the plains the

winters are usually open but there is ordinarily an abundance of snow in the

high mountains and in many seasons immense quantities of it, the melting of

which keeps the stream at flood stages for a considerable time in the late

Spring and early Summer. It is this run-off which produces the annual

Summer flood in the Lower Colorado, which begins about April 1st, reaches

its maximum about July 1st and goes down to normal about August 15th.

Excellent reservoir sites are found on the headwaters of the Green and

its tributaries, the most important being the Brown Park site on the Green

River in Utah and Colorado where a 200-foot dam will store 2,500,000-acre

feet. Indeed a very considerable portion of the flow could be equalized by

storage.

The Grand River.

The Grand River basin extends to the White River and Book Cliffs on

the north ; to the Continental Divide on the east and southeast ; and to the

Canyon district of the Green River on the west. Its greatest length north

east and southwest is about 270 miles, its greatest width southeast and north

west approximately 155 miles, and it includes the western part of Colorado

and a small area in Utah.

It contains approximately 26,000 square miles of which 3,700 are in Utah

and the rest in Colorado, and its altitude ranges from about 14,000 feet in the

peaks of the higher mountains to 3,800 feet at its junction with the Green

River.

The Grand River has its source in one of the high peaks of the Rocky

Mountains in north central Colorado and flows in a general southwesterly

direction to its junction with the Green, traversing 350 miles. All of its

important tributaries enter it from the south or its Rocky Mountain side.

The Grand is a typical mountain stream, watering a very rugged, mountain

ous region especially in the upper portions where, like the Green, its course is

a chain of deep narrow canyons and long narrow fertile valleys. Its grades

are steep and the tributaries which enter it are rapid, the fall varying from

20 to 100 feet per mile. The middle section of the basin consists generally

of broken and scarred plateaus of sedimentary origin, while the lower portion

lying along either side of the western Colorado state line is a dry, broken

region much eroded on account of the very scant vegetation. The upper half
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of the basin is at an elevation of from 7,000 feet up to the higher figures,

and the forest covering is good and equal to any along the Continental Divide,

in spite of a considerable area having been forested over. The trees are

spruce, quaking-asp, cedar and pinion.

The climatic conditions of the Grand River drainage basin are essentially

similar to those in the Green River basin, namely; severe winters and cool

summers in the upper part, and lower down, winters fairly open.

In the upper part of the basin there are extensive meadow lands and in

the central part there are numerous areas easily irrigable by the Grand and

its tributaries. The precipitation varies from 5 to 10 inches in the lower

areas ; 10 to 20 inches in the central portion ; and up to 20 and 30 inches at

the very head waters. Of course, by far the greater portion is snow which

melts and causes high water in the Grand River at very much the same time

as in the Green.

Natural storage is limited to a few high mountain lakes, the largest of

which is Grand Lake. There are, however, storage reservoir sites through

out the region, the most important of which is the Kremmling site, the

largest in Colorado, which is located near the upper end of the basin, and

where with a 230-foot dam, 2,200,000-acre feet of storage could be obtained.

San Juan River.

The San Juan drainage basin is generally elliptical, being 225 miles long

east and west and 170 miles north and south, and contains about 24,500 square

miles. The river rises in the high peaks of the San Juan Mountains in

southwestern Colorado ; flows southwestward into New Mexico ; there turns

sharply to the west and northwest and runs across the very southwestern

corner of Colorado into Utah ; and then westerly about 20 miles north of the

Arizona line for about 70 miles to where it enters the Colorado. Its sources

are the snow masses on the San Juan Mountains in Colorado, and for the

first 75 miles it is a typical mountain stream. At Canyon Largo, New Mexico,

where it turns west, it begins to flow in a broad, sandy, winding channel in a

narrow valley bordered on each side by terraced mesas. About 30 miles below,

where it crosses into Utah, the valley narrows and the river flows through a

deep box canyon to its mouth. It drains portions of Colorado, New Mexico,

Utah and Arizona.

The altitudes in this basin range from over 13,000 feet in the highest

mountains to between 6,000 and 7,000 feet at the Colorado line, 5,300 feet at

the mouth of the Las Animas River and 3,500 feet where it enters the Colorado.

Its topography ranges in type from the mountainous portion at the
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headwaters in Colorado, to the valleys, plateaus, and eroded mesas typical

of the Utah, New Mexico and Arizona deserts. The timbered lands in the

area aggregate nearly 2,000 square miles of merchantable timber and 400

square miles of woodland and sage brush. The mountain slopes in the

vicinity of Durango, Colo., which were originally timbered with spruce and

yellow and white fir have been considerably cleared by lumbering.

Climatologically speaking, the winters are severe at altitudes greater

than 7,500 feet, while below 6,000 feet they are comparatively open and mild.

A great deal of land in the San Juan, Animas, Florida and La Plata

River valleys and other small tributaries in Colorado is under cultivation and

irrigation, as well as several thousand acres in New Mexico. In Utah and

New Mexico the average precipitaticn is from 10 to 14 inches ; in the lower

part of Colorado about 15 inches ; and it ranges up to 25 inches in the highest

points in the basin. At elevations above 7,500 feet most of this, of course,

is heavy snowfall so that the late Spring is the period of annual high water,

although the greatest flood on record occurred in September, 1909.

There are numerous small lakes high up in the mountains which tend

to equalize the flow of several tributaries, and numerous available reservoir

sites, chief of which is the Turley site on the San Juan River, below the

mouth of the Pine, with a storage capacity of about 1,500,000-acre feet.

The Little Colo.ado River.

The drainage area of the Little Colorado River consists of a high

plateau extending from the Continental Divide in northwestern New Mexico

westward to the San Francisco Mountain in Arizona and from the Grand

Canyon of Colorado southwest to the Mogollon Plateau. It contains approxi

mately 25,000 square miles, of which 5,000 square miles are in Arizona and

the rest in New Mexico. Its altitude ranges from 4,000 to 10,000 feet, being

about 8,000 feet at the rim of the Grand Canyon at where the river discharges

its waters into the Colorado. The high parts of the watershed are fairly

rugged and timbered, but in general there is little vegetation, and the area

largely devoted to grazing, with small irrigated tracts here and there and

widely separate. The winters are mild and open and the summers are hot

and long. The precipitation of the region averages nine inches annually and

consists to a small degree of snow.

The little Colorado is a flashy stream, practically dry except for sudden

violent floods. Excellent reservoir sites exist in the basin, the most important

of which are at Woodruff and St. John, Ariz., having capacities considerably

in excess of the water available.
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The Virgin River.

The Virgin River is the only stream of any importance entering the

Colorado from the right or the north and west side. It heads in the south

west portion of Utah and running through the very southeastern corner of

Nevada enters the Colorado River about 15 miles west of the Arizona line.

It drains a watershed typical of the northern Arizona region, having an area

of 10,000 square miles and an elevation of 2,000 to 10,000 feet. Generally

speaking the influence of this stream on the Colorado River at any time is

relatively insignificant.

Bill Williams Fork.

This stream drains an area bounded by the Juniper, Tonto and Har-

quahala Mountains on the south, the Chemehuevis Mountains on the north,

and has a total area of 5,500 square miles. None of the region is timbered

and the vegetation is very scant. The elevation varies from 500 to 7,500 feet

and the climate is hot and arid. The average annua! precipitation is low and

the stream is of interest in connection with the Colorado River solely because

of the tremendous run-off which follows very heavy, sudden rain storms

throughout the region when the flow of the Colorado itself is low. In this

way its effect upon work being done upon the lower river in winter time may

be quite large and serious. ,

The Gila River. , ,

The Gila River rises in west and southwest New Mexico, running in a

general westerly course across Arizona, and empties into the Colorado just

above Yuma, about 25 miles above the Arizona-Old Mexico boundary line.

Its drainage basin's greatest length east and -west is about 400 miles ; its

greatest width north and south 225 miles ; and it includes the southwest

portion of New Mexico, the southerly half of Arizona, and a considerable area

in Old Mexico. It contains approximately 64,600 square miles.

The mountains where it heads have elevations of from 7,000 to 8,000

feet while the river where it crosses the Arizona state line has an elevation

of 6,000 feet. The fall of the river is considerable as it goes west until at

Florence, 180 miles farther on, where the river debouches on the plain, it

has an elevation of 1,500 feet; 75 miles west of this point it is joined by the

Salt River. This latter stream is to so great extent a different river that the

bed of the. Gila from this point to the junction with the Colorado River may

properly be considered as*a -joint track" for the Salt River and Gila River.

Both the Gik and Salt draitmmountainous desert country, where the

winters are very mild and the summers hot and arid. Nevertheless there are
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about 7,000 square miles of merchantable timber and 11,000 square miles of

woodland scattered about on the higher parts of the drainage basin. On

45,000 square miles, though, there is no timber whatsoever.

The average annual precipitation varies from less than 3 inches at

Yuma up to 10 and 15 inches for the higher portions and rising to in excess

of 20 inches in the highest mountains at the headwaters. Nevertheless the

lower reaches of the Gila—that iis from Florence westward—are ordinarily

almost dry and in the late summer frequently absolutely dry. The total run

off is subject to remarkable variation, and it is an exceedingly torrential

stream in which short and violent floods may occur at any time throughout

the year, but are more to be expected in the late fall and winter months.

These violent floods in the Gila and in the Salt are far more to be

feared and reckoned with in preparing and conducting engineering work

along the Lower Colorado River than anything coming down the Colorado

River proper. Relatively unimportant floods, of course, occur in the Colorado

proper due to heavy rainfall over the drainage areas of the Little Colorado

and Virgin rivers and from the Bill Williams Fork. Its only serious floods,

however, are those due to the melting snow on the higher portions of the

Green, Grand and San Juan watersheds. These latter always come up

slowly and their time of occurrence and their extent can be accurately known

for considerable time in advance, because of the excellent information

obtainable from the Weather Bureau concerning the condition and amount

of snow and the weather conditions over the various parts of the drainage

basin ; the considerable time required for flood waves starting in the upper

regions to reach the Lower Colorado, and the modification of flashy flood

waves from above before reaching Yuma.

On the other hand the Gila and Salt have their period of so-called but

indifferently high water, usually occurring in the late summer and early fall,

due to the summer rain throughout the region, at a time when the Colorado

proper is low. The low water season in the Gila and Salt occurs in June and

July when the Colorado is in its annual summer flood. The widespread and

intense precipitation, however, which oren covers large portions, and occa

sionally almost the entire watershed of the Gila and Salt, throws immense

quantities of water into the steep winding river bed and causes floods which

come and fall with almost incredible rapidity. The hydrograph of the flood

of November 29, 1905, as indicated in Plate XLVII facing page 1290 of

Part IV, shows the river rose at Yuma at the rate of a foot an hour for

about 10 hours and fell with almost equal rapidity to about one-third the

peak discharge.
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As a natural consequence of such sudden rises, the oncoming waters

become heavily laden with large quantities of drift-wood and silt, picked up

from the wide stretches of bottoms through which they pass ; but, when the

river falls again rapidly, much of this drift becomes stranded in the bed and

is left ready for the next flood. The drift passing Yuma on November 29,

1905, just before the peak of the most violent flashy flood, since complete

records have been kept, was reached, almost completely covered the water

surface.
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From almost every point of view, the Lower Colorado River, and

particularly the Colorado Delta, is extremely interesting. Ever since

its examination and description by members of Lieut. Williamson's

exploration party in 1850, the various features, geological, geographical,

anthropological, engineering, and otherwise, have been written about.

In 1905 the diversion of the Colorado River into the Salton Sea and

the events which followed it were so spectacular as to result in world

wide notoriety.

While engaged in re-diverting the river, the writer became im

pressed with the fact that the experience and information obtained

should be made available to the Engineering Profession, and since

then he has constantly been gathering data to that end. In February,

1907, a general paper on the subjectf was contributed to this Society

by C. E. Grunsky, M. Am. Soc. C. E., then Consulting Engineer to

the Secretary of the Interior in United States Reclamation Service

matters; so that, before giving detailed information, it seemed best

to wait until time should have revealed the strong and weak points

* Pr.s.nted at th. me.ong of January 8th, 1913.

t "Th. Low.r Colorado Riv.r and th. Salton Basin," Transa.oons, Am. Soc. C. E.,
Vol. LIX, p. 1.



IRRIGATION AND RIVER CONTROL, COLORADO RIVER 1205

of construction and methods. Since then, experience with the control

of the Lower Colorado River, and as local executive head of the

immense irrigation project of the Imperial Valley, has brought the

conclusion that the various possible vicissitudes of irrigation enter

prises in the United States have been so well exemplified in the region

as to justify setting forth such experience in considerable detail.

Ordinarily, more information is secured from failure than from

success; consequently, no apology should be due for pointing out

failures as well as successes in a paper, the functions of which are

primarily to furnish useful engineering information.

The Colorado River.

The United States Geological Survey has observed the discharge

of the Colorado and its several tributaries since 1895, and the results

are to be found in its Annual Reports and later in the Water Supply

and Irrigation Papers, especially Nos. 249 and 269, on the Colorado

River Basin. At various times 169 gauging stations have been main

tained, and there are 76 at present.

General Discharge Characteristics.—From the data obtained at

these stations, the discharge characteristics of the tributaries and main

Colorado River are pretty well determined. The discharge records

of the Green River, at Green River, Utah, the lowest gauging station

above its mouth, and where the drainage area above it is 38 200 sq.

miles, indicate a maximum flow of about 75 000 sec-ft., a minimum

flow of about 700 sec-ft., and an average annual run-off of about

5 000 000 acre-ft. The greatest discharge is in June, averaging about

1 600 000 acre-ft. ; the annual rise starts about April 1st, : reaches its

peak in the middle of June, and has passed by August 1st.

The data obtained on the Grand River indicate a proportionately

great run-off and very much the 6ame distribution throughout the

year. The records, taken at Turley, N. Mex., on the San Juan River

until December, 1908, and since then at Blanco, indicate an ordinary

flood maximum of about 15 000 sec-ft., a minimum of 75 sec-ft., and

an average annual discharge of 1000 000 acre-ft., but with a much

longer period of summer flood than in the Green and Grand.

The maximum flood discharge of the Little Colorado when it enters

the Colorado River is not known, but is probably about 50 000 sec-ft. The

floods are short and violent, and carry large quantities of silt in
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suspension, in which regard the stream is similar to the Gila and Salt

Rivers.

The Gila at Yuma is often dry, and has a maximum flashy flood

discharge of probably 185 000 sec-ft. with a total average annual run

off of 2 750 000 acre-ft. Flashy floods have been known to occur in

every month of the year except May, June, and July, at which times

the Colorado has its maximum flow.

Power.—Excellent reservoir sites have been found on the head

waters and along the main channels of the various tributaries, by

utilizing which a considerable portion of the flow could be stored for

power and irrigation. Such storage would equalize the discharge,

that for power having the greater relative influence. There are at

present no water-power plants of any importance whatever in the

whole drainage area of the Green River. A total of approximately

40 000 h.p. has been developed in the Grand, 7 000 in the San Juan,

and 20 000 in the Gila Basin, in connection with irrigation construc

tion. No data seem to be available as to the amount of energy which

it is commercially practicable to develop under existing conditions

on these various streams—it is obvious that there must be a vast

difference between the figures for theoretically possible and for com

mercially feasible developments.

Irrigation.—The water of the streams making up the Colorado is

already utilized for irrigation to a considerable extent. The oldest

and largest development in the basin is perhaps that on the upper

Green River, in Wyoming. Recently, large irrigation systems have

been constructed in the Duchesne River Easin, and there is consider

able irrigation around Vernal, and also Green River, Utah. Along

the White and Yampa Rivers, in Colorado, meadow irrigation is

extensively practiced, and projects are on foot for the irrigation of

from 200 000 to 300 000 acres in this section.

Similarly, in the Grand Basin, there are extensive meadow lands

in the upper part, and a half dozen small projects in contemplation for

the Middle Basin which together would irrigate about 35 000 acres.

In the Lower Basin is the Grand Valley Project, covering an irrigable

area of 70 000 acres, and the Uncompahgre Valley Project, which,

when completed, will irrigate about 150 000 acres, both by the United

States Reclamation Service. Under other schemes, from 40 000 to

50 000 acres more will be irrigated.



IRRIGATION AND RIVER CONTROL, COLORADO RIVER 1207

MAP

OF THE

COLORADO RIVER

WATER-SH ED

f st.ne

Nati.na■

fen

SCALE OF MILES

i

i

O M I N G

i

i

 

WlUUms Dam'
Q SIU

mm. "&L».3i* &

^KCf^ E

 

 

' w*f Cam

366,... Sq.MI. *

SCM-t/FO/LVAil

ViEl Fas.

j %\

ra■.
CO X

Fig. 1.



1208 IRRIGATION AND RIVER CONTROL, COLORADO RIVER

Quite a little land along the San Juan, Animas, Pine, Florida,

and La Plata Rivers, and the small tributaries of the San Juan,

in Colorado* is now under cultivation, and also several thousand acres

of valley land in New Mexico, but, as yet, irrigation has largely been

confined to the bottom lands. The greatest probability of future irri

gation development in this basin is in San Juan County, New Mexico,

where it is said that probably 1 000 000 acres of fertile lands are excel

lently adapted for irrigation and for which the water supply is ample.

The average annual run-off at Turley dam site is probably more than

1 000 000 acre-ft., the reservoir at that point having a capacity of

1 500 000 acre-ft., and the total stream flow at Shiprock, below the

mouths of the Las Animas and La Plata Rivers, is more than 3 000 000

acre-ft.

In the Little Colorado River Basin there are scattered a few

relatively unimportant- patches of irrigated land, and the U. S.

Reclamation Service has investigated and found feasible the irriga

tion of approximately 70 000 acres in the vicinity of Holbrook, by

constructing storage reservoirs at St. John's and Woodruff, Ariz.

There are also irrigation possibilities in the Virgin River and Bill

Williams Fork Basins, but their total area is relatively unimportant,

as far as concerns their effect on floods, or the irrigation of lower lands.

There are excellent opportunities for irrigation in the Gila River

Basin, chief of which are the projects examined by the U. S. Reclama

tion Service in the vicinity of Alma and Lordsburgh, N. Mex. At the

latter point there are 250 000 acres of almost unbroken and very

fertile land which could be irrigated by the stored water of the Gila

River, although at considerable expense. Other good storage sites exist

at San Carlos on the Gila, and at Roosevelt on the Salt, the latter hav

ing already been utilized by the U. S. Reclamation Service by build

ing the famous Roosevelt Dam, behind which can be stored 1 100 000

acre-ft. of water. With this water, about 200 000 acres of land will

be irrigated directly, and power will be generated for pumping water

to nearly 60 000 acres more. In addition, there is an excellent reservoir

site on the Verde River above McDowell, and large tracts of land on

the Gila River in the vicinity of Solomonville and of Florence, Ariz.,

are now irrigated.

Along the Colorado River itself there are storage sites at Bull

head Point and at another point about 6 miles above the Laguna Dam
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near Yuma, while there are irrigable lands between Mohave and Yuma

aggregating some 400 000 acres. , , , ;

Table 1 is a summary of the areas above Yuma which are now

irrigated, in a technical sense, although much of this territory, no

doubt, is. watered in a very unsatisfactory manner.

TABLE 1.

' h ' . ' .• h '

' ' District. Acres. A.res.

. . , .

Colorado Riv.r dir.at i 19 000
255 000
80ri OfW

16 000
B7 000
12 000
16 000

230 000
7 500

Gre.n Riv.r and tributaries

..enibm i Mil

• - f' •; Hi t. r
vlrgfnMve^0 Bi?.r tributarl.a• W t

Saattering (other tributaries) 917 500

Additional Irrigable Lands above the Yuma Valley.

Abov. the Grand Cafion
Colorado River Vall.y below rohav. .h. .

Th. Gila Drainage Basin

 

450 000
40(1 0U0
400 000 1 250 000

Irrigable Lands in the Delta.
 

Yuma Project
Imp.rial valley in the Unit.d Stat.s
Imp.rial Vall.y in Mexi.o
Oth.r lands in Mexi.o—east of the Colorado. 1 190 000

Grand total . 8 857 500 acres.

TABLE 2.—Approximate Storage Possibilities of the Basin.

=

ALTa•1aai,

h
1

Gr..n Rive., in.luding th. B.own Park I
G.and Riv.r, including th. Kr.mmling R ^rvoirsfte*; : : : : : :::::::::;:

8 000 000
8000 000

50 000
100 000

1 500 000

Bin WiSanrnFork: iKtt'Wiil'. '. i ! oiiKl 1 (t 1 1 11:: 111::::!1111
San Juan

;;;;;::;;;::;;;;;::;:::;;;::;::::::::Vi.gin Riv.r

SHOOOO
Colo.ado, below rohav. and abov. Yuma  

»ar...i mucn•.•.... ■..n .r.. h

 10 150 000 +

It must be borne in mind tfcat all the figures in Tables 1 and 2

are for developments which are theoretically possible, and they would
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have to be more or less seriously reduced to be correct for commercially

feasible developments, on account of the excessive cost and the

formidable character of the silt problem. • h

Discharge at Yuma.—Observations of the gauge heights of the

Colorado River have been made by the Southern Pacific Company

on its bridge at Yuma since 1878. , .The U. S. Geological Survey has

maintained a gauging station at this point since 1895, using rating

curves for discharge reductions until 1902, since . which time careful

current-meter observations have been made every 3 or 4 days. Table

3 contains the data thus collected for the 18-year period, 1894 to

1911, reduced to averages.

TABLE 3.—Annual Discharge of Colorado River, at Yuma, Arizona,

!.. from 1894 to 1911, Inclusive. . .
 

Year.

1894
1895
1896
1897
1898
1899
1900
1901
1902
1908....
1901
1905
1906
1907
1908
1909 '..
1910
1911

Mean.

M.an, in cubi. feet
p.r s..ond.

7 400
9 900
9 000
12 400

9 400
11 700
8 400

15 600
18 900
27 800
26 800
35 100
18 900
35 800
19 700
24 600

17 070

Total
acr. fe.t.

1.' i Iiil.'.iW .iit 'ivirtl/.
5 390 000
7 162 000

itnal

6 515 000
9 039 000
6 581 000
8 870 000
6 798 000
8 495 000
6 127 000

11 329 000
10 119 000
19 710 000
19 475 000
25 500 000
18 700 000
26 000 000
14 335 000
17 839 000

12 388 000

The minimum annual discharge was observed in 1894, and the

maximum in 1909. The discharge has been strikingly greater since

1902 than for previous years, but too much dependence should not

be placed on the data obtained prior to 1902, at which time very

frequent current-meter observations were commenced. The lowest dis

charge was probably 2 400 sec-ft. in January, 1894, the average for that

month being only 2 510 sec-ft. ; the greatest was 149 500 sec-ft. on June

24th, 1909. The smallest total discharge for one month was 154 100

aere-ft. in January, 1 894, and the greatest Was 6 250 000 acre-ft. in

June, 1909.
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TABLE 4.—Mean Monthly Discharge of Colorado Riveb,1894 to 1911, Inclusive. 

1 1 1 i u i • ! 1 ' i ; ,1 -.I M vl'i'l"" v•in \..n

Month. Cubic f..t per
• second.

Total, nieun monthly,
in acr.-feet.

1.

Jan uary

sx

450 400
466 900

787 800
978 200

2 104 200
8 000 000
1 819 200
832 700
586 9110

F.bruary i

April.::;::;:::::;:::::::::::.::;:::::;::::::;::
12 830
10 380
34 280
50 500
29 (i30

June ;

O.tobe.

m IitZ
D..ember.. 7 060 483 200

17 080 ,2 369 400

The record for 1908 is given by months in Table 5 as typical

of the monthly variation. The lesser disturbances caused by the floods

from the Gila in the autumn are very well shown; in this case, the

maximum discharge from this source occurs in December, instead

of from the Colorado in June. h '
 

. h ' nii i;.'i

TABLE 5.—Monthly Discharge of Colorado Eiver

at Yuma, Arizona, for 1908.

(Drainage area, 260 000 sq. mil.cs.)

Uiw Jp'ubn ta

Discharg., in S.cond•F..t. Run Oaa.

ronth.
•linw '.ili

Depth, in

Maximum. rinimum. Mean.
P.r squar.

mile.
in.hes, on
drainag.

Total, in
a.re-f..t.

ar.a.

January 7 400 5 6IK) 6 320 0.028 0.03 389 000
February 45 000 6 300 14 200 0.Q63 0.07 817 000
rarch 33 000 10 100 1G 100 0.072 0.08 990 000

35 000 12 900 17 800 0.079 0.09 1 060 000
ray 83 000 23 000 27 200 0.121 0.14 1 670 000

61 700 30 000 42 900 0.191 0.21 2 550 000
July 53 800 18 900 82 600 0.145 0.17 2 000 000

36 100 18 800 24 800 0.107 0.12 1 490 000
19 300 7 000 11 400 . 0.051 0.06 078 000
20 600 6 600 9 510 0.042 0.05 585 000

Novemb.. ........ 10 200 6 000 8 090 0.086 0.04 481 000
72 500 6 000 15 900 0.071 0.08 978 000

; . .: | „. 1 ; .

The year 72 5110 5*Xi 18 900 0.084 1.14 13 700 000

Necessity for Storage.—The figures for the discharge at Yuma show

that, in an ordinary dry year, the Colorado, without regulation, will

serve an area' not greatly exceeding 500 000 acres. On the other hand, in



1212 IRRIGATION AND RIVER CONTROL, COLORADO RIVER

an ordinary dry year, with fairly complete regulation—that is, with

2 000 000 acre-ft. of water storage—this river will serve 1 500 000 acres,

and any supply held over from wet to dry years would add to the reserve.

It is conservative to assume at present that no reservoir site on the

Colorado below the Grand Canon can be utilized, on account of the

apparent absence of rock foundations for dams in the river, and,

even if other things were favorable, the tremendous quantity of silt

in the water means a heavy reduction in the reservoir capacity which

could be obtained. Indeed, it has been seriously suggested that by

the construction of a series of such dams, the silting up would in

time create large areas of excellent land, one above the other.

Above the Grand Canon, the Kremmling Reservoir site, on the

Grand River, and the Brown Park Reservoir site, on the Green River,

would together store approximately 4 500 000 acre-ft., and thereby

add much more than 1000 000 acres to the irrigable lands of the

Arid West. When it is considered that the present irrigated area of

Southern California, exclusiye of the Imperial Valley, is less than

300 000 acres, the potentiality of storage along the Colorado is startling.

Another very important feature of water storage along the river

is the marked effect it would have in decreasing the difficulty of

controlling the Lower Colorado River. Levee construction and bank

protection must obviously be designed to guard against maximum

floods, and it is these which the storage basins would affect to the

greatest degree. The completion of the Roosevelt Dam, which will

hold back 1 100 000 acre-ft. on the Salt River, will in future un

doubtedly reduce to a considerable extent the dreaded floods from the

Gila River. . .

Rise of the Bed at Yuma.—If the measured discharge of the river

at various heights is used in making a rating curve, and this curve

is extended back, by means of the gauge readings, to 1878, the results

would indicate that the quantity of water formerly passing Yuma

was materially less than at present. As a matter of fact, the average

low-water plane has constantly risen, and a comparison of the gauge

heights by 10jyear periods beginning with 1878 shows the following

average elevations:

1878 to 1889. .. ............ . 114.5 ft.

1890 " 1899. <■. 116.6 "

190O; " 1909i'.. 117.4 "
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The low-water plane at the end of 1909, however, was 3J ft. lower

than during any of the six preceding years, which included the period

of diversion into the Salton Sea. Indeed, it was lower, by more

than lJ ft., than 20 years ago, and only 0.8 ft. higher than during

1878-79. The reasons for this interesting condition of affairs will be

considered later.

Following conventional practice, the endeavor was made for a

long time to establish a rating curve for the Yuma gauging station,

but this was found to be impossible. The reason is that the bed is

eroded during high water and silted up during lower stages, thus

fundamentally changing the cross-section, not only for different gauge

heights, but for the same gauge heights at the beginning and end of

 

a high-water period. The reason for the exaggerated extent of such

action is as follows: The Colorado at all times carries considerable

silt, the quantity and character, of course, depending on the velocity

of the water. Assuming a given discharge, and conditions of equi

librium, the bed of the river will have a given slope, the water will

have a certain velocity, and will carry a certain quantity of sediment,

none of which will exceed a definite size or specific gravity. If

the volume of water increases, the water section and hydraulic radius

will increase, and will result in greater velocity, which will give

greater silt-carrying capacity. Conditions at the outfall or mouth

are determined and temporarily unchangeable,- therefore it follows

that the grade of the river will automatically tend to flatten itself by
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picking up additional quantities of silt and carrying them along.

When the volume of water decreases, the velocity will slacken, re

sulting in carrying less silt, and the bottom will rise with increasing

slope until equilibrium is again established. This condition of af

fairs results in surprisingly great changes at Yuma during long periods

of high water. In 1907 and again in 1909 it was found that for an

increase of 10 ft. in the gauge height there was a lowering of the bed

of approximately 30 ft., making the total increase in depth of water

almost 40 ft. In other words, the grade line drawn from the bottom

of the channel at Yuma to the average water surface in the Gulf of

California had 30 ft. more fall, from Yuma down, at the beginning

of the summer floods of 1907 and 1909, than when the peaks had just

been passed. A few weeks after the first of these floods had entirely

passed, the bed of the river had been restored to its usual low-water

position. ' .'

When flashy floods occur, there is not sufficient time for this

action to take place to a marked degree, and therefore the flashy

rise of November 28th, 1905, having an estimated discharge of only

115 000 sec-ft., reached a gauge height of 31.3 ft., whereas the maxi

mum discharge in the summer flood of 1909 was 149 500 sec-ft. and

the gauge height was only 29.2 ft. In other words, the flashy floods

do not have time to render the river channel more efficient before

the maximum demand is made on it.

The increase in the gauge height of the low-water plane is due

to the same general action. As the river builds the delta farther

and farther into the Gulf of California, the bed must rise all along

the line, of course, taking averages of considerable periods of time.

According to Capt. J. H. Mellon, of Yuma, Ariz., who for a great

many years navigated the Lower Colorado, the delta fan has ex

tended out into the Gulf more than 6 miles in the past 40 years.

Assuming the fall of the river in the lower reaches at 1.2 ft. per mile,

the rise in the bed should average 1.2 ft. in 6§ years, or approximately

0.2 ft. per year. These figures are about what the hydrographs seem

to show, namely, 2 ft. per 10-year period. , : .' . ,. .

Effect of 1909 Flood.—The fact has been mentioned that the low-

water plane at the end of 1909 was only 0.8 ft. higher than during

1879, and this becomes much more striking when the general eleva

tions for the entire period are shown by a curve. There were two
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factors which tended to produce such a result: first, the diversion of

the river through the Abejas to the west during the summer flood of

1908, and the lowering of the river bed at that point; and second, the

effect of the Laguna Weir basin, which existed as such for the first

time that year.

It seems very probable that the Abejas diversion was the smaller

influence, in spite of the fact that at the time it was generally

considered to be the only factor of importance. Undoubtedly, the

bed of the river, and consequently the surface of the water, lowered

rapidly while the diversion was becoming an accomplished fact. The

amount of such lowering could not have been more than a very

few feet at most, although it probably seemed much greater to

nervous and frightened observers.

Doubtless it was an important factor that the Laguna Weir had

been completed just before the beginning of that year's summer flood,

and created a reservoir having a capacity of perhaps 20 000 acre-ft.

The waters of the Colorado, heavily laden with silt, were here stilled

and their contents deposited. The large volume of water which passed

over the dam—the greatest ever recorded on the river itself—contained

little more silt than it would ordinarily during low-water stages. Con

sequently, it picked up and carried along the silt to an unprecedented

extent. As the waters, receded, the bed was built back to a very

much less extent, because there was still an extraordinarily small

quantity of silt in the water. Indeed, during this one season, the

basin formed by the Laguna Weir was completely filled and some

20 000 acre-ft. of mud were deposited out of the Colorado at this

point instead of being spread along the river bed thence to the Gulf.

Unfortunately, no sediment observations were made at Yuma dur

ing this flood period. Had this been done, the influence of the

Laguna Easin on the low-water plane would doubtless have been

approximately ascertainable. In any event, the gauge heights at

Yuma, for discharges of 30 000 and 10 000 sec-ft., respectively, platted

as ordinates, with the times as abscissas, as in Fig. 3,* for the period

of 1902 to 1912, show very clearly that there has been no serious

grade recession at Yuma due to the Abejas diversion.

* This method of platong s..ms to he th. only on. possible to show mu.h r.laoon, if
any at all, b.tween gauge height, dis.harg., and om. at the Yuma gauging staoon.
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Navigability.—In a technical sense, the Colorado River is navigable

from its mouth up to Laguna Weir, and again from there to The

Needles. This navigability was recognized when Mexico and the

United States entered into the treaty of 1848 regarding the Inter

national Boundary Line. By the provisions of this treaty, neither

country was to permit works which would interfere with navigation

throughout that part of the river which is a common boundary. In

a subsequent treaty (1853) this provision was abrogated, but the

United States guaranteed in lieu thereof a free and uninterrupted

passage of vessels and citizens as far as the river forms a common

boundary. As a matter of fact, the swift, shoal waters and the shallow

depth over bars in the river itself, together with a tidal bore at the

mouth, where the range of tide exceeds 30 ft., has resulted in prac

tically no commerce on the river below Yuma since the Southern

Pacific Railroad completed its track in 1876. At various times the

U. S. Army engineers have investigated the situation, but have al

ways reported that the navigation interests were not sufficient to

justify any expenditure for river improvement.

An Act approved April 21st, 1904, authorized the Secretary of

the Interior to divert water from the Lower Colorado River for irri

gation purposes and to construct a diverting weir across the river

at The Potholes, or Laguna, in which no provision whatever is made

for navigation.

Delta of the Colorado.

The Delta of the Colorado River of the West, at the head of the

Gulf of California, lies approximately between the parallels of 32°

and 33° N. and the meridians 114° 30' and 115° W. It is partly

north of the International Boundary Line between the United States

and Mexico, and in larger part south of that line. Its area, including

the Pattie Basin and the Cocopah Mountains, is approximately 6 000

sq. miles. It extends practically from the mouth of the Gila River,

at Yuma, westward to the rocky walls of the San Jacinto Mountains

and south to tide water of the Gulf, while on the north it blends

with the depressed area below the sea-level, from which the ocean

has been cut off by the deposits of the stream. Its general deltoid form

is shown on Pig. 4, together with the course of the main stream and

principal branches, sloughs, and overflow channels.
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The Lower Colorado River.—The Lower Colorado River may be

considered as that portion lying below the last narrows, at what is

known as The Potholes—the location of the Laguna Weir, of the

United States Reclamation Service. At this point the river debouches

 

upon the plain, and the valley on each side is bounded by diverging

mesas. About 13 miles below, and just above Yuma, the Gila River

joins it. The present location of this portion of the river is shown

on Fig. 5.

Alignment.—Below The Potholes there are two controlling points:

one is a peculiar knob of indurated clay at Yuma through the center
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of which the river channel has passed since the first advent of the

whites; the other is the granite hill known as Pilot Knob. The small

eminence at Yuma covers about 40 acres, and reaches a height of not

more than 100 ft. above the general level of the delta plain. A similar

though much smaller knob lies on the east bank of the river, about

1 000 yd. below and just to the south of the Southern Pacific Railroad

Company's line and bridge, and is occupied by the reservoir and

settling basins of that company. These peculiar topographical features

control the river, with respect to its location at Yuma, and at

Andrade, at the International Boundary Line, 8 miles farther down.

Grade.—The course of the river is quite winding, like every flashy,

silt-bearing stream with a relatively steep grade. The elevation at

The Potholes is approximately 140 ft. above sea level, and the distance

by the river is about 100 miles to the head of tide-water and 114

miles to the mouth at the Gulf. ThuS the general average fall is ap

proximately 1.3 ft. per mile.

Remarkable Vegetation.—Attention must be called to the dense

and varied vegetation throughout the region subject to the river's

overflow. Arrow weed grows in nearly impenetrable jungles; mesquite

and screw-bean trees occur in forests of varying density on older

established soil, while freshly deposited mud flats and banks are almost

immediately covered with seedling willows which quickly grow into

heavy timber. For instance, Professor Forbes counted on an area

5 ft. square 1 500 willow sprouts up to 20 in. high, and in another older

growth 90 young willow trees 20 ft. high.* Cottonwoods occur, but

are not abundant. Along the river banks and sloughs there are

dense thickets of common wild cane, which the Mexicans call carrizo,

with a densely matted root stock which affords great resistance to

erosion of the soil because the plant spreads both by means of these

root stocks and by sending long' slender stems or runners across the

mud flats to distances of 20 or even 30 ft., and these strike root at

every point, thus rapidly establishing the plant on newly made ground.

In marshy locations are found great fields of a plant with an immense

edible bulb used by the Cocopah Indians as a food, locally known as

tule. In addition there is the sesbania, or so-called wild hemp, which is

limited strictly to ground subject to overflow. It comes up from seed

* " The Low.r Cours.s of the Colorado," R. H. Forbes, in The G..at Southwest, Yuma,

Ariz., Vol. 1, O.t., 1906, p. 2.
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annually after the subsidence of the summer floods, stands in dense

thickets from 5 to 20 ft. high, and is often square miles in area.

This plant is also of interest because of its industrial possibilities.

In general, the vegetation of the delta is remarkable for the manner

in which plants of a kind mass together in areas, almost to the exclu

sion of other species, and for the remarkable density and immense

areas occurring in continuous bodies, strips, and patches, particularly

of willow, arrow weed, wild hemp, and carrizo.

Line Changes.—The entire Colorado River Delta has been said to

consist of alluvial silt. When the river is low the water wanders in a

devious way, along a very wide shallow bed in many places, and is

everywhere confined by banks seldom exceeding 10 or 12 ft. high.

During high stages these banks are overflowed at many points, and

in the case of severe floods such overflow is practically general. The

banks are thus wet and softened, and, when the river falls, caving

and side-cutting proceed wherever the current is thrown at an angle

against the . confining banks, and often with startling rapidity. At

the same time, the overflow water, being very heavily charged with

silt, is checked by the dense, matted growth, and at once deposits its

heavier particles, the smaller sizes being dropped a little farther down

stream, and so on. Thus the country is built up most rapidly at the

banks, and the land slopes away from the river at a constantly de

creasing rate. Indeed, the theoretical cross-section of the land sur

face away from the stream is a hyperbola. Of course, these slopes are

not identical at any two points along the river, but instrumental

data at present available show the general average fall to be about

1J ft. in the first 100 ft.; 3 ft. in the first 300 ft., and from 5 to 8 ft.

in the first 3 000 ft.

Although the coarser silt deposits are thus found immediately at

the river bank, there are several reasons why this has little prac

tical significance. The overflow water gathers in little channels which

follow the line of greatest slope and in general approximately away

from and down stream, the direction being the resultant of the gen

eral grade parallel to the river, and of the slope locally from the

river's banks to the abeyment on either side. Such overflow channels

build up their miniature beds and banks exactly like the main channel ;

they join to form overflow creeks, and these in turn form the over

flow rivers.
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As the level of the river rises higher and higher by such overbank

deposition, it is obviously only a question of time until an unusual

flood will produce sufficiently high velocities in some of these overflow

channels to cause a recession of their grades extending through the

river bank, thus diverting a portion of the water through the new

route. Ordinarily, as the flood recedes, such breaks are clogged with

drift and sediment, but sometimes the clogging action is not rapid

enough to counteract the opposing forces successfully, and in this way

radical and extensive changes of the river's course throughout the

delta occur. Usually, these changes are in the nature of cutting off

bends and thus shortening the channel.

At first thought it would seem that a diversion to the west would

be a very probable occurrence during any great flood, because, with

the constant extension of the delta southward, the gradient in that

direction has become less, and to the west, more, until the fall toward

the Gulf is much less than half as great per mile as that along former

courses to the Salton Basin. As a matter of fact, however, though

the overflow waters go down these channels with considerable rapidity,

the cross-sections for many miles from the river are exceedingly in

efficient, due to the dense vegetation, drift in the water, and occasion

ally, no doubt, to beaver dams.

In addition to the foregoing, there is another factor of importance:

The bed of the main stream for quite a distance on each side of the

International Boundary Line is excessively eroded during flood periods

and filled up during lower water stages, as has been fully explained,

so that, with a given flood discharge in the river, the water going

over bank constantly decreases in quantity, in depth, and in velocity,

and it is only the overbank flow which is important in connection with

the overflow channels.

Character of Local Silt Deposits.—These various actions result in

the formation of numerous little pockets throughout the inundated

areas, in which water is left standing after the recession of each flood.

Wherever this occurs the very finest of the silt settles out and, on

becoming dry, cracks in large, somewhat hexagonal, irregular cakes.

If the deposit is very thin, these cakes curl up when thoroughly dried

and are broken up and carried away as dust by the wind ; but when very

thick the cracks are sometimes 6 in. and even more in width at the

top and extend down 4 or 5 ft. Dust and vegetation accumulate in
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such gaping cracks, and the next flood deposits another layer of sedi

ment. Then, the heavier materials having settled first, the result is

that the pockets are arched over, thus producing underground in

terstices which must be carefully guarded against in levee and other

earth construction for holding back water.

The character of such deposits depends on the nature of the silt

carried in the overflow water, and thus it happens that it is usually

possible by examination to determine whether a deposit was made by

a flood from the Colorado, or from the Gila proper, or from the Salt

River.

The rate of such local deposition is sometimes startling. One in

stance the writer observed was due to the flood of 1905 which caused

the diversion of the river into the Salton Sea. This filled in the

ground on the left-hand side of the break about 3 000 ft. from the

old river bank over quite an area to a depth of 6 ft., or almost to

the roof of an Indian's ramada.

In this manner the Colorado River, from its exit from the Grand

Canon near The Needles, Cal., to about 3 miles south of Yuma, Ariz.,

has wandered about between its eastern and western abeyments, and,

where these were any distance apart, has built up alluvial valley

stretches which are practically level transversely.

The Principal Overflow Channels.—The overbank flow of the Colo

rado on the east side does not gather into channels of importance be

cause the eastern abeyment is near by, except far down the stream,

where there is what is known as the Santa Clara Slough. This,

doubtless, at one time was the river's main channel, and during the

severe summer flood of 1907 it carried so large a volume of water

that for a time it seemed probable it would again become the main

outlet of the river to the Gulf. This slough is about 40 miles long,

and empties into the Gulf about 20 miles southeastward from the

present mouth. This and the other smaller high-water channels on

the east side are of no material importance in the engineering opera

tions along the river.

By far the greater portion of the delta cone lies on the west side,

where there are five inundation channels of considerable importance.

These are shown on Fig. 4. In their order down stream from Andrade,

they are known as the Alamo, New, Paredones, Abejas, and Pescadero

Rivers. Without a thorough knowledge of them and their relation
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ship to the Colorado flood-waters, no satisfactory understanding of

the problems of the Lower Colorado, and the endeavors to handle them,

is possible. • •

The Alamo River, which was formerly often called the Salton or

Carter's River, has its gathering ground in the northerly edge of the

delta cone immediately south of Andrade. It follows somewhat closely

the southern end of the sand hills, at times in a well-defined channel

and again spreading out in broad swamp sections, known locally as
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lagunas. About 40 miles west of the Colorado it crosses the Inter

national Boundary Line, and occasionally its waters were doubtless

carried clear into the Salton Sink. The swamp areas, Las Lagunas,

were also drained in part by the Quail River, which emptied into the

Paredones. Farther down the Alamo there is a low area to the south

and west through which the overflow, waters from the great flood of

February, 1891, broke ovet from the Alamo into the New River, the

main point being at what is known as Beltran's Slough. The latter
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the Gulf through Hardy's Colorado, which i9 an important channel,

averaging perhaps 500 ft. wide and 20 ft. deep at maximum stages, with

a fall varying with the stage in the lake from less than 15 to more than

80. ft. in a distance of from 45 to 50 miles.

The engineering operations which resulted in the irrigation of the

Imperial Valley and its threatened destruction by inundation at vari

ous times since, have in very large measure been concerned with the

overflow channels just described. ' " '■•

Diversion to the West.—Regardless of the tendencies for and

against a fundamental diversion toward the west, the Colorado con

tinued to flow in its regular bed to the Gulf until 1905. There can be

no doubt that the .perations of the California Development Company,

and particularly in making an artificial cut from the Colorado River

into the Alamo Channel and the utilization of that channel as a main

canal, rendered the diversion to the west at that point, when it broke

through in 1905, very much easier and more probable of immediate

occurrence. Nevertheless, the behavior of the river since that time

indicates pretty clearly that a diversion to the west somewhere within

the first 25 miles below Pilot Knob was just about due, under natural

forces alone. The conditions of equilibrium had become unstable to

a degree, and this is the condition in which they are to-day.

Mesa, and Delta.—The high mesa land which forms the eastern

abeyment below Yuma extends therefrom almost south and into

Mexico. The river turns, crossing the valley almost from east to west

for about 5 miles, until it reaches the foot-hills forming the west

abeyment; then it turns more than a right angle, hugging these hills,

to the International Line ; and thence it flows for 80 miles, in a

remarkably direct general line, but little west of south, to the Gulf.

On the west side of the valley the foot-hills end at Pilot Knob, a small

mountain at the International Boundary Line, and the low mesa

begins. The edge of the latter runs southwest for 4 miles; then it

turns sharply directly west for 25 miles; then again it turns sharply

to a little west of north for 50 miles—the latter edge forming the east

side of the cut-off portion of the Gulf, Lake Cahuilla.

It is thus in a sense almost proper to say that the Colorado Delta

begins practically at the International Boundary Line between Cali

fornia and Lower Calif.rnia, and that, for the first 14 miles below that

line, the river is running on the very edge of the divide of the delta
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cones, on one side sloping northwest to the Salton Sea and on the other

to the Gulf. Furthermore, from that point the river (until 1908) was

in a ridge of its own making, which it was raising constantly, and

which is quite close to the eastern abeyment.

Pilot Knob.—Pilot Knob is a small, detached, and relatively abrupt

mountain lying just above the International Boundary Line on the

west bank of the river, and is one of the landmarks of the region. One

of its rocky arms extends almost to the present west bank of the river.

Fifty years ago the river had a pronounced bend, shown by the dotted

line on the map, Fig. 13, and hugged this rocky point until passing it.

The time when the shift of the river took place is not definitely known,

but, very fortunately, at present the alignment here for several miles is

almost straight.

It is quite significant that Pilot Knob is the lowest point along the

river where a canal can be taken out for the diversion of water, with

the diverting structure resting on solid rock. For this reason, it has

been considered as a strategic factor in the irrigation of the Imperial

Valley, but, in the writer's opinion, quite erroneously. The engineer

ing fetish of a solid rock foundation for structures for irrigation and

other purposes confining water, has resulted in needlessly spending

amounts of money in the United States alone which must aggregate

a tremendous sum. Perhaps no case is more spectacular than that of

Pilot Knob and its relation to the irrigation system of Imperial Valley.

Early Suggestions Regarding Salton Sea.—Almost the very first

explorers were interested in the Salton Basin and its various possibili

ties. The ability to create an inland sea by diverting into it the water

of the Colorado attracted much attention, and it was very seriously

suggested because of a supposed advantageous effect that it might have

on the climate of the entire region. On the other hand, the possi

bilities of irrigating the Colorado Desert by the waters of the Colorado,

which has since been accomplished, were not overlooked, work having

been done on many more or less serious propositions at various times.

Later Irrigation Projects.

In 1891 and 1892, the Colorado River Irrigation Company was

formed. Mr. C. R. Rockwood was placed in charge of the engineering

work, and, under his direction, the entire problem of irrigating the

Colorado River Delta was carefully examined and the important
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features fully worked out. The financial stringency of 1893 put an

end to the operations of this corporation, and in 1894 Mr. Rockwood

was forced to sue the company for his unpaid salary. In partial

satisfaction of the judgment which he obtained, the engineering rec

ords and data were taken over by Mr. Rockwood, and the Colorado

River Irrigation Company ceased to exist. Nevertheless, it is interest

ing to consider the plans then evolved by that corporation, or, more

properly speaking, by its. engineer, Mr. Rockwood.

 

Fi.. 9. ■ i ■

Plans of the Colorad. River Irrigation Company.—These plans

are outlined diagrammatically in Fig. 9, and show what is probably

the ideal system of diversion and canals for watering all the land

irrigable by gravity with the waters of the Lower Colorado. Events,

however, shaped themselves so that the water for Imperial Valley has

been, and is now being, diverted at Pilot Knob, and the U. S. Kecla-

mation Service has built a diversion weir at The Potholes or Laguna

to put water by gravity on all except the mesa lands in the s.-called



IRRIGATION AND RIVER CONTROL, COLORADO RIVER 1233

Yuma Valley. Mr. Rockwood contemplated taking water out at The

Potholes and installing in the main canal near Pilot Knob a sluice

way with which he intended to flush out the silt in the canal above

which escaped being deposited in and removed by hydraulic dredges fr.m

a short enlarged section of the main canal immediately below the diver

sion point, where the velocity of the water would be reduced. The

dredges were to be operated by electricity generated at the sluice-way.

The maps showing the detailed surveys of these canals are now in the

files of the California Development Company at its Calexico

headquarters. ,

The California Development Company.-—Mr. Rockwood, being thor

oughly imbued with the practicability and advantages of the project

to irrigate the Colorado Desert with the waters of the Colorado, under

took to carry, it through, and finally did so by means of the California

Development Company, under the engineering direction of, and with

funds supplied by, Mr. George Chaffey, of Los Angeles, Cal. At the

present time it is only important to say that, because of financial con

siderations, the engineering features were radically modified to divert

ing the water at Pilot Knob and utilizing a large part of the Alamo

overflow channel as a main canal to carry the water around to the

Imperial Valley, essentially as suggested by Lieut. Bergland in 1875-76.

In this way the diversion work at The Potholes was eliminated, and a

very cheap and quick method of getting, water into the valley was

arranged. By this decision the inclusion of the Yuma Valley as a

part of the project was abandoned. ' •i' • .- ; . ■ . • • .• -

The, Yuma Project, U. S. Reclamation Service.—As early as 1895

the Hydrographic Branch of the United States Geological Survey

began stream gauging, in California, starting with an allotment of

$5 000. More recently, the California Legislature has aided in the

work on the basis of appropriating sums equal to those set apart by

the United States. At the present time daily discharge observations

are made on about fifty, typical streams. Hydrographic investigations

throughout the Western States, not only helped to prepare the way for

national irrigation, but resulted in acquiring such hydrographic data

that when the Reclamation Act was passed, in 1902, the best opportune

ties for national irrigation projects were pretty generally outlined.

On account of legal and social complications elsewhere throughout

California, the Yuma Project was finally selected as the first to be
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commenced by the Reclamation Service in that State. On April 8th,

1904, a board of seven engineers recommended this project; on April

21st, Congress authorized the Reclamation Service to take water from

the Colorado and divert it by a weir which would close it to naviga

tion permanently above Yuma. On May 10th, 1904, the Secretary of

the Interior gave his approval, arid an allotment of $3 000 000 was

made.

There are approximately 75 000 acres of irrigable land under this

project in Arizona, and 15 000 in California. Of this area, 98% is

subject to the provisions of the Reclamation Act, the owners of private

lands having signed the necessary agreements to limit their holdings

to the size of the farm unit to be determined, and otherwise to con

form to the regulations required by the Service. A Water Users'

Association, consisting of the land owners of the project, handles

the affairs of the district, from the farmers' point of view, and has

contracted with the Secretary of the Interior to accept and use the

water under the usual conditions fixed in such cases by the Government.

The Imperial Valley should logically have been included as a part

of this project, particularly from an engineering point of view. How

ever, water had been delivered into the Imperial Valley for almost

3 years when the Secretary of the Interior approved of the Yuma

Project. In addition, there were complications—largely over-estimated

and far more apparent than real—due to the fact that it is prac

tically imperative to go through Mexican territory with canals to

serve the American Imperial Valley. The project, therefore, was

limited, for the present at least, to the irrigation of the Yuma Valley.

Fig. 5 is a map of the restricted Yuma Project. As it occupies

a position on the river above that of the California Development Com

pany's constructions, and for that reason in many ways has had a

very important influence on the whole irrigation of the Colorado delta

proper and related engineering problems, its essential features will

be briefly described first. These are a ■ diversion weir, and the levee,

canal, and drainage systems. The diversion is by an overflow weir of

the type developed by British engineers in their irrigation work in

India, and improved and used later on the Nile. It is of loose rock,

rests on a bed of river silt, is almost a mile long, very wide, quite

low, and is in general an exceptionally interesting arid expensive

construction.
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The next most unusual and interesting feature is the necessity

for about 74 miles of levees to protect, from the overflow waters of

the river, the greater part of the land to be irrigated. The canal

system, with the exception of the siphon under the Colorado, is noth

ing out of the ordinary, and the same is true of the drainage system.

The Yuma Project, U, S. Reclamation Service. ..

The project has proved very much more expensive than was origin

ally contemplated, the estimated cost being $3 000 000, whereas, the

construction expenditures up : to June 30th, 1910, were $3 617 472.71,*

exclusive of maintenance and operation charges and $100 000 of the

preliminary survey costs more properly chargeable to general investi

gations along the Colorado River than to the Yuma Project itself.

Work on the project was reported as 80.8% complete, but this estimate

was revised in April, 1911, and changed from 81.6 to 52.4%, making

the proper percentage completed on June 30th, 1910, about 51.8. On

this basis, the total coat will be $6 964 233, or approximately $77.25

per acre of irrigable land.

Laguna Weir.—The location and general design of this noted

structure were determined by the character of the bluffs on each side

of the last narrow point of the Colorado Valley, where they were

almost a mile apart, and the fact that borings disclosed no bed-rock

at reasonable depths in the river bed. Accordingly, it was decided

to build a low, wide diversion Weir of. the so-called "Indian" type.

The original design00 as shown by Plate XLIII, was constructed with

practically only one modification, namely, the interchange of the prin

cipal diversion from the Arizona to the California side.

Purpose.—The purpose of this structure, primarily, was to provide

for silting out the heavier particles carried by the river, during flood

periods especially, where such deposits could be sluiced out from time

to time and in such a way that river floods would certainly carry

them down stream. . , •.

Consideration will be given later to the silt problem, but it may

be said that the only way of keeping the large, heavy, valueless

particles of silt from getting into the distribution system, and clogging

it, is to provide a settling basin where the water for a short time will

either be practically still or the velocity reduced to not more than

* Ninth Annual Report, U. S. R..lamaoon Service, Washington, 1911, p. 81.
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0.5 ft. per sec, with freedom from eddy currents. Such deposits may

be removed either by sluicing out with large volumes of water at a

high velocity, or by using pumps, dredges, or some other kind of

machinery. It was estimated that in the main canal, originally de

signed to carry 1 600 sec-ft„ the volume of wet silt to be removed

therefrom daily was approximately 11 000 cu. yd. The sluice-way

method of doing this means a higher initial cost and certainty of

success, as compared with the very much lower cost, greater main

tenance and operation charges, and somewhat less certainty of opera

tion, for removal by machinery. The Laguna Dam (or rather weir)

consists essentially of sluice-ways at each end of the structure, with a

barrier between to hold up the water and afford a head for sluicing.

Sluice-ways.—The sluice-ways are controlled at their lower ends

by large, vertical, steel-plate gates which are raised and lowered by

electric machinery. The method of operation is to close the gates

and cause the water in the sluice-ways above them to become practically

still. The water thus held back quickly drops its heavier silt, while

the canals are supplied through flash-board regulator gates in the outer

sides of the sluice-ways, these gates being so long that a thin stream

of water running over the tops suffices, and no water from near- the

bottom, where the sediment is greatest, is ever taken. From time to

time, as may be necessary—and this varies greatly, depending on the

stage of the river and the quantity of heavier silt particles carried—

the gates are rapidly raised, and, with a fall of about 10 ft., the water

rushes through the sluice-ways carrying away the silt deposits and

dropping them a short distance below. During the annual and other

floods, these deposits are taken up by the rivef and carried down

stream. These sluice-ways are built through rock, their floor eleva

tions being 13 ft. below: the crest of the weir. They are lined and

paved with concrete, and constitute a very massive and beautiful piece

of work. ' •

The Weir—Between these sluice-ways the weir is built, the slope

of the face being very flat, only 1 to 12, and capped with a concrete

pavement, 18 in. thick, except a small portion which is paved with

rough stones from 2 to 3 ft. thick. The crest was 10 ft. above the low-

water mark at the dam when the structure was started,* and the top

* See dis.ussion ot variaoon in elevaoon of riv.r bed at diff.rent om.s and diff.rent
seasons, and the consequent low-wat.r mark. , h V *• <h''•*
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of the down-stream wall : is S ft. below; thus the total fall of the face

is 13 ft: ,•• • .. ... / :., j. .... „• .... ., ,

The weir was constructed simultaneously from each end, and a gap

of 800 ft. was left in the center of the river channel. The original

plan for completing this gap was by building upper and lower coffer

dams with piling, brush, and sand bags, but this was changed and finally

the barrier rock fill dam, developed by the operations of closing the

first and second breaks described later, was utilized. Before the central

section was filled in, the sluice-ways had been excavated and completed,

the total capacity being more than enough to carry the low-water

flow of the river. Rock was obtained in part from the excavation of

the sluice-ways, and in part from the hills on each side; it was loaded

on cars with derricks and steam shovels, and hauled by dinky loco

motives to the various portions of the work. Coffer-dams made of

quarry spoil were extended out into the' stream, and inside these large

pumps were used to clear of water, As much excavation as possible

was done with teams and scrapers, and the remainder was taken out

by suction dredges and pumps. Sheet-piling and the parallel con

crete walls were then built, and the rock filling between was put in,

followed up by the concrete surfacing. : : The actual quantities used

exceeded the original estimates considerably; they are given in

Tab1*V TABLE 6.

Rock .x.avaoon..,: . .444 640 cu. vd., or about 146% of .somates.
Earth .x.avaoon 846 930 " " '• " 128% "

Rack in dam 875 018 " " •". " 128% " ,."
Concrete*. ..:...v'iiU.;n^A(7?..?//!!'..i!Aii?..W7K4li:0 -*»•.. *'n:*:• 280% " : •.. "

Sh.et-piling 82 779 lin. £t. " " 156% "
Rock pavetndfiti'S;. . J4 :r.'. . .1 i:'.'f f . . «'.'.'.' ^8ignifleant>-d&rgtfci6i : lflflw atMHT..

* In plac. of ro.k paving, th. con.r.t. surfa.. was subsotuted.

On March 15th, 1905, bids for the construction of the Laguna

Weir were opened, but those submitted were rejected and the work

was re-advertised. Proposals were again opened on June 5th, and on

July 6th, 1905, the contract was awarded at the following prices:
•a•iSii; Htm o,>.:.K)'f•. I-tiv. .:>':.•'■*? "..h :«.• o:..n ..•?!: *• .•v;* ..•n ' 'h h v.•..:•i•sih

Av, ;..Rock, excavation . $1,30 per cu. yd,,

Earth excavation 0.30 , "f■/V:.,., . ,.

Rock in dam! . . . .... . . ... .. ...... Q.35 ' £'JCi'.. •

. ..Concrete 4.00 . « fU "..,,.^ini,

Sheet-piling iV ............... ,0.4ft lip^ft ,..n,

Laying pavement , 1.00 " sq. yd.
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The contract required the work to be finished within 2 years, which

would mean just at the time of the peak of the summer flood of 1907.

These prices, on the estimated quantities, made the bid amount to

$797 650. There were seven other bidders, whose figures ranged up to

$1 030 117.50. The Reclamation Service, under the specifications, sup

plied the cement to be used.' On February 28th, 1906, the same firm

was awarded the contract for furnishing and erecting the sluice-gates,

regulator-gates, and operating machinery for the main sluice-ways

and head-gates, the bid being $65 900. The contractors began work on

July 19th, 1905, and a year later had completed 26.4% of the work.

As the quality of the rock obtained was much poorer than had been

anticipated, the Board of Engineers of the Reclamation Service modi

fied some requirements in the specifications and contract which re

sulted in increasing the contract price by $331486, or to $1 129 136,

and extended the specified time for completing the structure from

July 19th, 1907, to January 19th, 1908. On January 23d, 1907, when

about 34% had been completed, the work was' taken over by the Recla

mation Service direct. On July l8t, 1907, 52% of the work had been

finished, a year later 77% was done; and it was practically completed

in March, 1909, just before the summer flood of that year began.

• •: The Reclamation Service gives the following costs* of the Laguna

Weir and the sluice and regulator works :

Laguna Weir $1 672 168.20

Sluice and regulator works. 345 295.92

Other recent operations along the river have shown that a structure

serving every purpose of the Laguna Weir could have been built by

methods now well known at far less cost. The building of rock fill

dams in the bed of such a stream as the Lower Colorado was con

sidered impracticable until the work of re-diverting the river developed

such method. However, it is now evident that it would have been

far simpler, quicker, and cheaper to have developed rock quarries,

thrown trestles across the bed of the stream, and dumped rock there

from to form a "wide rock fill dam, without any concrete walls whatever,

and covered the top with concrete. There would be no difficulty in

beginning the construction of such a datn in the Center of the stream

and causing the river itself to excavate its bed Opposite the rock fill

as the latter should be built forward. In this Way the excavation

* Ninth Annual Report, United States Reclamaoon Servi.., Washington, 1911, p. 82.
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would have been made to a little greater depth than the bottom of the

concrete walls actually put in. The rock for such a purpose would by

preference be graded, so that quarry spoil would in no way be objection

able, and rock material obtainable in the adjoining hills could be

blasted out in large quantities, loaded with steam shovels, and conse

quently obtained and handled very cheaply. A structure having essen

tially the same top dimensions and surface covering, and extending

deeper into the river bed than the existing one, would in this way

have cost far less and be even more secure from failure. There would

be practically no seepage through or under such a dam or weir, as the

similar constructions, very much thinner and sustaining much greater

heads, which closed the first and second breaks, seem to be absolutely

water-tight.

To the cost figures should be added the proportional share of the

total administrative and general expenses. Such administration figures

are given as $179 021.43, to which should properly be added at least

$75 000 of the item : "Preliminary surveys previous to selection of

project—$174 735.83," or a total of $254 021.43. These are probably

the approximate general expenses to be distributed over expenditures

totaling $3 717 472.71, or 6.89 per cent. On this basis, there should

be added to the cost, for general expenses, $114 243.24, or a total for

the Laguna Weir proper of $1 786 411.44, and to the sluice and regu

lator works $23 583.71, making their total $368 879.63, or a total of

$2 155 291.07, not including the loss of $400 000 said to have been sus

tained by the contractor, which would raise the total to $2 555 291.07.

The result is a magnificent and permanent head-works for taking

water from the Colorado to irrigate by gravity about 75 000 acres of

land in the Yuma Valley; and, at some future time, this structure

may serve as well for diverting water to irrigate the entire Colorado

Delta. Its very great cost, however, raises the question as to whether

the silt problem could not have been solved in a more economical

and equally satisfactory manner by pumping depositions thereof, in

an enlarged section of the canal, back into the river, with suction

dredges. This question cannot be determined until the maintenance

costs of the sluice-ways and diversion weir are shown by experience,

and the total costs and results of handling the silt with dredges, as

is now being done at the California Development Company's head-

works, have been ascertained for a considerable period.
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Levee System of the Yuma Project.—-Practically all the valley

lands in the Yuma Project are subject to overflow, so that a general

and comprehensive system of levee protection is necessary. Fig. 5

shows this system, practically all of which has been completed. In

general, the designs were for dikes 4 000 ft. apart along the Colorado

and 3 200 ft. apart along the Gila, with a height of from 4 to 5 ft.

above the high-water marks; as constructed, however, there are long

stretches along the Colorado where the levees are only from 1 600 to

1 800 ft. apart. •c • •• ., •,h

The first levee construction was in accordance with the usual

Mississippi River practice. The ground was cleared, stumps and roots

were grubbed out, the base was plowed, and the levee was built with

earth taken from borrow-pits on the river side. These borrow-pits were

about 400 ft. long in the direction of the levee, with cleared traverses be

tween about 12 ft. wide; 40-ft. berms; allowable depths of pits,•2J ft. at

the side nearest the levee and 3J ft. at the farther side; levee top width,

8 ft; side slopes, 3 to I on the river side and 2J to 1 on the land side.

No muck-ditching was done.

The first stretch of levee constructed was 10 miles long, extending

south from Yuma along the eastern bank of the river. In this section

the current along the levee face was generally as little as would be

expected anywhere on the project. Nevertheless, experience soon

showed, the desirability of an elaborate system of brush abatis work,

a sample of what was put in here being shown by Fig. 10. At

many points where any considerable .quantity of water had come

against the face of the levee the borrow-pits had cut together, the

traverses having quickly been cut through and the breach widened

more or less seriously. As it was expected that• the river would fill

up these borrow-pits with silt in the first few floods, such a result was

disappointing, ,,

It seems that no trouble was caused by the absence of muck-ditch

protection under the levee. This must have been due to the fact that

the ground where the levee was located was uniformly favorable,. In

the fall of 1906, however, the levee system of the project was extended

some miles southward along the river, and the flood which occurred

on December 7th, 1906—which got under the newly constructed dikes

on the west side of the river in many places and resulted in the second

break or crevasse to the west—caused several breaks in this new sec

tion, due to the lack of muck-ditches in unfavorable ground.



Pig. 10.—Typical Abatis Wobk on L.vees op Yuma P.oj.ct, U. S. R.clama

tion Se.vice.

 

Fig. 11.-—O.iginal Intake (Chaaa.y) Gaae, Impe.ial Canal, Compl.t.d

in 1901.
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Experience with the levees, including the effect of this last-

mentioned flood on the levee system of the project and on the levee

work done on the other side of the river, caused a fundamental change

in the design. In Janliary, 1907, a Consulting Board of Engineers

from the U. S. Reclamation Service was appointed to consider the

matter of levee construction being done with money advanced by the

Harriman interests on the west side of the river, and its recommenda

tions are given later. Up to that date, 21 miles of levees had been

.onstructed on the Yuma Project, extending from Yuma southward

15 miles and eastward along the south bank of the Gila 6 miles.

All construction thereafter has been in accordance with the recom

mendations of this Consulting Board for the levees of the west

side of the river, the essential features of which are "interrupted or

checker-board borrow-pits" on the water side of the dikes, muck-

ditches wherever test-pits show the necessity, and a large quantity of

brush abatis work.

In 1907, a railroad track was laid in large part on the levee, from

the Laguna Weir to Yuma on the California side of the river, chiefly

for the purpose of hauling materials and supplies to and from the

Laguna Weir. The Southern Pacific Company owns and operates this

track as a branch line, thus serving an area which will be under

intensive cultivation very soon, and greatly facilitating levee mainte

nance and repairs. Over this track a very large quantity of quarry

spoil was hauled from the Laguna Weir construction work and used

to blanket the river side of this levee to a point below where the swift

est water along its face is to be expected. None of the other levees

of the project has any blanketing or any track on top.

Canal System of the Yuma Project.—Fig. 5 shows the general lay

out of the canal system of the Yuma Project as it is planned at pres

ent and in considerable measure constructed. The principal main

canal is on the California side, and has a capacity of 1 700 sec-ft. The

main canal on the Arizona side will irrigate only the land north of

the Gila River. Water for irrigating the land lying east and south

of the Colorado and below the Gila is to be carried under the river

at Yuma in an inverted siphon, 1 000 ft. long, 14 ft. in diameter,

about 50 ft. below the bed of that stream, and having an estimated

capacity of 1 400 sec-ft. This siphon is now under construction. The

original plan was to serve this territory with water taken from the
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Arizona end of the dam and carried across the Gila River in four rein

forced concrete tubes with a combined capacity of 1300 sec-ft. and

laid 3 ft. below the river bed. This crossing was abandoned because

the difficulty of holding the Gila River banks at the ends of the under

ground siphon was considered too great. There is practically no

danger of this kind in crossing the Colorado with the siphon, because

of the little eminences of quite hard material which control the loca

tion of the river at this point.

The design of this siphon, the investigations of the material in

which it is located, the first methods of construction used, the diffi

culties encountered, the changes in plans and methods, with the rea

sons therefor, the methods of doing the work finally adopted, and the

time and cost figures, are all interesting in the extreme, but will not

be given here for several reasons, chief of which is that, on the com

pletion of the Yuma Project, it is hoped the work will be described

at length in a paper by the Project Engineer, F. L. Sellew, M. Am. Soc.

C. E., or some other engineer of the Reclamation Service. Only such

general description is here given as seems desirable to make quite clear

the effect of the project itself directly and indirectly on the irrigation

of the delta.

The total acreage which will ultimately be irrigated by the Yuma

Project is given in the reports of the Reclamation Service as 90 160.

This includes 17 000 acres of mesa lands which lie too high to be

reached by gravity from the principal canal system. It is intended to

develop 1 000 h.p. at the drop in the main canal, and with this to

operate pumps to raise water for the higher distribution systems.

At present the main canal from the Laguna Weir on the California

side down to the California shaft of the river crossing at Yuma

is under construction, and quite a little main and some lateral canals

lying between these points and behind the line of the levees on

the west side of. the river have been completed and are in use. Such

canal construction, and particularly the checks, head-gates, etc.,

are models of their kind, being of concrete and of the latest and

most approved type. Up to the end of 1907, there were no canals

on the California side of the river; indeed, practically all the

area was contained in the Yuma Indian Reservation, which has

since then in part been apportioned to individual Indians and in part,

6 500 acres, on March 1st, 1910, opened to entry and quickly taken up
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by white settlers. Two weeks later water was turned into the reserva

tion canals, and rapid progress is being made in developing the region.

On the east side of the river below Yuma about 8 000 acres are being

irrigated through small canal systems which have been in operation

for a long time and were taken over by the Reclamation Service since

the creation of the project. The total acreage of the project to which

water could have been supplied was about 16 000 acres ; about 10 000

acres were actually irrigated during the season of 1911.

Drainage System of the Yuma Project.—As has been said, a

large acreage of the Yuma Project is subject to annual overflow, and

lies behind the levees. The water-table throughout practically the entire

region rises and falls with surprising rapidity during all floods which

are long in passing. Thus it is that during May, June, July, and

August particularly, the water-table rises so near the surface as to

result in rather high alkalinity in the soil. The river water which

will be applied for irrigation also carries a considerable, though not

serious, quantity of soluble salts. Evaporation takes place from

land surfaces very rapidly in such a hot country, and when water is

on the surface, or approaches so near it that capillarity makes con

nection between the water-table and the surface of the ground, the

quantity evaporated is excessive, and the salts contained are left

behind, largely in the top layers. Therefore, efficient drainage is very

important. It is made even more necessary because the rainfall is

really inappreciable, having been less than 3 in. per annum for the

past 15 years, and causes very little leaching and washing away of

alkaline deposits. In passing, it is important to say that, very for

tunately, the alkali of the valley lands is peculiarly a surface accumu

lation, often being confined to the very upper layers, usually to the

first 2 ft. in depth, and seldom being found at depths exceeding 6 ft.

The Yuma Project, therefore, includes plans for an elaborate and

efficient system of drainage canals which will be doing the maximum

amount of work during the annual summer floods of the Colorado. It

is planned, where necessary, to pump such drainage water over the

levees and back into the river. This drainage system has not been

constructed, and indeed the detailed plans may not yet have been

worked out, but it is desired to state here that arrangements have been

made for drainage in the Yuma Project, and results along that line

must be obtained in the Imperial Valley sooner or later.
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Imperial Valley Irrigation Project. .

In 1893, Mr. Rockwood found himself in possession of much

engineering and other information regarding the irrigation of the

Colorado Desert with the water of the Colorado River, in lieu of salary

for a considerable time as Chief Engineer of the Colorado River Irri

gation Company, and had a firm conviction of the project's possibili

ties. For more than 7 years he endeavored to finance the work, both

in the United States and abroad. Many people suggested the

irrigation of the Colorado Desert, as already mentioned, but Mr.

Rockwood and associates actually brought it about. His very inter

esting story of the enterprise,* unfortunately, is accessible to rela

tively few people. In spite of his later mistakes, Mr. Rockwood is

certainly entitled to much credit and reward for his efforts, which,

practically speaking, were finally crowned with complete success.

Engineering Features.—The engineering features of irrigating the

Imperial Valley from the Colorado River can now be much better

understood than was possible in 1900. The experience of 10 years is

always of value, and was particularly so in this case. The fall of the

ground was known, and to divert the water and conduct it to the

broad, ideally lying tracts of land to the west of the sand hills was

obviously practicable. There were, however, two especially serious

problems: the danger of diverting water from a wide, erratic stream

flowing through a shifting channel along the top of a ridge of loose

alluvial silt; and the difficulty of keeping open canals which carried

water so heavily charged with silt. . :

Diversion.—The impossibility of properly financing the enterprise ab

solutely forced the abandonment of the idea of diversion at The Pot

holes, with its opportunities for settling basins and sluice-ways t. care for

the silt en route, and made the diversion at the rocky point of Pilot Knob

practically unavoidable. It was always the idea to have a head-gate

founded on solid rock. At the last, it was found impossible to obtain

the money, even for this construction, but the diversion point was

located there, with the intention of utilizing this rocky point of Pilot

Knob for head-works, in the very near future, when the financial status

of the company might permit.

* " B.m .f the Desert," by C. R. R.ckw.od, in the Second Annual Magazin. Editi.n,
Calexic. Chr.nicl., Calexic., Cal., May, 1909.
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Flood Protection,—It does not seem to have been realized, at the

time, or indeed by any one until the diversion into the Salton Sea

was actually an accomplished fact in 1905, that there was any really

appreciable danger to the Imperial Valley by flood-waters from the

Colorado. The writer hopes especially, that the discussion will bring

out any contradiction of this statement which may be successfully

maintained. Of course, it was known that large quantities of water

had been carried through the New and Alamo Rivers into the Salton

Sea in 1891, and also by the New River earlier, especially in 1862,

but the channels had not eroded to any marked degree at the gathering

ground along the Colorado River bank, but, on the contrary, had auto

matically closed. Instrumental data regarding that portion of the

delta cone which is subject to overflow were entirely lacking, and

indeed, little other reliable information about the region was avail

able. It was planned to build levees along the river side of the

canal with the material taken from the latter, but the purpose of

these levees was to protect the canal itself from danger, and not to

keep the flood-waters which might enter this waterway from enlarging

it to a dangerous degree. Of course, any risk of the river being

diverted into the Salton Sink, and soon inundating the entire Imperial

Valley, involves the same risk to the irrigation project as such. Other

wise, such risk should obviously not affect an irrigation company in

any way, unless its operations and constructions have an appreciable

effect on such river diversion. • .

Silt.—With this means of diversion it was necessary to let the

silt-laden river water enter the canals directly, and depend on keep

ing them open by dredging, erosion, etc. The chief difficulty obviously

must occur in the first stretches of the waterway, due to the rapid

deposition of the heavier or sandy particles of silt which the river

water carries during flood stages of excessively high currents, and

which drops down almost at once when the velocity decreases to, say,

3J ft. per sec. After such clarification, it is possible to design and

operate canals in the Colorado Delta, as well as in India and else

where, so as to insure the carriage of the remaining finer silt into the

smaller laterals and to the irrigated land. The first mile of the canal,

therefore, was designed with a large cross-section so as to secure the

deposition of this heavier silt there, where it could be removed by

dredges. ,
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Alkaline Lands.—From a farming point of view, a difficulty which

was not given very serious consideration was the relatively high

alkalinity in the upper layers of the soil throughout practically all the

Imperial Valley. Wherever water came in contact with the ground, it

was observed that vegetation at once sprang up like magic, and it

was assumed, from this and from the obvious methods of its occurrence,

that the soil must be exceedingly fertile and admirably adapted for

general agricultural purposes. In one sense, a very serious mistake

in this way was not made, for agriculture of almost unparalleled suc

cess has been followed for the past 10 years, with only at rare intervals

a very slight thinning of crops indicating the need for proper drainage

and the reduction of the excess of alkalinity.

In 1893 the Director of the Agricultural Experiment Station at the

University of California was asked to investigate the agricultural

possibilities of the land in the Imperial Valley. At that time it was

proposed to provide an expedition properly equipped in order that the

Director, Professor E. W. Hilgard, the great American authority on

soils, might explore the region personally. The financial difficulties

of the Company prevented carrying out the plan at the time, but a

few samples of water from the lakes and of soil taken superficially,

proved that the latter were very similar to that of the immediate

bottom of the Colorado River, which previous analyses had shown to be

of extraordinary intrinsic fertility.* In 1896 and 1897, some addi

tional samples of soil and water were sent for examination. These

corroborated the previous conclusions, but showed that a considerable

quantity of alkali salts was present in the soils as well as in the waters,

and thus indicated the desirability of a thorough examination of

the region, from the soil standpoint. The subsequent soil investiga

tions in the Imperial Valley and their effect on the fortunes of the

region will be considered later.

Drainage.—Though the country as a whole lies ideally for irrigation

and ordinary irrigation water drainage, the natural waterways are

so far apart and so small and ill defined as to make the construction

of an efficient, comprehensive drainage system almost as difficult and

expensive as the irrigation canals. In the engineer's report to the

Colorado River Irrigation Company, it was stated that the construc

tion of a drainage system (though almost as expensive as the proposed

* Report, Agricultural Experiment Staoon, University of California, 1882.
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irrigation system) was essential, but, some years later, when the work

to be done was trimmed to the lowest practical minimum, it was

decided that a general drainage system was not immediately necessary

and possibly might, never be required. This latter opinion was not

as radical as might at first be assumed, because, even to-day, there are

probably not more than 5 miles of drainage ditches in the valley.-

It is being realized in ;a general way that at some time provision for

drainage must be begun, and within the next few decades doubtless a

fairly comprehensive plan will be developed. The diversion of the

Colorado into the Salton Sea in 1905-06 resulted in eroding the beds

of the Alamo and New Rivers into deep wide channels which will be

the controlling features in the design of the ultimate drainage system

for the valley, and thus produce a benefit which in the end must

certainly exceed the total damages resulting from such diversion.

Climate.—The climate of the region, with its long, hot, dry sum

mers, is peculiarly favorable to agricultural luxuriance. Thus it is

that here the very earliest grapes, fruits, and vegetables are produced

for the United States market, with the consequent advantage of

commanding the highest prices. This is notably true of the Imperial

Valley cantaloupe, now famous all over this country, and of the early

grapes, asparagus, etc. On account of the very low humidity and

gentle winds which blow much of the time in hot weather, the sensible

temperature—which is indicated by the wet-bulb readings and gives

the measure of heat felt by the human body—is much less than the

actual temperature as measured by the dry bulb. It is conservative

to say that a temperature of 110° in Imperial Valley is not more un

comfortable than 95° in Los Angeles or 85° in the more humid sections

of the Eastern States. Furthermore, the nights are always' cool, the

low humidity resulting in rapid and large daily temperature variations.

At the same time, the heat in the Colorado Desert and at Yuma

was proverbial, and one of the difficulties ' which the project had to en

counter was the supposedly frightfully hot summers ; indeed, the project

would otherwise have been financed very much earlier. Since the con

trol of the diversion canal was lost in 1905, the impression has become

general that the project of irrigating this region was rejected by capi

talists as involving too great engineering risks. As a matter of fact,

the chief difficulty was the fear that the torrid climate would render

colonization very difficult. It was for this reason only that Mr. George
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Chaffey declined to consider Dr. Wozencraft's solicitations to under

take the enterprise as early as 1885, and it was Mr. Chaffey's subsequent

experience in successfully establishing an irrigation enterprise in the

interior of Australia, where a maximum temperature of 125° Fahr.

was often reached, which led him to undertake the work here in 1900.

The International Boundary Line at the Sand Hills.—Perhaps,

everything considered, the location of the International Boundary

Line and the Sand Hills which lie to the west of Pilot Knob and

overlap into Mexico for several miles, constitute the most important

features of the irrigation, and protection from inundation, of the

Imperial Valley. It is this which makes it impossible for the people

of American Imperial Valley to organize to protect themselves under

the laws of California. The menace is entirely on Mexican territory,

and, apart from the difficulty of dealing with the problem as one of

engineering and statecraft, is the worst feature of all, namely, the

seeming injustice of compelling American citizens to protect their

homes against a menace originating entirely on foreign soil.

Aside from the danger of the diversion of the Colorado to the west

and into the Salton Basin, the important result of the present loca

tion of the International Boundary Line is that, practically speaking,

water cannot be taken from the Colorado River and carried in canals

lying wholly on American soil to the areas in American Imperial

Valley susceptible of irrigation by gravity. It could be done, but it

would require approximately 12 miles of a closed conduit running

under the sand hills and eosting at least $10 000 000, a sum practically

prohibitive. ,. . ■' ',

Water Bights.—Due to the divided authority of the National and

State Governments with respect to permission for taking, water from

the Colorado River as a navigable stream, water appropriation notices

then, as now, had to be posted and filed, under the laws of the State

of California, and arrangements had to be made with the United States

War Department as well, if such diversion interfered with naviga

tion. It appears that no attempt was made t. obtain permission from

the War Department for taking water from the river, because it was

almost impossible to cause any "interference with navigation." This

failure to secure permission from the War Department, however, had

a very serious result later.
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Ideal Plans.—The ideal way to carry such a project through is now

quite obvious. All the engineering features should have been carefully

worked out, elaborate soil surveys should have been made by well-

recognized authorities, and experimental farms should have been

established. The irrigation system should have been built in sections

and colonized before additional areas were covered by canals. Water

rights, entirely free from any possibility of attack, should have been

obtained. In the light of experience, the writer believes that, by all

means, these should have been obtained from the Mexican Government,

and the diversion should have been made on Mexican soil, or the de

velopment should have been made under the Carey Act.

Dealings with Mexico would have meant the abandonment of the

idea of diversion works founded on solid rock, but a structure with a

wooden caisson foundation extending under the gates proper and the

wing-walls would have been just as safe as the concrete head-gate

actually put in later, and would have cost little more money, if indeed

as much.

The ownership of all private interests in the Salton Sink ought to

have been acquired, and such permission obtained from proper Govern

ment authorities that this naturally depressed basin would ever be avail

able without question as a receptacle for the seepage, drainage, and

waste water from the irrigated lands and canals. Data as to silt

deposition and the cost of removing it from canals and intakes should

have been obtained from experiments carried out on a commercial

scale. Various details of the project, in short, should have been

worked out very carefully and adhered to.

However, as in many irrigation and other projects in the

West, the garment had to be cut according to the cloth. The sum

total of events resulted in carrying out the project along lines which

were far from ideal, but which later proved to be possible of execu

tion with a remarkably small amount of money, everything considered.

The California Development Company,

The first practical step toward the actual irrigation of Imperial

Valley was the incorporation of the California Development Com

pany, under the laws of New Jersey, on April 26th, 1896. After two

years of vain endeavor to obtain permission from the Mexican Govern

ment for the American corporation to hold land and acquire rights
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of way for the main canals into American Imperial Valley, it was

found necessary to form also a Mexican corporation. The California

Development Company has a capital stock of $1 250 000, divided into

12 500 shares of $100 each; the Mexican Company—La Sociedad de

Biego y Terrenos de la Baja California, Sociedad Anonima—has a

capital stock of $62 500, all of which is owned by the California De

velopment Company. Hereafter in this paper the California Develop

ment Company will be referre4 to as the C. D. Co., and the subsidiary

Mexican corporation as the Mexican Co.

The general practice throughout the West was, and still is, the sale

of the "water right" to settlers at a definite price per acre—usually

the right to buy water thereafter at specified prices. The arrangement

adopted in this case was the formation of mutual water companies

which would receive water wholesale and distribute it to their stock

holders, the capital stock of such mutual companies constituting the

water right. . .

Organization Under the Carey Act.—It would undoubtedly have

been much better if the desert land in the United States had been

segregated, and if the project, as far as American territory was

concerned, had been carried out under the Carey Act. This Act, how

ever, had not been passed when the original investigations were made,

and, when financial arrangements were concluded, the California

Legislature had adjourned and would not. meet for nearly two years.

Such delay was deemed too great.

Water Appropriations.—Water filings were made on April 25th,

1899, on the right bank of the Colorado River about 3 000 ft. above

the International Boundary Line, by Mr. C. N. Perry, on behalf of

the C. D. Co., appropriating 10 000 sec-ft., of the flow of the Colorado

River to be used for the irrigation of American lands in the Imperial

Valley. No serious attempt was made to obtain water rights in Mex

ico—in Mexican territory there was no chance to found diversion

works on rock, and money for the first work of promotion would have

been difficult to obtain with a projected intake in that country.

Bights of Way.—The C. D. Co. purchased 316 acres of patented

land along the river just north of the International Boundary Line,

and these included the rocky point of Pilot Knob; and the Mexican

Co. acquired 10 000 acres in Mexico, belonging to Gen. Guillermo

Andrade, and lying generally south of the Boundary Line, as shown
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in Fig. 9, together with the bed of the Alamo River, which extended

beyond the boundaries of this tract. In the American Imperial Valley

(all the land belonging to the Government except Sections 16 and 36,

belonging to the State of California, and known as "school sections")

rights of way could not be purchased outright, but easements therefor

were easily obtained as at present by application to the Secretary of the

Interior, accompanied by maps and descriptions of the proposed con

structions. All rights of way and property required for the construc

tion of the project were thus arranged.

Contractual Relation of the G. D. Go. and the Mexican Co.—

The two companies entered into a contract by the terms of which

the C. D. Co. turned over to the Mexican Co. all the water to be

diverted from the Colorado River by the former where the canal

crosses the International Boundary Line at Algodones; the Mexican

Co. agreed to deliver water to water users in Mexican territory as

required and the remainder of the supply—the larger part by far—

to the American water users at points on the International Boundary

Line from 40 to 50 miles west of the river, and, from the water users

of both countries, to collect for the water furnished, on a quantity

basis ; the C. D. Co. agreed to build, maintain, and operate all the

Mexican Co.'s irrigation construction in Mexico; the Mexican Co.,

in consideration thereof, agreed to pay the C. D. Co. all sums received

by the former for water rights, water stock, and water rentals from

water users in the United States. These agreements were limited to

water for lands which were irrigable by gravity from the system of

canals beginning at the head-works constructed. It was stipulated, fur

ther, that no contract should be entered into with the Mexican Co. giv

ing any person or corporation superior right over any other water user

by reason of priority in date of contract or otherwise, and that the

C. D. Co. should not be responsible for failure to deliver water to the

Mexican Co. from any cause beyond its control, although admitting

obligation to use due diligence in protecting canals and maintaining

the flow of water therein.

By this arrangement* the Mexican Co. retains the money received

from the water delivered to Mexican water users, and is put to no

construction, maintenance, or operation expense whateve*. This

arrangement, however, is not as advantageous as at first appears,

because the gross annual water Tentals from Mexican water users did
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not amount to $10 000 gold per annum until the beginning of the

ninth year, while the right of way contains at least 2 500 acres of land

and includes 50 miles of the Alamo River channel, which is utilized

as a main canal. It will be a number of years yet before the receipts

of the Mexican Co. will be sufficiently large to make the contract an

unusually profitable one.

Mutual Water Companies.—Next to the general plan of arranging

to require the purchase by settlers of the water right usual in such

cases, the fundamental idea was delivery of water to mutual water

companies instead of individuals, the mutual companies to be operated

by the holders of stock, namely, the farmers in their respective dis

tricts. The various mutual companies thus run their own local affairs

and join together, through the C. D. Co. and the Mexican Co., in a

community main canal leading from the river to the settlement west

of the Sand Hills.

Triparty Contracts.—The mutual water companies required the

construction of a distribution system, and ought or ought not to have

paid a bonus for the contract to receive water at the International

Boundary Line, depending entirely on the conditions under which

the water should be delivered and the price to be paid for it. A tri

party contract was entered into between the Mexican Co., the C. D. Co.,

and each of the mutual water companies, under the terms of which

the Mexican. Co. agreed to supply water to the mutual water compa

nies "on demand" and at definite points on the International Bound

ary Line in the Imperial Valley for 50 cents per acre-ft., to be used

only on lands within the respective districts; provided, however, that

the aggregate quantity of water necessary to deliver under the con

tract should not exceed four times the number of acre-feet per annum

that there were shares of capital stock in the mutual company; the

mutual company agreed to order and pay for at least 1 acre-ft. of water

each year for each share of its stock sold and located, regardless of its

use by the mutual company or by its stockholders; the C. D. Co.

agreed to build the distribution system of the mutual company and

to maintain certain definite portions of the canal thereof perpetually,

reserving the right to develop and use the water-power that might be

obtained from the waters running through any of the canals, including

those of the mutual company; a provision was made that at the end

of 3 years the loss of water to the C. D. Co. in evaporation from
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the canals of the mutual company should be determined, and such

an extra allowance of water be supplied, as so determined, to the end

that only the net quantity reaching each half section of land should

be paid for; and the mutual water company turned over all its capi

tal stock to the C. D. Co. and agreed to locate such stock on any

lands within the exterior boundary lines of its district on order of

the C D. Co. The C. D. Co. sold the capital stock of these vari

ous mutual companies to the settlers, and with the proceeds built

the main canals in the United States, the canal system in Mexico

which belongs to the Mexican Co., and the distribution systems which

became the properties of the various mutual water companies.

There were eight of these triparty contracts; they were essentially

similar, though no two were exactly alike in every detail. The con

tract between the Mexican Co. and the C. ~D. Co., and the triparty

contract as just outlined, together with the by-laws of the mutual

companies, show the contractual relation of the water user to the

organizations on which he depends for water. These by-laws, in

general, provide that each share of stock shall represent the right to

purchase water for the irrigation of 1 acre of land; that stock issued

shall have written on its face a description of the land on which it

is located; that no stock shall be located on any lands outside those

described in the articles of incorporation; that one share and no more

shall be located on each acre of land which can be served by the ditches

of the company ; that owners of stock issued but not located shall not

be entitled to receive any water represented thereby, but shall, never

theless, be liable for all assessments, the same as other outstanding

stock of the company; that the shares may be transferred; and that

acceptance by any stockholder of a certificate of stock shall be con

sidered as a ratification by him of any and all contracts between the

mutual company in question and the C. D. Co.

The inter-relations of the water users and the various corporations

have been given in detail because of a general impression that the plan

was devised for the purpose of taking advantage, of the settlers. In

its operations it has resulted in no unfairness of any importance to

any of the parties concerned. Considering all the circumstances, the

prices charged for water rights were very low—$5.75 at the beginning,

up to $20 at present, and averaging $12 per acre as the total cost to

the settler, on easy terms-—and the total annual water rental from the
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TABLE 7.—Comparative Statelent of Earnings and Expenses

of the California Development Compaky, for November, 1909.

(Property on a seriously deteriorating basis.)
 

Ea.nings :

N.vember,
5 m.nths
.nding

N.vember
30th, 1909.

813 906.20
418.90
82.05
66.45

$93 236.75
1772.80
488.51
420.68

Op..ating Exp.nses :

$14 473.60 $96 918.74

Mtiiiittndiicc. r.iiuls itiul structur.s :

$163. 83
10 588.76

223.04
901.70
824.81

8641.63
47 130.74

4i IS I*

2 444.57
3 192.44

Maint.nanc. .f l.vecs :

812 702.14 853 818.26

$210.00
377.87

126.12
84.87

1034.01
217.04
44.37

, j , ,
$313.54 $1 883.29

Maint.nanc. .f .quipment :

$85.23 8576.47
14.23

525.56
533.45
155.25

29.01

34.71
185.36 1 115.04

154.46
938.18

83.34
281.42

Dist.i.uti.n .f wat.r:

$649.07 $4 012.64

Sup.rintendence $163.70
760.00
21.52
163.40

$997.22
3 858.63
365.00
815.53
50.00

Zanieros
Calibrati.n and wat.r measurem.nt

:::::::::::T.l.ph.n. and t.l.graph lines

G.n.ral expens. :

Salari.s and exp.nses, gen.ral .ffices

Damag.s *

$1 108.62 $6 086.38

■

$2 981.06
332.37
618.28
132.36
107.40

$15 444.09
1 515.04
3 899.92
684.86
459.67

T.tal $4 172.07 $22 003.58

i—i—^, . , i u
T.tal .p.rating expenses $18 945.44 $87 804.15

■ I : : '
Net earnings $k kn.su $8.14.59

Taxes $197.76 $1 134.88
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water users in the valley will not suffice to pay maintenance, opera

tion, and general expenses, properly figured, until such time as about

700 000 acre-ft. of water are sold annually. At the end of 9 years

the sales have not yet reached that figure. Fig. 4 shows the boundaries

of the lands of the various mutual water companies in the valley and

under whose distribution systems lie all the lands which are as yet

irrigated.•.

Operation of Triparty Contract.—For 3J years the writer was

General Manager for both the C. D. Co. and the Mexican Co., and

handled all matters between these companies and the various mutual

water companies. During the latter portion of that time, the pro

tection of the Imperial Valley from inundation by the Colorado had

become quite as important as its irrigation, and, for this protection, of

course, no provision was contemplated in these contracts. Except for

that, the arrangement proved to be very satisfactory, and produced

a smooth and comfortable relationship unusual in irrigation enter

prises. As a result of litigation, the Supreme Court of California has

just declared the whole scheme practically legal. The Imperial Irriga

tion District was created several months ago, and the directors thereof

have decided to take over only the functions which the C. D. Co. and the

Mexican Co. now perform, and will not interfere in any way with the

mutual water company plan of organization, or the water companies

themselves.

TABLE 8.—Statement of Earnings and Expenses

of La Sociedad de Irrigacion y Terrenos de la Baja California.
 

G.oss Ea.nings

Op..ating Exp.ns.s:
Dist.ibuoon of wat.r .

G.n.ral .xp.ns. :
Salaries and exp.nses, gen.ral officers and .lerks.

Offic. exp.ns.s
Law ej—f expens.s
staoon.ry and printing
Inspecoon fund (Mexican Governm.nt)
Other .xpens.s •-

Novemb.r 5th,
1909.

$641.20

0.00

421.54
64.07

39.55
150.00

$1 130.40

5 months,
.nding Novem
b.r 30th, 190O

85 127.39

' 0.00

2 073.85
341.82
696.64
101.21
750.00
663.47

Total . $4 626.49

Total op.raong .xpenses. $1 180.40 $4 626.49

Net earnings I $U89.tO $500.90
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Imperial Land Company.—The parties who were induced to back

the enterprise financially were afraid of the colonization end, and

would have nothing whatever to do with it. Accordingly, it was neces

sary to form a colonization company—the Imperial Land Company—

which was incorporated under the laws of California in March, 1900,

and consisted in part of some of the promoters of the C. D. Co. and in

part of other people. This corporation contracted to do all advertising

and colonizing and sell all water stock in consideration of having the

exclusive privilege of town sites and a commission of 25% on water

stock sales. By using Government land scrip, this company obtained

immediate ownership in fee simple of tracts of land in various parts

of the valley and subdivided them into town sites. These town sites

were covered with water stock in order to obtain water for domestic and

municipal use through the assistance of the mutual companies, because

no wells, except some very deep and unsatisfactory ones quite recently

sunk on the east side of Imperial Valley, have ever been possible for

domestic supply. The Imperial Land Company thus established the

town sites of Mexicali, in Mexico, and Calexico, Heber, Imperial, and

Brawley, in California. The other town sites—El Centro, the county

seat, Holtville, Seeley, Dixieland, and several smaller places were plat

ted and put on the market by other parties later. ' . • h•

TABLE 9.—Operating Expenses of California Development Co.,

January 1st, 1908, to March 31st, 1909.
 

Maintenan.e, .anals and stru.tures.
raint.nan.e, l.vee
Maintenanc., equipm.nt
Distribuoon of water.
Gen.ral .xp.ns.*
Constru.oon of canals
Constru.oon of levees

1908,
12 months.

$71 418.94
10 260.35
18 528.63
15 613.42
75 162.82
73 765. la
32 303.09

1909,
January,

February, and
March.

177.32
647.24
182.21
559.10
277.76
359.47
297.84

Totals . . 8297 053.43

—

899 !

* Of this sum. $30 665.28 was liogaoon expenses and costs.

During 1911 th. total n.t deliv.ries of wate. to th. mutual water companies in the
Unit.d States w.re 597 178 acre-r., or $298 490.98.

This colonization company in general was successful, but not to the

extent which would be expected, considering the unprecedentedly rapid

settlement of the region, and the contract was certainly a fair one to
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the C. D. Co., up to the time of its abrogation in 1906. Water stock

was sold to the settlers for small cash payments and notes payable in

five yearly settlements at 6% interest, such notes being secured by a

pledge of the' water stock purchased. Many of the settlers had scant

means and only a filing right on the land, so that the water stock was

not made appurtenant to the land, but left as personal property. The

initial payment went to the Imperial Land Company, and was by it

used for advertising and other essential purposes, the collateral notes

secured by the water stock being taken by the C. D. Co.

'TABLE 10.—Average Diversion and Deliveries of Water by the

Canal Systems of the C. D. Co. and the Mexican Co. for the

Week Ending January 19th, 1912.

Gauge at Yuma 15.3 ft.
Gauge opposite intake 106.9 "
Elevaoon of bottom of diversion gate 98.0 "
Averag. flow of Colorado Riv.r at Yuma 4 000 s.c-r.
Diversion from Colorado Riv.r at Andrade 1 559 " *'

Us.d in Mexico 37 s.c-r.
Used in United States 894.6 " "
*Wasted at Rositas waste•gate S21.8.," / ,;'00ja

Total.. , ; 1 352.9 s..-r.

Total loss, Andrade to Sharps 806.1 se.•ft.

* 171.1 se.-ft. of this passed through the plant of the Holton Pow.r Company .n rout.

to this wast.-gat. for d.veloping electrical en.rgy.
This loss .quals 19.6% in about 46 mil.s of main .anal, .hiefly the bed of the old Alamo

River, or 0.43% per mile on th. averag.—an extr.m.ly low figure. ^.  . • . , .

Management of the C. D; Go.—Delta Investment Company.—

Until the water rentals became of importance, these collateral notes

constituted the only receipts of the C. D. Co., and these assets were

looked on with considerable suspicion by the financial institutions of

Los Angeles. Nevertheless, they might have been taken as collateral

at about 25 cents on the dollar had not the merit of the entire

enterprise been rendered questionable in various ways, as explained

later. When this occurred the Delta Investment Company was

formed—in the fall of 1901—with assets consisting solely of C. D. Co.

and Imperial Land Company stock contributed by the wealthier people

of the enterprise. This company was given a contract to take over

all the C. D. Co.'s bonds at 50 cents on the dollar, and all its collateral

notes and mortgages at the same discount. By this arrangement, the

Delta Investment Company practically controlled the C. D. Co.,

although the amount of the C. D. Co. stock held by it was much less

than a majority.
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TABLE 11.—Annual Expenditures

of Imperial Water Company No. 1 for 1911.

Capital stock = 100 000 shares, all of which have been sold, and

are located on 100 000 acres of land. Total length of canals == 373.25

miles.

Maint.nanc.:
Sup.rint.nd.nce $7 000 . 00
Engineering 1 600.00
C.rral 3 805.11
Autom.bile 500.00
Shops 2 468.13
Materials and supplies.. •,,...y,.•,.,.,.,.j 22 046.11
Lab.r, m.n and teams 75 887.41
Damag.s 645.91
Muskrats, bounty at $1 .ach 492.00

Op.ration: •

Superint.ndence $3 815.74
Engin..ring 168.81
Zaui.r.s 22 609.02
C.rral 3 192.36
Aut.mobil. 476.39
Mat.rials and supplies 1 892.98
Telephone ui.uu ;.'■;..' SM.16

Wat.r meters ' 260.47

G.n.ral Exp.ns. :
Salaries $6 410.02
General .xp.ns.s : 2 971.13
P.inting and stati.n..y 439 . 94
Tax.s and insurance • ■ 956.59
Furnitur. and fixtures 520.45
L.gal expenses 10 889 . 38

$114 439.67

82 675.93

22 187.51

Imp.rial Wat.r C.mpany N.; 1, expens. $169 303.11

Water B.ught (from the C. D. C..) 305 183 acre-ft., less 10% all.wance f.r
se.page and evap.rati.n, at 50 c.nts per acr.-ft., .n net amounts 137 332.50

•. , T.tal .xpenditur.s* $306 635.61

* Th. exp.nses .f the c.mpany were alm.st exactly $1 . 70 p.r acr., and the water rent
als paid t. th. C. D. C.. $1 .37 per acre. The total c.st t. th. farmers, theref.re, averaged
$3.05 divid.d by 2.747, .r $1.11 p.r acre-ft.—a v.ry l.w figur. f.r wat.r in Calif.rnia, where
th. " water right " av.rages $12 p.r acr., .r indeed much m.re.

It must be admitted that the Delta Investment Company took over

such securities at a larger price than could have been obtained from

any other source. Nevertheless, the securities were really good, every

thing considered, and quite a few large and apparently strange and

dishonest transactions were made between the two corporations. M.ney

was forthcoming for construction purposes, but was costing the C. D.

Co. $2 for every $1 obtained. The result was that in a couple of months

serious dissensions arose, and in February, 1902, an adjustment was

made cancelling the contracts with the Delta Investment Company

and Mr. Chaffey, who thereupon retired from the enterprise. March

1st, 1902, therefore, found the C. D. Co. a going concern, and Imperial

Valley a reality, but the parent company, with all its bonds gone, its
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collateral notes and mortgages largely depleted, no money in the treas

ury, and deeply in debt. Shortly afterward actual results from farm

ing under the project were so reassuring that the Company was able

to borrow $25 000 from the First National Bank of Los Angeles.

The contract with the Delta Investment Company was a serious

thing for the C. D. Co., but, to be perfectly fair in presentation, it

must be borne in mind that the financial interests had their confidence

in the project violently shaken by advance rumors of an adverse Gov

ernment soil report (to be discussed later).

With the exception of the arrangement with the Delta Investment

Company, no proper criticism can be made of the handling of the

finances of the whole irrigation project, as far as any of the promoters

of the irrigation company are concerned. The writer has had oppor

tunity and occasion to investigate thoroughly the relationship of all

the corporations, and in common fairness must state that, though the

deals back and forth were many and diverse, they were otherwise

with very few exceptions reasonable and fair, when the circumstances

and reasons which produced them are given the proper weight. Further

more, the general aims and plans which the company practically suc

ceeded in carrying out do not merit any more criticism than those of

the average Western irrigation project, if indeed as much. Had the

break in the Colorado River never been allowed to get beyond control—

and it never would have happened, in spite of all obstacles, had the

loan of the Southern Pacific Company (referred to later) been ar

ranged 6 months earlier than it was—the C. D. Co. would undoubtedly

have proved to be one of the most successful private irrigation en

terprises throughout the entire land.

Colorado River Land Company.—It is well at this time to mention

the Colorado River Land Company and the New Liverpool Salt Com

pany.. The former is a corporation consisting principally of Southern

California stockholders, incorporated under the laws of Mexico, and

owning about 1 000 000 acres south of the International Boundary

Line and west of the Colorado River. It owns all the Colorado River

Delta west of the river in Mexico except 162 000 acres, the location of

these holdings and those of other important Mexican land owners

being shown on Fig. 4. The existence and operation of this corpora

tion have lately become important as being the agency through which

the United States Government has handled the river control work
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recently, done by it. The company will hereafter be referred to as the

C. M. Co., as it is locally called. .»„,■ :

The New Liverpo.l Salt Company.—*-This corporation was organized

many years ago for the purpose of obtaining salt fr.m the deposits

in the bottom of the Salton Sink, and began operations in 1884. In

1904 its plant was reasonably satisfactory in its details and had a

capacity of 1 200 tons of salt per month. The actual value of the

plant and the salt beds, taking into consideration the excellent quality

of the salt,* the conditions under which the Company operated, and

the competition it had to meet, is of course impossible to determine

without access to the company's records. It appears, however, that

negotiations at that time were pending for its sale, the figures being

$150 000 asked and $100 000 offered. When the water began to come

into the sink in large quantities, negotiations were dropped, and the

entire plant was soon buried by the Salton, Sea.

Operations of the California Development Company.

When the C. D. Co. was ready to begin operations, there was on

the lower river a dipper dredge with a 4-yd. bucket which had been

built and equipped by the Hon. Eugene S. Ives, of Yuma, Ariz., and his

associates, for digging irrigating canals near Yuma. This dredge

was bought by the company in exchange for guaranteed bonds, floated

down the river, and, in August, 1900, set to work excavating a canal

along the lines marked "Original Intake" in Fig. 13 and then follow

ing the old Alamo overflow channel to a point 8 miles below. From

that point the Alamo channel, with a little diking here and there,

had sufficient capacity to carry for some time the water needed. From

the beginning of actual construction until he left the enterprise (April,

1900, to February, 1902), Mr. Ge.rge Chaffey was President and Chief

Engineer of the Company.

About 500 ft. ab.ve the Boundary Line a temporary wooden

head-gate, Fig. 11, known locally as the "Chaffey" gate, was put

,

* Th. published analys.s .f th. dep.sit Rive th. f.ll.wing av.rag. :

S.dium chl.ride 96. 15
S.dium sulphate. .. 0.70
Calcium sulphate 0.60
Magnesium sulphate 1.60

 

Ins.lubl. 0.10
Wat.r 0.85

100.00

The Calif.rnia State Min.ral.gist r.p.rts the valu. as $1 per t.n. : . ■' ■•■• •
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in. This was a well-designed and well-built wooden, A-frame, flash-

board gate, 70 ft. long, 15 ft. high, with a plank floor, and founded on

piling. When it was built* nothing was known or even suspected with

reference to the rapid and large variation in elevation of the river

bed at varying flood stages and otherwise, and it is not surprising,

therefore, that the floor was not put as low as it should have been,

but, even so, it was not as deep as planned on account of an unnaturally

early summer flood. The structure was made no larger, not because of

cost, but because it seemed certain that when ' more water than the

gate's capacity should be required, that fact would mean Such revenues

as to permit building the permanent concrete and steel diversion works

at Pilot Knob, regardless of all other considerations. In passing, it

' may be said that the construction and design of this temporary head-

gate was fully equal to that of any throughout the West, even to-day.

The floor, however, was quite too high. • ' '

At what is known as Sharp's Heading, the Alamo channel was

abandoned as the main canal, and the controlling works for the valley

end were put in. These consisted of a wooden, A-frame, flash-bbard

gate in the continuation of the Alamo, a similar gate at the head

of the Encina or West Side Main canal, and a combined gate and

drop, known as Sharp's Head-gate, from which leads off the Central

Main, the chief canal in the valley.

This last structure is well worth describing in some detail. In

the first place, it is a most vital part of the system, because, being

a combination of a drop and regulating gate, were it to fail, the water

in the Alamo or Main Canal above it would immediately be lowered

far too much to permit taking out any whatever for the East and

West Side Mains. To realize the consequences of this, it must be re

membered that irrigation water is needed every day in the year, and

that no stock and domestic water for the entire region, except for

the Town of Holtville, can be had, except from the irrigation system

and by being brought in by the railroad in water cars. In the second

place, for several months consecutively, in each year since 1905, it has

been taxed beyond the capacity for which it was designed, without

developing any serious weakness. Furthermore, at intervals of about

18 months/ since it was put in service in 1903, the canal above it has

* Nothing really w^s k nown about th. chang.s in .levaoon of the riv.r bed unol 1907
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been emptied for periods of not more than 60 hours to permit of in

spection and light repairs, but the very first overhauling or extensive

repairs were begun on January 5th, 1912.

The writer confesses to a predilection for permanent structures of

masonry, concrete, or steel, and this gate and the Alamo Waste-gate,

built in 1905, were nightmares to him while in charge of the prop

erties. It would seem that a large part of this was worry wasted,

however.

Sharp's Head-gate was designed by, and built under the direc

tion of, Mr. C. N. Perry, then Resident Engineer of both companies,

the fundamental idea being to cut up the foundation into a number of

water-tight compartments. Plates XLIV and XLV show this con

struction.

Where Beltran's Slough leaves the Alamo channel, a wooden, flash-

board gate was, built to waste water through Beltran's and Garza's

Sloughs into the New River, but about 3 months after being put

in service it failed, due to back currents below it.

The original plan for supplying the territory to the east of the

Alamo was to utilize the Alamo channel from Sharp's Heading to

Holtville, an earthen dam being used to bring the water to the surface

of the land at that point. This dam soon failed, and the canal from

there was connected with the Alamo at a point about 1J miles above

Sharp's, such connection being made in record time, with a cross-

section only large enough for the demand. The idea was that erosion

would enlarge it, which in general has been the case, although some

blasting was required to assist the action. Originally known as No. 5

Main, the canal is generally called the East Side Main. It, as well as the

West Side Main, is occasionally broken in places by the severe rain

storms—-almost cloudbursts—which occur at infrequent intervals in the

region. To provide absolute protection against such damage would

be very expensive, and neither No. 5, which owns the exposed portion

of the East Side Main, nor the C. D; Co., which owns all the West

Side Main, has done so. Otherwise, they, as well as the Central Main,

are quite satisfactory.

Main canals were constructed from Sharp's to serve the territory

between the New and Alamo Rivers (the Central Main) ; a second, the

West Side Main, crossed New1 River to serve territory west of that

waterway, and a third, the East Side Main, to serve the territory
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man lived in the whole region ; by January 1st, 1903, 2 000 people had

come in ; by January 1st, 1904, probably 7 000 people had made their

homes in the new district, and by January 1st, 1905, the iiopulation

was between 12 000 and 14 000. As early as 1904 there was a branch

railroad through the district from the Southern Pacific main line at

Old Beach, since called Imperial Junction, and, at the beginning of

1905, there were seven towns, with stores, banks, etc., 780 miles of

canals, about 120 000 acres of land under actual cultivation, and 200 000

acres covered by water stock.

This unprecedented and unexpectedly rapid development over

taxed the resources of the C. D. Co., and, in addition, there were

several untoward factors which accentuated the difficulty. These were

serious complications in the United States Government Land Survey

of the region, an extremely unfavorable soil report by the United

States Agricultural Department, agitation for the United States Recla

mation Service to supplant the irrigation system of the valley, a ques

tion as to the right to divert water from the Colorado River, and

troubles at the intake by silt depositions.

United States Land Surveys in the Imperial Valley.—That portion

of the Imperial Valley north of the 4th standard parallel was sup

posed to have been surveyed in 1854-56. The maps and notes for it

were accepted, but there is at least some question whether the survey

was ever actually made in the field. Later, in 1880, after the Interna

tional Boundary Commission had surveyed the Boundary Line between

the United States and Mexico and marked it continuously with perma

nent monuments, the area south of the 4th standard parallel was sur

veyed, this being locally known as the "Brunt" survey. The coloniza

tion company, in April, 1900, put out surveying parties under the

direction of Mr. Perry, now County Surveyor of Imperial County,

to re-run the Government lines and establish corners so that settlers

might have proper descriptions for the tracts of land they wished to

file on, and also that the distribution systems of the various mutual

companies might be located along the Government subdivision lines,

as the topography of the land is such that this ideal canal location is

generally feasible. Mr. Perry found nearly all the corners of the

Brunt survey, and used the notes showing certain connections made

with the survey of 1856 along the 4th standard parallel. In this way
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the lines to the north were retraced, but, some time later, when the

survey had extended farther and the work of retracing the lines east

of the Alamo River was commenced, it was discovered, by encounter

ing natural features given by the notes of the 1856 survey, 2 miles or

more out of correspondence, that there were serious errors. Exhaustive

search was then made for the 1854-56 survey stakes, but in an area of

thirty townships only five corners were discovered which seemed to

be authentic. These were widely scattered, and showed great errors.

Between the 3d and 4th parallels the actual distance was found to

be 25J miles, or an error of li miles in a 24-mile north and south line.

East and west the error was approximately 2 miles in 30.

Throughout the territory, Sections 16 and 36, the school sections,

had been given to the State of California by the United States Gov

ernment for the benefit of the State school fund, the remainder of the

land belonged to the United States, and this dual ownership increased

the difficulty of making any adjustment. In June, 1902, the president

of the colonization company and the chief engineer of the C. D. Co.

went to Washington, explained the situation, and, on the advice of

the General Land Office, an Act was prepared and passed in July,

1902, authorizing a resurvey of twenty townships of the land in Im

perial Valley. The outside lines of these townships were re-run in

1903 and are known locally as the "Henderson" survey. It was more

than 6 years, however, before the interior lines in these townships

were re-run and the work was completed and approved.

In the mean time, it was impossible for the Land Office to issue

patents to the settlers, and thus men practically owning from 160 acres

to two and three times that area of extraordinarily fertile land, with

a selling value of from $60 to $100 per acre, could offer no security for

a loan with which to make permanent improvements. The United

States land laws are extremely strict and severe with reference to a

settler borrowing money with which to make final proof. Under such

circumstances, the interest rate was naturally from 10 to 12% per

annum, while the interest on deferred payments for the water stock

was only 6%, so that the C. D. Co. suffered severely. However, it

was not until 1909, more than 3 years after the control of the com

pany was taken over by the Southern Pacific interests, that any suits

were entered to foreclose on the collateral notes and mortgages secured

by the water stock.
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Soil Surveys of the Imperial Valley.—In the fall of 1901 the

Bureau of Soils, United States Department of Agriculture, made a

soil survey of Imperial Valley. On January 10'th, 1902, a preliminary

report, "Circular No. 9," was issued covering the 169 sq. miles of terri

tory which had been examined.* The report doubtless presented the

only possible conclusions, according to the information at that time

extant regarding alkaline soils of such depth as are found in the

Imperial Valley. It was very unfavorable, however, and calculated

to deter sensible people from settling in the region. For example,

one statement was as follows: •"• ' h

"One hundred and twenty-five thousand acres of land have

already been taken up by prospective settlers, many of whom talk of

planting crops which it will be absolutely impossible to grow. They

must early find that it is useless to attempt their growth. * * *

No doubt the best thing to do is to raise crops such as the sugar beet,

sorghum, and date palm (if the climate will permit), that are

suited to such alkaline conditions, and abandon as worthless the land

which contains too much alkali to grow those crops."

The warning was reiterated in a subsequent report.f It seems

certain that, had the territory not been already settled in very large

measure when these reports were sent out, Imperial Valley would yet

be unreclaimed.

Agitation in Favor of a Reclamation Service Project.—When the

United States Reclamation Service Act was passed, in June, 1902,

the crops produced in the Imperial Valley were causing a return

of confidence in the region, and the extraordinarily rapid development

was being resumed. The irrigation possibilities on the Colorado River

had already been examined by the United States Geological Survey,

and in 1903 plans for the Yuma Project were outlined. The engineers

of the Service were convinced that no diversion from the Colorado for

irrigation could be permanently successful where provisions were not

made for preventing the heavy silt from entering the canals—that

it would take an unpractically large amount of dredging to keep

canals leading directly from the river open for reasonably satisfactory

delivery of water. The cost of the Laguna Weir, borne by the land

owners of Imperial Valley alone, constitutes a serious burden, but, if

* "Fi.ld Operaoons of the Bureau of Soils, U. 8. Department af Agri.ulture, 1901, p. 58T."

+ "Soil Surv.y of th. Imperial Ar.a, California (Extending the Survey of 1901),
Advan.e Sheet of Field Op.raoons of the Bureau of Soils, 1909."
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borne by all the irrigable land in both valleys, the cost per acre

would be reduced to approximately one-fourth. Mr. William E. Smythe,

of San Diego, who has been very prominent in the work of the National

Irrigation Congress, and has written extensively on irrigation gen

erally, urged the people of Imperial Valley to join with the Yuma

Project; that the enterprise would then be backed by the Government

with unlimited funds; that they would be required to pay to the

Government only a small portion of the money they were obliged

in one way and another to pay the C. D. Co., and that they would

eventually attain the laudable desire of owning and operating their

own system. The Imperial Water Users' Association was accordingly

formed, with Mr. W- E. Holt, of Redlands, . Cal., as its President,

and negotiations were at once instituted with the C. D. Co. to ac

quire its canal system. Mr. A. H. Heber, President of the C. D. Co.,

who acted for it in the matter, knew that the estimates of the Reclama

tion Service for the canal line into Imperial Valley, lying entirely on

American soil, were at least $10 000 000, on account of the sand hills.

He believed that the Alamo River for 40 miles was a very satisfactory

main canal, and that by owning the 100 000-acre tract of the Mexican

Co., building another waterway through Mexican territory would re

quire the consent of the Mexican Co.; consequently, his idea regarding

the values of the property were excessively high.

As a natural feature of these negotiations, and with a view to tem

pering such ideas as to price, the right of the C. D. Co. to take water

from the Colorado was challenged. The navigability of that stream

suddenly assumed serious commercial, national, and international im

portance. As usual in such cases, these questionings were carried to

unfortunate extremes.

In the course of events, at a mass meeting held in Imperial on

July 30th, 1904, Mr. Heber offered to have the price fixed by arbitra

tion, one man to be appointed by him, one by the Imperial Water

Users' Association, and a third to be selected by these two. This was

not done, but the Engineers of the Reclamation Service made an ap

praisal of the C. D. Co.'s plant. The Imperial Water Users' Associa

tion appointed a committee headed by its president, Mr. Holt, to repre

sent it in all negotiations, and it agreed with Mr. Heber on a price of

$3 000 000. Mr. G. D. Walcott, Director of the U. S. Geological• Survey,

and of the Reclamation Service, made a report to the Secretary of the
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Interior in the matter on September 15th and again on October 1st,

1904, that

"from present knowledge of the conditions, a recommendation to pay

three million dollars for the property and rights involved is not

justified."

On being advised of this report, an endeavor was ostensibly made by

the Committee and Mr. Heber to secure different action. It appears,

however, that, without intimating to Mr. Heber that it had changed

front, the Committee agreed with the Reclamation Service authorities

against buying the property on the agreed basis. With such un-

pardonably bad faith on the part of the Committee, it is not surprising

that the matter ended with relations between Mr. Heber and the Recla

mation Service so strained that further negotiations were impossible.

In a further report made by Director Walcott on January 4th, 1905,

to the Secretary of the Interior, it was advised that, even if there were

no complications because of the unfavorable soil report by the Depart

ment of Agriculture and

"the present desperate situation of many of the inhabitants of the

Imperial Valley, it was a matter of grave doubt whether it was wise to

become involved in the situation. : ,

"Much of the land filed on is unsuitable for cultivation owing to the

larg-e amount of alkali and other adverse conditions of the soil. The

water supply is deficient, Owing to poor construction and accidents to

the canal system, and although during the fall months there has been

ample water, it appears that the people will : not utilize it, and from

best information are not planting crops to any considerable extent.

Difficulties of handling the silt are very great, and if the Government

is to take up the project, it must make enormous expenditures at once

to prevent the country lapsing into a desert condition." ' •

Shortly after this, it was announced by the Secretary of the Interior

that the Assistant Attorney General had concluded that no law existed

whereby it could deal with the problem of carrying water through

Mexico.

The effect of the entire incident was to render the people of the

valley antagonistic to the company, and at the same time split them

into several factions. More important, however, was the effect of the

severe criticisms of the plant and water rights of the C. D. Co., which

had been given wide publicity. The company's credit, which had

slowly but steadily improved since 1902, was again destroyed in South
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ern California and in the larger financial markets of the United

States. Consequently, early in 1905, when these negotiations ended,

the company was almost on the rocks.

Water Rights Attacked.—Because of the attacks on the right to

take water from the Colorado, then well under way, a bill was intro

duced into the House of Representatives in January, 1904, at the re

quest of the C. D. Co., declaring :

"That the water of the Colorado River for the irrigation of the

arid land that may be irrigated therefrom is hereby declared to be of

greater public use and benefit than for navigation, and the diversion

of the water from said river, heretofore made and that which may in

future be made, for irrigation purposes, in accordance with the laws

of the respective States and Territories in which such diversion has

been or may be made, is hereby legalized and made lawful.

"Section 2. That any person, firm, or corporation be, and is hereby,

authorized to divert, take, and appropriate water from the Colorado

River for the purpose of irrigation, in such quantity, subject to and

under the State appropriation of the State of California, as now in

force under the laws of said State." (H. R. 13 627, 58th Congress, 2d

Session.)

The U. S. Reclamation Service had filed on some of the flood-waters

of the Colorado in order to fill four large reservoirs between The

Needles and Yuma, then under contemplation, and such filings were

practically second only to those of the C. D. Co., so that the effect

of this proposed legislation, other than on the C. D. Co., was null.

The bill was bitterly opposed by Mr. Smythe, as representing the major

ity of the settlers in Imperial Valley. No attempt was made to

amend the bill with a view of protecting all interests in a fair and

equitable manner, but instead, under date of April 8th, 1904, the Act

ing Attorney General, Mr. Hoyt, in an opinion addressed to the Com

mittee on Irrigation on Arid Lands, to which the bill had been referred,

said:

"In view of these provisions [from the Treaty of Guadalupe-

Hidalgo, February 2d, 1848; of the Gadsden Purchase, December 30th,

1853; and the Boundary Treaty of November 12tb, 1884, between

Mexico and the United, States] and of the important irrigation projects

now and hereafter to be carried on by the United States Government.

I seriously doubt the wisdom of a surrender by Congress at this time

of all control over the waters of the Colorado River."
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Accordingly, the Committee reported* requesting the Secretary of

the Interior to investigate and report to Congress on the various ques

tions involved in the use of the waters of the Lower Colorado River,

with a view to determining their availability for irrigation, and recom

mend any legislation which might be necessary. Under this resolution,

Director Walcott reported through the Secretary of the Interior, on

December 24th, 1904, that governmental control of the waters of the

Colorado River was absolutely necessary to obtain the best results;

that, the river being navigable, water appropriations under the Arizona

and California laws were not valid ; suggesting that legislation be along

the line guarding present navigation interests ; confining diversions

heretofore made to the extent of actual beneficial use of the waters

diverted upon land capable of. producing remunerative crops, and

making the same appurtenant to specific tracts of land; and making

the approval of the Secretary of the Interior necessary with respect

to future appropriations.

Mexican Concession Secured.—Failing to secure an adjustment of

water rights at the hands of Congress, Mr. Heber went at once to

Mexico and quickly obtained a concession from President Diaz, which

was ratified by the Mexican Congress on June 7th, 1904.

This concession authorized the Mexican Co. to carry, through its

caiial system in Mexico, 284 cu. m. per sec. (approximately 10 000

sec-ft.), to be diverted from the Colorado River in United States ter

ritory by the C. D. Co. and turned over to the Mexican Co. at the

boundary line ; to construct an intake on Mexican territory, and con

necting with the said canal system, and divert through such intake

284 cu. m. per sec, to be used in the irrigation of lands in Mexico and

in the United States, but with the proviso, "without injuring the

rights of any third party nor the navigation as long as the river is

destined for navigation"; that, of the water carried in the canal,

enough should be used to irrigate the lands in Mexico susceptible of

irrigation by gravity to an amount not exceeding one-half the total

volume; that the Mexican Co. should begin surveys within 6 months,

and within 12 months file, with the Secretary of Development, maps

in duplicate of the proposed extensions and betterments, together with

a descriptive report, and entirely complete the same within 7 years;

* H.use J.int R.s.luti.n N.s. 14T, 133. State. 891. '..■.'
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that the company should pay into the Inspection Fund, as is custom

ary in all concessions granted by the Mexican Government, a sum,

in this case $300 (Mexican money), per month, and should be subject

to inspection by an engineer appointed by the Secretary of Develop

ment; granting the company the right of eminent domain over private

property and defining the process by which condemnation could be

carried out—incidentally with minimum possible difficulty—and per

mitting importation once for all, free of customs or duty, all equip

ment and apparatus necessary for the construction of the proposed

extensions and betterments, together with freedom from all taxes,

except stamp tax, for a period of 10 years; stipulating that under no

circumstances should the company sell or mortgage the concession to

any government or foreign state, nor admit it in partnership; that the

company should be subject to the laws and rulings now in force, and

which in future may be enacted, for the supervision and use of waters;

particularly specifying that the company and its assigns shall always

be considered as Mexican corporations, though all or any of its stock

holders should be foreigners ; that the corporation should be subject

to the jurisdiction of the Courts of the Republic in all affairs emanat

ing within Mexican territory, and that such stockholders should never

be able to allege the rights of foreigners under any circumstances, but

have the rights and the methods of establishing the same as the laws

of the Republic grant to Mexican citizens, so that, in any matters,

diplomatic or foreign agents should not have any interference.

Condition of Plant in the Summer of 1904.

From the first, there was a great deal of trouble with the Chaffey

Head-gate, chiefly because its floor was not down to the bottom grade

line of the canal, as originally planned. As has been explained, this

gate was a temporary structure, but well and substantially built. Just

as it was being covered up by the operations of the dredge, Alpha,

cutting the main canal into the permanent concrete head-gate from

below, in 1906, the writer examined it carefully and found it in an

excellent state of preservation. The floor was so high, however, that

it was necessary, during the low-water seasons of 1902-03 and 1903-04,

to cut a by-pass around the gate, and close it on the approach of the

summer floods. When the Mexican concession was obtained, the first

Mexican intake was cut from the river to the main canal, as shown

in Fig. 13.
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In the winter of 1902-03 there had been shortages of water in the

valley, due to the fact that the main canal had not been completed

to its final depth; and, with the apparatus and available funds on

hand, it was impossible to keep the water supply up to the demands

when the river fell exceedingly low. In the winter and early spring

of 1904, another water shortage caused considerable damage in the

valley, and claims amounting to $500 000 were presented to the com

pany. Every one of these was settled out of Court, however, in 1905

and the early part of 1906, with a payment of less than $35 000, taken

entirely in water and water stock, and the writer believes that every

claim was fairly settled, at least as far as the settlers were concerned.

Below the intake the first 4 miles of the Main Canal caused much

worry, due to the extent to which it silted up during floods, but, with

this exception, the plant of the C. D. Co. was in quite satisfactory

condition. The canals were generally well located and in fair condi

tion, and the structures, though of redwood and not concrete, were sub

stantially built according to good design, and were in excellent condi

tion. The canals in the distribution systems of the mutual water

companies were silting up constantly, on account of the muddy water.

In part, this was unavoidable, but was largely due to uneconomical

methods of water deliveries when dealing with muddy water, particu

larly in serving any settler bn his demand, regardless of the very low

velocity, if no one else wanted water from the lateral during the same

time. The silt problem in the distribution systems of these companies,

however, is as simple as it will ever be for any lands irrigated along

the Lower Colorado. The financial status of the various mutual com

panies was quite good, and they had generally established a small but

satisfactory credit with the local banks.

To avoid excessive silt depositions in the first 4 miles of the canal,

in February and March, 1904, the Best Waste-gate, so-called, was put

in 8 miles below the intake, where water could be wasted from the

Alamo channel through the Quail River into the Paredones River and

thence into Volcano Lake. This was a wooden A-frame, flash-board

gate, 60 ft. long, but it was carried away in June, 1906, by the side-

cutting of the banks while the Alamo channel was being enlarged by

that year's summer flood. The idea was to divert a large quantity

of water during the flood season of 1904, waste it through the Best

Gate, and in this way scour out the upper portion of the. canal. At



1278 IRRIGATION AND RIVER CONTROL, COLORADO RIVER

first the action was as expected, and some 2 ft. in the bottom were

carried away. When the river reached its maximum height during

the summer flood of 1904, however, and carried an excessive silt con

tent, particularly of the heavier and sandy type, this scouring action

was entirely overcome, and the bottom of this stretch was raised

approximately 1 ft. higher than during the previous year.

The Silt Problem.—This action accentuated, and properly impressed

on the engineers of the C. D. Co., the seriousness of the silt problem

in diverting the Colorado River water. Generally speaking, during

flood stages, the water carries all the silt it can transport, and the

faster the current the larger the particles it picks up and carries along.

It is certainly desirable, and probably essential, to provide settling

basins at or immediately below the diversion point, in which water

can be practically stilled and thus insure the deposition of the heavier

silt having very slight fertilizing value, and the admission of only such

partly clarified water into the canals. Unless some provision is made, as

at the Laguna Weir, the diversion canal immediately below the head-

gate must act as a settling basin, which is just what happened from

the very beginning in the canals of the C. D. Co.

The results of such excessive silting were obviated in various ways,

largely by the construction of new intakes, until the diversion of the

entire river occurred, and the permanent head-gate was put in service

in 1907. The clam-shell dredge, Delta, was utilized intermittently to

remove the deposits until 1910; then a submerged weir was built

across the river, to raise the water at the intake ; and lastly large suction

dredges were operated just below and just above the regulating gates.

Rather carefully kept records indicated that the bed of the canal

at the Lower Heading was raised a little more than 5 ft. between

March 1st, 1907, and March 1st, 1910, most of this taking place in

the first 6 months. The bed of the Alamo near Sharp's Heading

was raised approximately 2 ft. in the same time, and there is constant

deterioration all along between these points on the Alamo channel.

The reduction of capacity in the larger canals has been noteworthy,

but the maximum effect is shown in the smaller laterals constituting

the distribution systems of the various mutual water companies.

Mr. Robert G. Kennedy states* that on the Bari Doab Canal from

the Punjab River, the canals in Sind from the Indus and Shwebo,

*" The Prevenoon of Silong in Irrigaoon Canals," Minut.s of Pro...dings, Inst. C. E..
Vol. CHX, 1896, pp. 881-290. '
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and the Mandalay canals in Burmah, it appears that in a non-silting

and non-scouring channel the mean velocity is ' independent of the

width, but increases with the depth of the channel, according to the

equation : V0 = 0.84 cP-6i,

in which Va — the mean velocity of a non-eroding, non-depositing

current; and d = the depth for fine sand-silt, the constants varying

slightly with the kind of silt.

He also points out the exceedingly important deduction that during

flood stages in the river, the diversion of large quantities of water in an

effort to scour away silt depositions in the upper reaches of canals

will have the opposite result, because of the excessive silt contents of

the water diverted.

The same rule probably applies fully in the case of canals carrying

Colorado River water when they are free of vegetation. In point of

fact, however, rank growths of tules and willows spring up, on the

banks and berms and along the edges out into the water, with such

rapidity as to increase tremendously the deterioration of carrying

capacity, particularly in the smaller canals. Furthermore, the rate of

deterioration in these laterals increases with the decrease in channel

efficiency. The maintenance of the district distribution systems, there

fore, consists, in large part, in keeping down and removing the brush

and tules. • h

The various distribution systems were ordinarily designed and built

on the basis of a capacity of 1 sec-ft. per 120 acres of land there

under, although in some cases the ratio was decreased to 1 sec-ft. per

93 acres (8 in. vertical depth of water in a month). It would have

been just as well, indeed considerably better, and of course cheaper,

to have made the canals much smaller, for they were put into service

when only a small percentage of the land was in cultivation, and,

as they carried only a fraction of their capacity, they very soon silted

up badly. Removing the silt deposition and the accompanying tule

growths is fully as expensive as the excavation of the original section.

This needlessly large excavation was required by the contract pro

visions under which the C. D. Co. built the distribution systems of

the various mutual water companies, and such provisions at the time

were necessary to assure colonists that the water supply would be

ample. In the construction of the first lateral canals built, however,
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the leaving of inside berms was a defect which should have been

avoided. These flati stretches, usually kept damp and seldom deeply

submerged, afford ideal conditions for tule growths, and should be

studiously avoided in this region.

Canal Maintenance.—In general, the best method of clearing away

the brush, tules, and deposited silt in the smallest canals has been

found to be by Mexican or Indian hand labor. The presence of cheeks

and other canal structures at relatively close intervals makes the use

of machinery of questionable economy. For the large canals, "V's",

dragged by horses or traction engines, portable floating dipper-dredges,

Lidgerwood cross-drags, portable clam-shell dredges, and a number of

devices designed by local inventive geniuses have been tried with vary

ing success. The results in all cases depend so greatly on the effi

ciency with which they are handled and the local conditions under

which they work that it will not be profitable to attempt to give

any cost figures—indeed, with the exception of Imperial Water Com

pany No. 1, no cost-keeping worthy of the name has been attempted.

Perhaps the most satisfactory appliance for cleaning canals too

small for floating dredges is a clam-shell bucket arranged on wheels

so that it may follow along the bank. (Fig. 17.) The C. D. Co.

has two of these machines, manufactured by the Stockton Iron

Works, Stockton, CalM which cost $6 000 each, f. o. b. factory.

These consist of a clam-shell bucket having a capacity of 15 cu. ft.,

with a 40-ft. steel boom carried on an all-steel frame. The maximum

width is 14 ft. The power is supplied by a 15-h.p. Atlas gasoline

engine, manufactured in San Francisco, and the machine is self-

propelling, with two speeds forward and one reverse. No definite fig

ures, including deterioration and cost of moving from one job to

another, are available, but it is understood that the cost of handling

material with these machines is about 13 cents per cu. yd.,

For handling silt in the upper reaches of. the Main, Canal along the

river, the large 4-yd. dipper dredge, Alpha, used in, the, original con

struction, was perhaps the most efficient of all agencies for the first

few years until the waste banks along the canal became too high to

permit of. its further use; it handled material for about 6 cents per

cu. yd. A suction dredge, the Beta, equipped with a 12-in., Kroh centri

fugal pump—manufactured in San Francisco—was tried very soon

after the canals were put into service, but too much difficulty was



 

Fig. 18.—Thi.d Aatempt to Clos. Br.ak at Low.. M.xican Intak., Jun.

1st, 1905.
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caused by roots clogging the pipes and machinery. Mr. H. W. Blaisdell,

of Los Angeles, one of the principal stockholders of the C. D. Go.,

devised a rotary cutter for use at the end of the suction pipe, but it

was not successful. This dredge was used at the Lower Heading, in

the construction of the Rockwood Gate, and in the subsequent diver

sion work until June, 1907, when it was dismantled.

In the central main in the valley, and also in . the Alamo channel

just above Sharp's Heading, a 2-cu. yd. dipper dredge, the Gamma, has

been used almost continuously since it was put in operation in 1904,

removing material at about 5 cents per cu. yd. , ,

The clam-shell dredge, Delta, described in some detail later, has

done excellent service in silt removal and incidental levee building, as

well as in channel straightening, since its arrival on the work in

November, 1906. It is now engaged in building cut-offs and making

general channel improvements, rather than removing the silt deposits

direct.

In the summer of 1910 an arrangement was entered into between

the various mutual water companies combined and the Receiver of

the C. D. Co. whereby the former were to furnish the money and build

a suction dredge and rent it to the latter for 10% annually on its first

cost. This dredge was built just below the concrete head-gate, and its

operation is confined to the American side of the line, the contract

being entered into with the North American Dredging Company, of

Los Angeles, on December 10th, 1910, for the construction and equip

ment of an exact duplicate of one of the latter company's dredges in

San Pedro Harbor, for $57 300. After being put into service it was

found necessary to remodel the upper deck, in order to make the

quarters of the crew suitable for the climatic conditions, at a cost of

$950, and a bonus of $2 200 was paid for completion 11 days ahead

.f the contract time^4 months—making the total cost $60 450, exclu

sive of engineering, inspection, and legal expenses, which brought the

grand total cost up to approximately $63 600. This dredge, the

Imperial, has a hull 105 ft. long, 55 ft. wide, and 8 ft. deep, and is

equipped with a 15 by 60-in. Kroh centrifugal pump driven by a

vertical compound engine, steam being supplied by a 250-h.p. marine-

type boiler. This dredge handles the silt deposits in the enlarged

section of the canal below the head-gate at the Tate of about 200 cu. yd.

per hour lifted to an average height of 35 ft., at a cost of from 5 to 7



1284 IRRIGATION AND RIVER CONTROL, COLORADO RIVER

cents per cu. yd., exclusive of interest, taxes, and depreciation, using

crude oil fuel at $1.40 per bbl, equivalent to coal at $5.60 per ton.

The Imperial was equipped with a cutter for stirring up the mate

rial, but this was found to be unnecessary for handling the silt deposits

just below the head-gate, and the cutter engine, of vertical compound

type, with 8 by 15 by 10-in. Cylinder, was installed on the barge,

Silas J. Lewis, mentioned later, in the canal above the head-gate to

run the 10-in. Kroh pump formerly on the Beta, the resulting dredge

being known as the El Ceniro. Under like conditions, the Cost of

handling material with the El Ceniro is approximately the same as with

the Imperial.

With these two suction dredges, it is claimed that the bed of the

Main Canal has been lowered approximately 5 ft. above and at the

head-gate and for a distance of 3J miles below, diminishing gradually

to nothing throughout the next 2J miles. If future experience con

firms such results, it would seem that the periodic dredging of silt

depositions from a settling basin near the intake, at a cost of from

$30 000 to $40 000 per annum, will solve the silt problem in the Im

perial Valley canal system, except for the very fine silt which cannot

be gotten rid of except by allowing the water to be quiescent for some

time.

The following general cost figures on maintaining the, 373.25 miles

of canals of the distribution system of Imperial Water Company No. 1

during 1911 are taken from the annual report of the Superintendent,

B. S. Carberry, Assoc. M. Am. Soc, C. E.. ^

Cleaning 465 miles of canal cost $60.64 per mile. The figures in

1910 are 562 miles at $43.81 per mile, and the average cost for the

last 6 months of 1909 was $73.16. Clearing on. 194 miles of canal

cost $35.39 per mile. . Cutting brush on 392 miles cost $20.71 per mile.

The figures in 1910 were 346 miles at $43.47 per mile, and $60.65 per

mile for the last 6 months of 1909. .; ; . . , :

.. In this report it is stated that canal "V'ing" is the best method

for cleaning canals, generally speaking, and the company owns three

"W, each posting about $600, and three caterpillar traction engines

to operate them, each costing $4 200. During the year, 363.8 miles

of canal were "V'd" at $58.81 per mile, as compared with 362 miles

in 1910 at, $60.74 per .mile, the details being as follows: •■ , J. • „; . .
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"V'ing" $16.76

Repairs to engines 16.29

I..!■ Repairs to "V's" .... 5.00

• I • Fuel and oil 5.96

Mexican labor following "V's" 14.80

. : Total average cost per mile. ..... . . .$58.81

During the year, 1 415 miles of canal were worked on, so that the

whole system was covered in various ways nearly four times during

the year. A small portion of the system was not worked on at all, so

that this statement gives some idea of the difficulty in maintaining the

system.

The cost of building 117 new structures was $6 278.75, and the

cost of repairing old structures was $4 145.05, making the total cost

of structure maintenance and renewal $10 423.80. The average num

ber of men employed per day (300 working days per year) was 162,

or 0.43 man per mile of canal per day, in addition to teams and mach

inery. The bottom width of the canals constituting this system varies

from 20 to 5 ft. ,' '.. " .  

Canal Operation.—The mutual water, companies have never con

sidered delivering water to stockholders in rotation, but instead, with

out exception, supply any water user on demand, even though he may

be at the very end of a long lateral and the only person desiring water

from that lateral at the time. Thus, naturally, exceedingly small

quantities of water are carried occasionally in every canal except the

very largest laterals, and the result is low velocities and heavy silt

deposition and canal deterioration. The feeling seems to be general

that the additional cost of maintaining the various distribution sys

tems is more than offset by the advantages or convenience of the water

users in obtaining irrigation ; water at all times ort 24 hours' notice.

The amount which the maintenance cost of canals could be cut by

adopting a rotation system of delivery is problematical, but must be

between 35 and 65 per cent. This fact should be borne in mind in

making comparisons with the cost , data just given- !■.■-•

The Fourth or Lower Intake.

• This is such a very important matter that the reasons for digging

the lower Mexican intake and the method of handling it when
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completed are given by quoting from Mr. Rockwood,* the man

who did it;

"As soon as the summer flood (1904) dropped and I discovered that

instead of the bottom being lower it was approximately 1 ft. above that

of the year previous, we adopted the only means at our command to

attempt to deepen the channel.

"Knowing the character of the material to be removed, we knew that

with the dredging tools which we had (4-yd. dipper dredge Alpha and

12-in. suction dredge Beta), it would be impossible to dredge out: this

4 miles of canal in sufficient time for the uses of the valley, providing

the water in the river should drop as low as it had the previous year.

The dredges were brought back, however, and put at work, but the

result proved, as I had anticipated, that it would take practically all

winter to dredge the canals ; that is, it would take all winter to provide

new machinery, even if we had the money; and in hopes, then, that it

might possibly prove effective, I employed the steamer Cochan, and,

placing a heavy drag behind it, ran it up and down the canal in hopes

that by stirring up the bottom there would be sufficient velocity in the

canal itself to move the silt deposits on below the 4-mile stretch to a

point where I knew the water had sufficient velocity to keep the silt

moving. A month's work, however, with the steamer proved that the

work being done by it was inadequate.

"The Great Problem.—We were confronted then with the proposi

tion of doing one of two things, either cutting a new heading from the

canal to the river below the silted 4-mile section of the eanal, or else

allowing the valley to pass through another winter with an insufficient

water supply. The latter proposition we could not face for the, reason

that the people of the Imperial Valley had an absolute right to demand

that water should be furnished them, and it was questionable in our

minds as to whether we would be able to keep out of bankruptcy if we

were to be confronted by another period of shortage in this coming

season of 1904-1905. : ,. :•

"The cutting of the lower intake, after mature deliberation, and

upon the insistence of several of the leading men of the valley, was

decided upon. We hesitated about making this cut, not so much be

cause we believed we were incurring danger of the river's breaking

through as fron> the fact:that we had been unable to obtain the consent

of the Government of Mexico to make it, and we believed that we were

jeopardizing our Mexican rights should the cut be made without the

consent of the Government. On a telegraphic communication, however,

from our attorney in the City of Mexico, to go ahead and make the cut,

we did so under the presumption that he had obtained the necessary

* " Born of th. D.sert—Imperial Valley In Its raking Not A Dream—A Brief History
Of the California Developm.nt Company." By G. R. Rockwood. Second Annual Magazin.
Edioon. Calexieo Ch.onicle, Calexico, pal., May, 1909.
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permit from the Mexican authorities. It was some time afteT this, in

fact after the cut was made to the riveT, before we discovered that he

had been unable to obtain the formal permit, but had simply obtained

the promise of certain officials that we would not be interfered with,

providing that plans were at once submitted for the necessary con

trolling structures to be placed in this heading.

"Reasons Why.—This lower intake was constructed, not, as is gen

erally supposed, because there was a greater grade from the river

through to the Main Canal at this point. The grade through the cut

and the grade of the Main Canal above the cut were approximately the

same, but the cut was made at this point for the reason that the Main

Canal below the point where the lower intake joined it, was approxi

mately 4 ft. deeper than the Main Canal through the 4 miles above this

junction to the Chaffey gate, consequently giving us greater water

capacity. In cutting from the Main Canal to the river at this point, we

had to dredge a distance of 3 300 ft. only, through easy material to

remove, while an attempt to dredge out the Main Canal above would

have meant the dredging of 4 miles of very difficult material. We

began the cut the latter end of September and completed it in about 3

weeks.

"As soon as the cut was decided upon, elaborate plans for a controlling

gate were immediately started and, when completed early in November,

were immediately forwarded to the City of Mexico for the appr.val of

the engineers of the Mexican Government, without whose approval we

had no authority or right to construct the gate. Notwithstanding the

insistence of our attorney in the City of Mexico and various tele

graphic communications insisting upon this approval being hurried, we

were unable to obtain it until 12 months afterward, namely, the month

of December, 19.05.

"Unprecedented River Conditions.—In the meantime serious trouble

had begun. We have since been accused of gross negligence and crimi

nal carelessness in making this cut, but I doubt as to whether any one

should be accused of negligence or carelessness in failing to foresee that

which had never happened before. We had before us, at the time, the

history of the river as shown by the daily rod readings kept at Yuma

for a period of twenty-seven years. In the twenty-seven years there

had been but three winter floods. In no year of the twenty-seven had

there been two winter floods. It was not probable, then, in the winter

of 1905, that there would be any winter flood to enlarge the cut made

by us, and without doubt, as it seemed to us, we would be able to close

the cut before the approach of the summer flood by the same means

that we had used in closing the cut for three successive years around

the Chaffey gate at the head of the canal. .,' ' ■•

"During this year of 1905, however, we had more than one winter

flood. The first heavy flood came, I believe, about the first of February,
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but did not enlarge the lower intake. On the contrary, it caused such

a silt deposit in the lower intake that I found it necessary, after the

flood had passed, to put the dredge through in order to deepen the

channel sufficiently to allow enough water to come' into the valley for

the use of the people,

"This was followed shortly by another heavy flood that did not erode

the banks of the intake, but, on the contrary, the same as the first, .

caused a deposit of silt and a necessary dredging. We were not alarmed

by these floods, as it was still very early in the season. No damage had

been done by them, and we still believed that there would be no diffi

culty whatever in closing the intake before the approach of the summer

flood, which was the only one we feared, However, the first two floods

were followed by a third, coming some time in March, and this was

sufficient notice to us that we were up against a very unusual season,

something unknown in the history of the river as far back as we were

able to reach; and, as it was now approaching the season. of the year

when we might reasonably expect the river surface to remain at an

elevation that would allow sufficient water for the uses of the valley

to be gotten through the upper intake, we decided to close the lower.

"Five Floods in One Season.—Work was immediately begun upon a

dam similar to the ones heretofore successfully used in closing the cut

around the Chaffey gate. The dam was very nearly completed, when

a fourth flood coming down the river swept it out. Work was imme

diately begun on another dam which was swept away by the fifth flood

coming down during this winter season."

-' These closings of the by-passes or cuts around the Chaffey Gate

were effected by throwing a barrier of brush across the cut and drag

ging earth over it with Fresno scrapers, pushing it into the water on

the up-stream side, thus gradually rendering the barrier impermeable

and then building it up as an earthen dam. In attempting to make

the closure here mentioned, in March, a small pile-driver was rigged

up on the end of the Alpha, and .one fine of 8 by 8-in. pine timbers,

3 ft. .apart, was driven across the opening about 3 000 ft. west of the

river bank, and an 8 by 8-in. waling was bolted to each pile above

the water surface. Brush fascines were then made up, and all the

sand hags available—about 10 000—were filled in readiness. Simul

taneously from each side, brush fascines with the brush ends up

stream, were piled above the piling and weighted down with sand bags,

making alternate layers of fascines and bags, until . the water was

confined to a 30-ft. channel in the. center. This barrier was about

20 ft. thick up iand down stream: The opening was then spanned1 with

long cottonwood timbers and a similar brush-sand-bag construction
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was built upon them. The. supporting timbers were then shattered

with dynamite, letting the mass drop into the opening. At the same

time a large quantity of brush was thrown in above and allowed to

float into the opening to help close it. In this way the barrier across

the opening was built above water and teams passed over it dragging

in dirt from both sides, the flow being reduced so greatly that the

dredge below it nearly went aground. With a few thousand more

sacks of earth to place along the upper toe of the barrier, the work

would have been successful. As it was, the structure was undermined,

settled down, and eventually failed entirely.

In this attempt 10 000 sacks were used, 8 days' time with the

dredge at $100 per day, and 225 men-days time of Indian labor at

$1.50 per day. This makes the total cost of closing about $1 800.

Instructions were then given to move the dredge up close to the

river bank, where the soil was thought to be better,, and make another

attempt. The current through the break, however, was too swift, and

instructions were given to go up the old Main Canal to the upper

Mexican intake to stop it, which was done, using the method which had

failed below..

A similar method was used to throw the water through the Alamo

Waste-gate on its completion in June, 1905, 3 months later, 30 000

sacks of earth being filled in readiness, and every one used. This

barrier dam was thrown across the channel carrying 2 500 sec-ft. of

water and with a total or final head of 10 ft. This has always seemed

to the writer to have been a most remarkable achievement, the only

equipment at hand being a skid pile-driver and Fresno scraper teams.

To resume Mr. Rockwood's narrative:

"About this time, I left for the East and at the earnest solicita

tion of the Imperial Water Company No. 1, which agreed to advance

$5 000 for the effort, a third* attempt to close the break was made

under the direction of Mr. C. N. Perry and the superintendent of

Imperial Water Company No. 1, Mr. Thomas Beach. On my return

from the East, on: the 17th of June, I f6und them heroically attempt

ing to stop the break, with the waters so high in the Colorado that all

of the banks and surrounding lands were flooded, and I immediately

stopped the work as we realized fully that nothing could, be done until

after the summer flood had passed.

"The Colorado on a Rampage.—At this time; the lower intake had

been enlarged from a width of about 60 ft., as originally cut with the

' •■ ' :* Really, th. s.c.nd s.ri.us att.mpt, Fig. i4. ' "
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dredger, to a width of possibly 150 ft., and it did not then seem

probable that the Colorado River would turn its entire fl.w through

the cut, but as the waters of the river began to fall, the banks of the

intake began to cave and run into the canal, the banks of the canal

below the intake fell in and, as known by most of the residents of

the valley, the entire river began running through the canal and into

the Salton Sea in the month of August of this year of 1905."

Plate XLVII shows the discharge at Yuma to have been an un

precedented sequence of floods from the Gila water-shed. Indeed, the

precipitation throughout all that region traversed by the Southern

Pacific line from Yuma to very near El Paso during this period was

quite without precedent. Track ballasted with local material, which

had always proved satisfactory, was during this year the despair of

the entire Maintenance of Way Department, and for months train9

were allowed to go over it only at half speed and with lurchings of

the coaches and Pullman sleepers like ships at sea.

Mr. Rockwood's statement gives a very fair presentation of the

matter as he viewed it. The writer is perhaps as well aware as any

one that the river was diverted through this cut into the Salton Sea,

and when he first inspected the situation in August, 1905, he felt, like

practically all other engineers who gave the matter cursory considera

tion, that making this cut was a blunder so serious as to be "practically

criminal." After 4 years of more or less bitter experience with the

region, he is perfectly convinced that, matters having gotten into such

condition, making the cut was absolutely imperative and by all means

should have been done. The difficulty had not been any tendency

whatever to divert the entire river, but—very much to the contrary—

to induce enough water to go that way. Up to that time, a head-gate

to prevent too great a quantity of water from entering the canals was

of far less importance than some means of maintaining their carrying

capacity. That a head-gate should have been provided is, of course,

self-evident. It would have been utter folly, however, to have put a

flash-board gate of any type directly in the diverting channel, because

of the drift which' would have accumulated against it. Nothing less

than a structure containing immense openings could have been used

without insuring that the cut would be choked up. This type of con

struction was practically unused in western irrigation works at the

time, and would have cost a great deal of money, therefore, consider

ing the financial condition of the C. D. Co., it is, plain that the only
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practical thing would have been a gate, not in the cut itself, but in

a by-pass, and built with the idea of closing the by-pass on the ap

proach of the summer floods and using this gate as much as possible.

It was not alone the straitened financial condition of the C. D. Co.

and the situation generally in which it found itself which resulted

in there being no permanent diversion works put in; two other im

portant factors entered. The first was the practical change of manage

ment, from a construction point of view especially, to the Chaffeys

in the summer of 1900; back to Mr. Rockwood in February, 1902,

and internal difficulties in the C. D. Co. late in 1904. The second—

indirectly connected with the first—was the hesitancy of the manage

ment to provide permanent head-works before the technical men in the

corporation had agreed as to what the situation demanded. The real

mistake was not in "putting all the eggs in one basket," but in

not "then watching that basket." Obviously, no one could be respon

sible for doing such a thing without realizing the need for watching

it most carefully and being fully prepared to take most aggressive

action should occasion arise. ■ ,. ,

. „ : .Southern Pacific Loan. ,,. . .. ,

Early in January, 1905, it occurred to the management of the

C. D. Co. that the phenomenal development of traffic furnished to

the Southern Pacific Railroad by the Imperial Valley warranted

the hope of financial assistance from that corporation. Mr. Julius

Kruttschnitt, Director of Maintenance and Operation of the Harri-

man Lines, declined to consider the proposition, but Mr. Harri-

man, on being approached, was at once interested and ordered

an investigation and report. As a final result, the Southern Pacific

Company agreed to loan $200 000 on condition that 6 300 shares of the

capital stock be placed in the hands of a trustee to be named by the

Southern Pacific Company until the loan should be repaid, and taking

over the management of the property until that time. Accepting a loan

under such conditions was seriously objected to by a large part of

the company's stockholders, but at the annual meeting in Jersey City,

in May, a board was elected pledged to the arrangement. On June

20th, 1905, the Southern Pacific Company took over the management

of the property, with Mr. Epes Randolph, President of the Asso

ciated Harriman Lines in Arizona and Mexico, as President, and



1292 IRRIGATION AND RIVER CONTROL, COLORADO RIVER

Mr. W. J. Doran, of Lo9 Angeles, as the trustee mentioned in the

contract. Beth these gentlemen are still acting in these respective

capacities. When the loan was arranged, and even when it was

finally consummated, the railroad officials in San Francisco and the East

did not consider the conditions along the river worthy of serious concern.

Mr. Rockwood was retained temporarily as Assistant General

Manager and Chief Engineer, as members of the Southern Pacific

management were entirely unfamiliar with the affairs of the C. D. Co.

Third Attempt to : Close the Break.

As soon as the summer flood of 1905 began to recede, work was

started. Immediately opposite the lower intake was an island, later

dubbed Disaster Island, about f mile long and i mile wide, consisting

really of a sand bar on which quite a growth of cottonwood and arrow

weed had accumulated. A line of piling, 12 ft. from center to center,

was driven from the upper end of this island to the Mexican shore, as

shown in Fig. 15, and between this piling was woven barbed wire and

brush. The theory behind this work was that, by spreading over a great

width the water passing down the west channel and into the lower intake,

a sand bar would be created, thus choking off the flow and gradually

forcing all the water into the east channel. On July 15th about one-

third of the river flow was going down ^he.old. channel and two-thirds

toward the Salton Sea, and the result of this endeavor was still prob

lematical. By August 1st a bar, approximately 2 800 ft. long, had been

formed, but there was an opening, approximately, 125 ft. long, through

which the lush of water was. too great to be controlled with the means

at hand, and the work was abandoned. Up to this date, about ,$30 000

had been expended on the f.regoing endeavors to close the break.

• Various Suggestions for Handling the Situation.

At this time it was evident to all that the low-water flow of the Colo

rado would be entirely diverted into the old Alamo overflow channel and

thence to the Salton Sea. The elevation of the water surfac.e at the head

of Disaster Island, with a flow in the river of 10 000 sec-ft., was approxi

mately 100 ft., while the bottom of the Salton Sea is approximately

— 28Y ft., makLng the total fall in that direction 387 ft. The distance

was about 95 miles by the watercourses, so that the average fall was 4.01

ft. per mile. Toward the Gulf the fall. was 100 ft., and the distance to
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tide-water was approximately 80 miles, or a fall of 1.25 ft. per mile.

The continually diminishing quantity of silty water going down the

old channel as the summer flood receded was constantly raising the

bed along that direction, the action being rapid enough to be notice

able almost daily. In all probability there were about 6 months ahead

during which the flow of the water would be low, and before this period

should elapse the river must be re-diverted or the consequences would

be most serious. . .. , •

The plant and the salt deposits of the New Liverpool Salt Com

pany in the bed of the Salton Sea were already entirely submerged,

the water covering about 100 000 acres, with a maximum depth of about

16 ft. Except for the increase of depth and the consequent increase

in the length of time this property would be shut down, no additional

damage was really being done at this point. Indeed, 14 years earlier,

this property was covered to a depth of 6 ft. by the great flood of

February, 1891, and the summer flood following, and in all probability

a similar and greater inundation would have resulted from the ex

cessive floods during the spring and summer of 1905 had the C. D. Co.

never constructed any works along the river. The rising waters of the

Salton Sea were threatening the tracks of the Southern Pacific Rail

road along the east side of the sink, and the officials of the Los Angeles

Division were clamoring for aggressive action. The higher officials

of the company, however, were not yet very much perturbed. On the

other hand, the Alamo channel was being enlarged and deepened, to

the very great benefit of the C. D. Co., and the irrigation system of

Imperial Valley, because the insufficient carrying capacity of this chan

nel and the heavy silt deposits therein constituted a serious menace to

the entire project.:. - • I' • . ••. • .

To close the lower intake entirely meant obtaining all the water

required for the irrigation of Imperial Valley through the 4 miles of

badly silted Main Canal lying between it and the upper intakes, and

this was out of the question. Even with large sums of money, which

might be obtainable from the Southern Pacific interests, machinery

could not have been bought, assembled, and put into operation in time

to have permitted the delivery of more than enough water to supply

the inhabitants and live stock of the valley with drinking water if the

river flow should be reduced to 6 000 or 7 000 sec-ft. Imperial Valley

at that time consisted of at least 125 000 acres under cultivation, five
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towns with an aggregate population of 2 500 people, and a rural popu

lation of approximately three timea that number. There were, perhaps,

100 000 head of hogs, 50 000 head of cattle, and other live stock in

proportion.

Many plans were suggested, from this time, August 1st, 1905, until

the break was finally closed in 1907. Many of these, of course, were

thoroughly absurd, and came from cranks and people who had not the

faintest conception of the conditions. Indeed, almost the only people

who appeared to be able to see that the problem was not merely one of

shutting off the lower intake were the engineers of the G. D. Co. and

a few of the well-informed men in Imperial Valley.. Representatives

of the New Liverpool Salt Company, the Southern Pacific Company,

various departments of the United States and Mexican Governments,

and the general public, all joined in demanding aggressive action to

stop the menace of a new Salton Sea.

Such suggestions were addressed to Mr. Harriman and to nearly

every other official of the Southern Pacific interests, and to Mr.

Randolph and other authorities of the C. D, Co. Ultimately, most of

these found their way to the writer; they constitute a most interesting

collectionj It is not profitable to mention more than four of these

suggestions, which may be designated the Laguna Weir Plan, the

Concrete Head-gate Plan, the Rockwood Head-gate Plan, and the

Barrier Dam Plan. Edwin Duryea, Jr., M. Am. Soc. C. E., also offered

to close the break according to a plan, which, however, he declined to

outline. ' ■ . .

The Laguna Weir Plan.—The Laguna Weir Plan consisted in aban

doning operations for the time being at the scene of the break; con

centrating all efforts on the completion, at the earliest possible date,

of the Laguna Weir, which was being built by the U. S. Reclamation

Service ; building a canal thence passing Pilot Knob and intersecting

the break from \ to | mile west of the Colorado River, this canal to

have a capacity equal to the low-water flow of the river; then diverting

all the river water through this canal; finally, to build a dam across

the intake between the canal junction and the river bank in still water.

The Laguna Weir was actually completed in the early spring of 1909,

just before the annual : record flood of that year. It is not clear just

how its completion could have been essentially hurried. Had this

plan been followed, the Colorado would have emptied into the Salton
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Sea for 3 years longer than it actually did, and during this time

55 000 000 acre-ft. of water went by Yuma, only a very small portion

of which would have gone down the old channel to the Gulf. This

would have raised the water in the Salton Sea to the 180-ft. contour,

with the effect of drowning out a large area of cultivated land in the

Coachella Valley and forcing the abandonment of 60 miles of main

line track by the Southern Pacific Railroad. •• *

These effects, however, would have been of relatively minor im

portance. The irrigation system of Imperial Valley would have been

strained far beyond the breaking point in several places, while the

cutting back in New River would unquestionably have reached the

Alamo channel and lowered the water therein far beyond the point

where any could have been gotten into the Imperial Valley by gravity.

This, of course, would have meant the depopulation of that region, an

appalling result, without parallel in history, h

The Laguna Weir Plan is thus seen to have been impracticable,

and no one actually connected with the work gave it serious considera

tion. Nevertheless, Director Walcott, of the U. S. Geological Survey,

who was a close personal friend of Mr. Harriman, strongly advised it,

and Mr. Harriman almost insisted upon it for quite a time. :' • . •

Concrete Head-gate Plan.—The Concrete Head-gate Plan was put

forward by the late James D. Schuyler, M. Am. Soc. C. E., who acted

as Consulting Engineer of the C. D. Co. from July, 1905, to June, 1906.

It consisted essentially of building a reinforced concrete and steel

head-gate on the Pilot Knob site, where solid rock foundation could

be secured, such gate to be able to carry the low-water flow of the river ;

and then, from this head-gate down to its junction with the crevasse,

to enlarge the canal to a. similar capacity. This, it was considered,

would permit the diversion of all the water through the head-gate and

canal, leaving the river below, and consequently the break itself, dry.

The underlying idea was somewhat similar to that of the Laguna Weir

Plan, except that it contemplated only 4 miles of canal enlargement

and a diversion structure which could be completed in 3 or 4 months,

instead of 3 years.

This plan involved the construction of permanent head-gates on

rock foundation at Pilot Knoh, so long contemplated ; and the con

struction and equipment of. a dredge with which the requisite 4 miles

of, canal could be dug economically and quickly. The idea was adopted
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in r: tentative way in September, 1905, approximately 90 days after

the Southern Pacific Company undertook the management of the

C. D. Co., and Mr. Schuyler was instructed to proceed with the prepara

tion of plans for the head-gate, while Mr. F. S. Edinger, under whose

direction the Edinger Dam was built, arranged for the dredge. At

the suggestion of the Golden State and Miners Iron Works, of San

Francisco, the clam-shell type, with 150-ft. boom and 5-cu. yd. bucket,

was selected. Work was begun on the concrete head-gate on December

15th, 1905, and contracts for the clam-shell dredge were arranged a few

weeks later. h

One of the chief recommendations of this plan was that the con

structions, in large measure, would be permanent. It was assumed that,

while perhaps the maximum quantity of water which would have to

be diverted for the irrigation of Imperial Valley would never ex

ceed 5 000 sec-ft., a gate twice as large would not have any particular

disadvantages in its maintenance or operation. It was urged, further,

that this arrangement of diverting structure and large canal would

be available in case of future breaks, should any ever occur.

The difficulty about the plan was that; regardless of the size of the

gate, enlarging the 4 miles of canal to carry 10 000 sec-ft. within

sufficient time to afford reasonable relief was a very serious problem,

while the capacity of this canal would be reduced so quickly by silt•

deposition that its use in case of future breaks would be out of the

question. Furthermore, to insure the diversion of all the water in the

river, required a canal cut considerably below the water-table in the

ground through which it would have to pass, and large patches of

quicksand occur so frequently in this region that it would be folly

to hope to miss all of them. 1 Such patches would cause ' the inflow of

material from the sides and the bottom to a serious extent '"h

Mr. Rockwood's Plan.—Mr. Roekwood urged the ' necessity of a

rapid re-diversion, 'Hot £6 much because of the effect on the Southern

Pacific tracks along the Salton Basin as because he understood the criti

cal condition at a number of points in the irrigation system of Imperial

Valley, and that the severe strain could not be withstood successfully

for very many months. His suggestion, made in August, 1905, was

to put iny immediately beside the break, a wooden A-frame, flash-

board head-gate, capable of passing the low-water flow of the river;

with dredges to dig channels, from the break to the gate both above
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and below ; divert the water through this by-pass and gate with a piling-

brush-sandbag barrier dam; complete the dam as an earth fill across

the break, and build levees both up and down stream as far as might

be necessary; then close the gate to such an extent as would admit

only enough water to supply the irrigation needs. This plan was ap

proved, and work was started on September 20th. It was abandoned

completely 3 weeks later; was again approved on December 15th, 1906;

and was carried out until the gate construction failed, in October,

1906. It was daring only in its size and the foundation of so

important a structure on alluvial soil, and it would have resulted in

permanent diversion works on Mexican soil—where, by all means, they

should have been, originally, and as contemplated in the Mexican con

cession, granted in 1904.

The Barrier Dam Plan.—The Barrier Dam Plan consisted in

throwing a barrier dam of some sort across the crevasse and raising the

water surface above it sufficiently high to throw all the discharge of

the river down the old channel to the Gulf. The usual type of dam

suggested was of piling and brush mattresses of fascines weighted

down by sandbags. This method seemed to its proponents to afford

opportunity for decreasing the quantity of water diverted in the mini

mum time, and neglected that side of the problem which required the

furnishing of water for the Imperial Valley. The best plan for a

structure of this type was that put forward by Mr. Edinger, and

worked on under his direction from early in October until its destruc

tion by the great flood of November 29th, 1905,

Fourth Attempt to Close the Crevasse.

Mr. Rockwood presented his plan to Mr. Randolph and Mr. Schuyler,

and they, as well as several engineers of the Southern Pacific Company,

approved of its trial. Plans were hurriedly worked out for a wooden

A-frame, flash-board gate, 120 ft. long, with a concrete floor, and

founded on piles. Rush orders for materials were placed, and the first

shipments left Los Angeles on August 7th. It was fully expected to

have the structure completed by November 15th.

The original intention was to construct the gate in a by-pass to be

excavated by the dredge Alpha on the south side of the intake, but

examination showed an unfavorable foundation, as the ground slid

into the cut so rapidly that the dredge was almost caught and held by

it. The plans, therefore, were changed, and it was decided to construct
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a by-pass on the other side of the break; force all the water through

this by-pass; and then build the structure where the intake had been,

thus saving both time and money in the excavation. The break at this

point was about 300 ft. wide—just about the length of excavation re

quired for rapid and successful construction. The dredge was put to

work on this by-pass, and no difficulty whatever was found in making

the 700-ft. cut required. The plan worked very well, and a large part

of the water began to go that way at once. Work was begun on the

up-stream side of the coffer-dam, the idea being that, when all the

water was diverted through the by-pass, another earthen dike would

be thrown in, about 250 ft. below the first, and thus make the coffer

dam for the gate construction. In this way, the second dam would be

built in still water and in very short order with the dredge.

At this time—about September 15th—it became evident to Mr.

Rockwood that he could not attend to the business affairs of the com

pany properly and remain in personal charge of the work along the

river. It seemed easier t. find some one capable of completing the gate

in accordance with the plans outlined than to find any one qualified t.

handle the corporation's affairs. Mr. F. S. Edinger was selected, as he,

until June, 1905, had been for many years Superintendent of Bridges of

the Southern Pacific System, and had had very large experience in

coffer-dam work. About 3 months previously he had left the Southern

Pacific Company and entered the contracting firm of Shattuck and

Desmond, of Los Angeles and San Francisco. About September 20th,

Mr. Edinger and Mr. Rockwood went over the ground and the plans

together, and Mr. Edinger commenced the work.

The records show that, about October 1st, the river usually rises 2

or 3 ft., principally due to rains on the water-shed of the Gila River

and Bill Williams Fork. This year was no exception, and the slight rise

about October 1st shook Mr. Edinger's confidence in the plan. He

quickly outlined a barrier dam plan to Mr. Randolph, who, approved

of it, and work was shifted to it at once. This plan consisted of con

structing a piling and brush dam across the west channel between the

head of Disaster Island and the Mexican shore, a distance of about 600

ft., and it was expected that the river would all be turned down the

east channel before a gate could even be put in. All material was at

once removed from the gate site, and work was rushed on the construc

tion of what is locally kn.wn as the Edinger Dam.



 

Fig. 19.—Rockwood Head-Gat., Octob.r 6th, 1906, Passing

12 000 S.cond-F..t.

 

Fiq. 20.—Bding.b Dam, Novembe. 8th, 1905. B.ush and Wi.e Mat in

Foreground, Ready to be Plac.d.
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This plan of handling the situation, in addition to shutting off all

water flowing into the Imperial Valley through the lower intake, was

seriously defective in that even a short flood sufficiently great to send

any water overhank in the immediate vicinity of the dam—and that

would require much less water than usual on account of the silted-up

condition of the whole river hed below the break—would in a few

hours result in cutting a channel around the end of the structure

and entirely shunting it. Indeed, such a re-diversion was exactly what

took place a little more than a year later, when the waters broke under

the levee, J mile south of the Hind Dam, in December, 1906. Had.the

Edinger Dam been entirely successful and completed on November

15th, such re-diversion would have been caused by the terrific flood of

November 28th, and so on ; the hydrograph, Plate XLVH, shows a num

ber of floods sufficiently great to have done this. Indeed, at this time, no

one seems to have realized that a large, deep, and efficient channel had

been created from the Lower Heading westward for many miles, and

that future safety demanded, not only closing the intake, but an elab

orate system of levees reaching miles both up and down stream^ : . ,, .i

The plan of the Edinger Dam consisted in driving rows of piling and

filling the interstices with brush mattresses and fascines. The idea

behind it was essentially similar to that of the work abandoned about

August 1st. To have been successful, the construction would have had

to withstand a head of from 8 to 10 ft. However, on November 29th,

when a head of 35 in. had been obtained, a terrific flood came down from

the Gila, reaching a gauge height of 31.3 ft. at Yuma and a discharge of

115 000 sec-ft. Large quantities of drift were carried by the flood-

waters. This drift collected against the Edinger Dam in great quanti

ties, and a large volume of water went down the east side of the island

and the old channel. Before the flood had reached its peak, the dam

started to give' way, and in an incredibly short time was practically'

destroyed. When the river had again fallen, the old channelwas silted

up higher than before, the new channel was scoured still deeper, and

when the flow of the river had decreased to 17 500 sec-ft. all the water

was again going toward the Salton Sea.

'The flood hot' only wrecked the dam, but carried away practically

all the material on the ground, and, after it receded, side-cutting along

the west side of Disaster Island began to take it away rapidly. It

was sooii obvious that it would be folly to resume work at that location,
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and it was decided that the piling-brush-sandbag barrier dam method

was not to be given further consideration.

So much water went through the break to the valley, at the failure

of this dam, that the Alpha was sent to the Quail River and put to

work cutting a channel southward in the hope of diverting a large part

of the flow into the Paredones and thence via Volcano Lake into the

Gulf. It was an endeavor to divert a large part of the water from

an old overflow channel on the north side of the delta cone into an

overflow channel on the south side thereof. It had little result, how

ever, and the Quail River cut soon closed itself.

On October 15th there were 20 white men and 25 Indians at work

on the Edinger Dam; on November 1st, 42 white men and 50 Indians;

on November 10th, 106 white men and 65 Indians, and on November

29th, 250 white men and 80 Indians. Two steamboats with barges at

tached, and the relatively large barge, Silas J. Lewis, with their crews,

were also at work. ■ "

On the books of the company, the cost of the Edinger Dam is not

thoroughly segregated from the expense incurred in the head-gate work

up to the time of its abandonment for the barrier dam plan. The

expenditures on it, however, were about $60 000, and the grand total

to December 1st, 1905, was about $100 000.

Fifth Attempt to Close the Chevasse.

It was decided to work simultaneously on the Concrete Head-gate

plan and the Rockwood plan, which was done.

Concrete Head-gate.-—The location of this interesting structure is

shown on Fig. 22, where the granite point of Pilot Knob is near the

right bank of the river. The general design was outlined by Mr.

Schuyler, and the principles used, dimensions, elevations of flow, etc.,

were submitted to Messrs. Rockwood and Randolph, and approved by

them. George S. Binckley, M. Am. Soc. C. E., then worked out the

details and prepared the working drawings. Contracts for the struc

tural steel and ironwork were let to the Llewellyn Iron Works, of Los

Angeles, and for the construction work to Mr. Carl Leonardt, als.

of Los Angeles, on November 25th, 1905. Time was made the essence

of the contract, and Mr. Leonardt hurried the necessary equipment to

the ground and began actual work 2 weeks later. Although it was ex

pected to complete the gate ready for use within 90 days, the entire job

was not finished until June 28th, 1906.
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SIXTH AND SUCCESSFUL

ATTErPT TO CLOSE THE BREAK

OCT. 12 TO NOV.4, 1906

FiiS.23

FIFTH ATTErPT TO CLOSE THE BREAK-

JULY 1, TO OCT. 11, 1906

AFTER SUrrER FLOOD



1304 IRRIGATION AND RIVER CONTROL, COLORADO RIVER

Type and Size.—The intake gate is doubtless the largest and most

expensive irrigation canal head-gate in America. The design is a modi

fication of the Taintor or radial-gate type, which has been used for

many years for irrigation constructions in the Western States. This style

of structure was adopted in order to obtain openings of maximum area

easily and quickly opened or closed by one man. It had probably not

been used in Calfornia, although a large wooden radial-gate had

been built some years before at the head of the so-called Peoria

Canal from the Gila River, near Gila Bend, Ariz. It was about 25 ft.

high and SO ft. wide, which is nearing the extreme for construction

of that class. This wooden gate, however, was never used, as the dam

across the; Gila River, was destroyed by flood soon after its completion.

The rnaximum height of radial-gates and canal head-works in Idaho

at the time was about 11 ft., and the water was not expected to rise

to the top of the gates, the river level being controlled by other means.

•Sere, however, the extreme flood level is 19 ft. higher than, the low-

water level, so that gates at high flood tinie are subjected to great pres

sure. Sufficiently large vertical lifting gates would have required

very heavy and massive piers, and the gate would have been very large

and disproportionately high as compared with the width. These con

siderations Caused the adoption of culvert openings between the piers

for. supporting a cellular structure of reinforced concrete, and thus

admitting of loading the construction with gravel filling in the cells

in order to get the required stability and weight at minimum cost.

The gates were thus required to close culvert openings of minimum

size, being in fact.no larger than with the head at a uniform low-water

height, although, of course, much heavier and stronger on account of

the increased pressure at flood stages. There are eleven such culverts,

each 10 ft. high and 12 ft. wide. In addition, there is a "navigation

pass," the purpose of which was to permit passing a small gasoline

launch through the gate. This navigation pass is practically useless

because the mill race through it, when the difference in, water level

above and below the gate exceeds 1 ft., precludes the idea of dragging

a boat through it ; indeed, no attempt has ever been made to use it.

The floor of the gate is 98 ft. above sea level, according to the C. D. Co.

datum, and 100.9 ft. according to the U. S. Reclamation Service

datum. At the time, and until after the summer flood of 1909, the

average low-water surface in the river was about 108 ft. The elevation
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of the flow line at the gate, therefore, was fixed so that the culverts

would run full at low-water stage. The present low-water surface is

about 105 ft. •: : ..■■i

The area of the eleven culverts is 1 320 sq. ft., and, with the water

1 ft. higher on the up-stream than on the down-stream side of the

gate, their combined discharge would be 8 500 sec-ft. In addition, a

large quantity of water would go through the navigation pass, which

is 10 ft. 3 in. wide. When the water is 10 ft. above the top of the

culverts, it is necessary to close the gates within 3.8 ft. of the bottom

to hold the discharge through them down to 10 000 sec-ft., when the

carrying capacity of the canal below is great enough to allow the water

to get away.

The gate was designed to pass the entire low-water flow of the

river—which it was assumed would certainly not exceed 10 000 sec-ft.—

without any diverting dam in the river opposite it.

Cost of Structure.—Table 12 gives the cost of this structure, with

the contract prices for excavation, concrete work, etc.

The cost of the gate, however, was considerably more, because

Contractor Leonardt presented a claim, insisting that the prices for

earth and rock excavation named in his contract were agreed to by him

on certain assurances made by Mr. Roekwood as to the character of the

excavation, which had proved more difficult than was expected. This

claim was made as soon as Mr. Leonardt's representatives reached the

ground, and Mr. Randolph permitted a change to a force account basis

because of his desire to hurry the construction in every possible way.

The earth excavation in this way cost 64 cents per cu. yd. and the

rock $2.06, thus increasing the figures by $10 813, making a. grand

total of $55 221.08.

Careful accounts were kept, and it was ascertained that the con

tractor made a profit of $2 700 on the concrete, and $741.50 on erecting

the gates. What the earth and rock excavation should have cost is a

matter of some,, though slight, interest tq the Profession, as these

would necessarily vary according to local conditions. . As a matter of

fact, with a good pumping, plant, a mining nozzle or giant, a hydraulic

elevator, and some pipe, the earth excavation could probably have been

handled for 20 cents per cu. yd., and possibly less. Much of. the rock

was fairly soft, and could, have been worked easily and cheaply, so

that, had the contractor put in power drills and , one. or two, long
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boom derricks to handle the rock out of the cut, it is probable that

the cost of such excavation would not have exceeded the contract price.

The quantity of water entering the coffer-dam, or rather excavation

pit, was surprisingly small.

 

TABLE 12.

Gat. St.uctu...

vaoon, 12 687.1 cu. yd. at $0.25..
vaoon, 5 700.81 cu. yd. at $1.00..

R.infor.ing steel bars, 25 722 lb. at 4 .ents

,yJ:

$3 159.28
5 700.81

4 432.25

I cents

 

Charges against contra.tor

. . .

Total cost of gat. stru.ture

10 848.47
1 965.16

31.64

807:u7

$27 042.18
271.70

$26 770.48

II.on and St..l Wo.k ao. Gat..

Ll.w.llyn Iron Works' original .ontract for twelve radial gates
and on. slid.•gate (in navigaoon pass) f. o. b. Los Angeles.. .

Fr.ight to Yuma, on 212 184 lb. metal in aforesaid gat.s at $1.25
p.r ton

Regulaong l.v.rs, shaft, and gear (subsequent contra.t)
Er.coon of gat.s (Leonardt's contra.t)

$12 006.00

i
132.60
580.00

1 500.00

Total .ost of iron and st..l work
Plans, engine.ring, and superintend.nc., 6.7V

h '

Total cost of head-works.

$14 812.60
2 825.00

$44 408.08

Fig. 26 gives a plan and elevation of this gate, and Figs. 24 and 25

are views of the structure. 1 'h

Purpose.—At the time this gate was designed, the money available

for construction, through the Southern Pacific's connection and the

loan of $200 000, justified the immediate construction of permanent

head-works, indeed, building this and the Alamo Waste-gate were the

chief items for which the loan was made. Furthermore, the entire

diversion of the river at the lower intake had shown the folly of

trying to get along without them. The gate, while intended as a

permanent diverting structure, was, nevertheless, primarily designed

for use in endeavoring to re-divert the river; otherwise, of course, it



Pig. 24.—Conc.et. H.ad-Gate, July 10th, 1906, Showing D.tails of Gaa.s,

Navigation Pass, and Gate and Abutm.nt at Riv.. End.

 

Pig. 25.—Gat. Raising M.chanism of Conc..t. Head-Gat..
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would have been made much less than half as large. Actually, it

played no part at any time in diverting the stream.

Operation.—The gate was actually put into operation on Novem

ber 1st, 1906, when the water going through the break had been re

duced to a quantity too small for the requirements of the valley. About

6 weeks later, the flood which caused the second break occurred, and

resulted in an accumulation of drift on the up-stream side of the

gate which choked up the underground culverts and practically put it

out of commission. From that date to this the troubles caused by

drift in the river, particularly at high-water periods, have been serious

CONCRETE HEAD-GATE

AT ANDRAD E, CAL.

 

which gat.s in..l..

C. L. .f Shaft .n which .p.rating ca.l.s wind

3>

—v—nr
■r".-.ft edt evodr .-"1
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Fig. 26.

and often acute. Gates of this type, for head-works on a river

carrying any drift to speak of, let alone as much as the Colorado

often has, should be avoided. After considerable experience it is

obvious that if permanent diversion of the water for the irrigation

of the valley is not made on Mexican territory, then, whenever enough

money is available, it will be best to abandon the structure entirely

and make diversion through gates similar to those in the sluice-ways

of the Laguna Weir.

Aside from the type of gate for such a locality and stream, three

unfortunate features in design became manifest. Chief of these was

the fault that the drums on which the wire cables for raising the
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gates are wound are much too small. The gates themselves were de

signed for minimum weight with the necessary strength, and are not

stiff enough, so that they tend to wedge unless exceedingly great care

is taken. The net result is many broken cables. At one time only

two of the eleven gates were in operation, some being clear down, some

clear up, and some impossible to close entirely on account of driftwood

under them. Fortunately, the Delta was near by- and was used to

raise the gates, so that new and strong plow-steel cables could be

installed, replacing the original ones of Tobin bronze, f in. in diameter,

19 wires to the strand. These plain steel cables corrode badly, of

course, but still are much better than any galvanized iron ones of

usable diameter. j

Another bad feature of the design is the form of abutment built

on the outer end of the gate. The writer has always been fearful

that water would find its way through the 10-ft. tongue of puddled

earth which is the only barrier preventing water from getting around

the end and shunting the gate entirely.

In September, 1906, a canal, from the river to the head-gate, was

excavated by teams and Fresno scrapers. This intake was made

100 ft. wide at the bottom, with 2$ to 1 side slopes down as low as the

underground water-table would permit. At about the same time the Alpha

reached the Upper Heading and cut into the concrete gate excavation

from the Main Canal below. The upper connection was wide enough,

but the bottom was at least 6 ft. above the floor of the head-gate, and the

down-stream connection was about 3 ft. above the floor of the gate

and much narrower. These connections were widened and deepened

to their present capacity by erosion, dredging, and blasting, as ex

plained later.

The Dredge, Delta-—The other element in the concrete head-gate

plan of re-diversion was a canal from the head-gate to the break, a dis

tance of approximately 4 miles. It was to be of sufficient size to carry

the probable minimum flow of the river, 10 000 sec-ft. As it was obvi

ous that this stretch of canal would, have to be lower than the bed of

the river all along the line, in order to permit of taking the entire low-

water flow without a diversion dam in the river opposite the head-

gate, a very large part of the cross-section to be excavated would be

below the permanent water-table of the region. Therefore, some kind

of excavating machinery which could handle large quantities of ma
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terial under water had to be provided. It was taken for granted that

the cheapest and quickest method of providing this waterway was to

enlarge the existing Main Canal, although the writer thinks this was

erroneous. The dipper dredge, Alpha, by almost continuous operation

in this part of the course, had built up levees on. both banks so high

as practically to limit its future operation without flattening down

these levees with teams and scrapers. Largely on the advice of Mr.

Edinger, it was decided to construct a clam-shell dredge of the type

used almost exclusively for levee building along the Sacramento River.

Accordingly, a contract for machinery, and for plans, bills of mate

rials, etc., of the hull, was entered into with the Golden State and

Miners Iron Works, of San Francisco, which makes a specialty of

clam-shell dredge machinery, construction, and even operation, on the

Pacific Coast. This contract was closed on January 10th, 1906. The

320 000 ft. of Oregon pine lumber and other materials for the hull

were bought through the purchasing department of the Southern

Pacific Company, and the unusually large timbers required were ob

tained in Oregon and sent directly to Yuma. In the purchase of both

hull material and. machinery, time was considered as of the essence

of the contracts. , . ... , . > •."■...

A dredge with a 150-ft. boom, carrying a 5rcu. yd. bucket was

decided on, and a hull 120 ft. long, 54 ft. wide^ and 11 ft; deep. This

width was 2 ft. greater than had ever been built on the Coast, although

the tendency is to increase the dimensions, and one is now building

in San Francisco, 70 by 140-ft. hull, 205-ft. boom, and 6-cu. yd.

bucket. The. machinery is a 150-h.p., internally-fired, circular, fire-

tube boiler, and a 20 by 24-in. engine on each side. It was decided to

build the hull and erect the machinery at Yuma, and float the com

pleted dredge down the. river to the. intake. , '; , :

Lumber for the hull began arriving in Yuma late in January, and

early in March the company was notified that all the machinery was

ready at San Francisco for shipment. Mr. Edinger's connection with

the company had ceased soon after the destruction of the Edinger Dam,

and Mr. Rockwood had very little confidence in the feasibility of the

concrete head-gate plan, or in the desirability or need, for the clam

shell dredge, and felt that the great cost thereof would deplete seri

ously the $200 000 loaned by the Southern Pacific Company. There

fore, practically nothing was done in the matter, and so it came about
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that the great conflagration in San Francisco, following the earth

quake of April 18th, 1906, destroyed the plant of the Golden State and

Miners Iron Works, in which all the machinery for this dredge was

stored ready for shipment. Fortunately, the damage sustained hy the

apparatus was not extensive, and by May 15th, 1906, all the machinery

had reached Yuma.

Mr. J. W. Brown, a member of the Golden State and Miners Iron

Works Corporation, agreed to take charge of building the hull, and

reached Yuma abbut May 1st, bringing with him a complete crew of

mechanics and ship builders. Work was hurried, and with such suc

cess that the hull was launched about August 15th, the machinery

was in place by the end of October, and the dredge weighed anchor

and started down the river. At this time the river was getting low

and some difficulty was encountered, but on November 26th, 1906, the

clam-shell arrived at the mouth of the American intake. The total

cost of the dredge, ready to start down the river, was almost $80 000,

the cost of the machinery being $34 000, f. o. b. San Francisco. The

weight of the craft is about 850 tons.

This dredge, Plate XLVIII, has been an invaluable piece of machin

ery to the C. D. Co. Had it been ready for use in August, 1905, the cost

of doing the earthwork in the Hind Dam would have been wonder

fully reduced. As it was, the dredge, after doing a little work in

enlarging the intake above the concrete head-gate, was floated down

and cut its way into the Main Canal following the upper Mexican

intake. It was engaged on this work when the second break occurred,

and continued thereon as though this latter event had not happened.

Like the concrete head-gate, it played no part whatsoever in the re-

diversion of the river. l ••' ■ ■

For the information of those who are not familiar with the results

and cost of clam-shell dredge operation, the following data are given:

Operatives. . .i' ■ ..• • '•! . . .

■ . •• : 1 Captain at $125 to $150 per month, and board. •

3 Levermen, " ■ ; ., .85. " .," . . " " .

2 Firemen . . 60 . " : ., " " " „ ■

2 Deckhands,' " 50 " " . .
i Cook ' 50 " " 1 « ' «■'

: 1 Blacksmith " • ' ' 90 « '. « « '' " ■

'• ; 1 Roustabout 40 « ?- * :'■f"" "



PLATE XLVIII.
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Three shifts give a total of 22 hours actual work daily. The average

time in operation, when proper repair work is done, is 28 days per

month. When in good ground, and with side swings averaging 70° on

each side, the time per bucketful is 40 sec. The quantity handled

(varying according to the material) is from 3 to 8 cu. yd. as ordinary

extremes. On the Sacramento River, under good conditions, 150 000

cu. yd. per month are handled.

Monthly expense.

Maintenance and operation $2 500

Interest on investment at 6% 400

Taxes and insurance 200

Deterioration 700

Sometimes as low as $3 800

Ordinarily, the monthly expense in Mexico is $5 000. The average

cost is 2J cents per cu. yd. The average cost of the work done by the

Delta in Mexico is from 4 to 6 cents per cu. yd.

The Rockwood Head-Gate. . .

As already explained, it was decided to follow■ both Mr. Schuyler's

and Mr. R.ckwood's plans for diverting the river, and so, for the

second time, on December 15th, 1905, Mr. Rockwood was authorized

to proceed with the construction of a wooden head-gate beside the

lower intake. The heavy flood of November 29th and its receding

waters had widened the intake from 300 to approximately 600 ft.,

and, after considering the conditions, it was decided to build the gate

directly in the old canal about 200 ft. north of the intake channel,

in order to reduce the time and the quantity of excavation required,

and to divert the relatively small quantity of water in the old canal

around the gate with a by-pass to be dug by the Alpha. The gate,

started and abandoned three months before, was originally planned for

a width of 80 ft.; this was increased to 120 ft. in order to carry

a maximum of 9 000 sec-ft. As the gate could not be completed until

the spring of 1906, the length was extended to 200 ft. The over-all

dimensions, including the wooden aprons, became 240 by 100 ft. The

entire space, of course, had to be inclosed in a coffer-dam, and the

excavation had to be made inside of it. The plans are shown on Plate

XLIX.
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As far as the writer has ever heard, this is the largest and most dar

ing design ever made for a wooden A-frame, flash-board head-gate.

Pile-driving was begun on January 7th, and the gate was completed

on April 18th, 1906; the work was rushed day and night for the

greater part of the time, and no real difficulties whatever were en

countered. As in the case of the concrete head-gate, 4 miles above,

the quantity of water seeping into the excavation was surprisingly

small. The various items of the cost of this structure were not

segregated, so that the details cannot be given, but the grand total

expense of the gate proper, exclusive of the by-pass, was approximately

$122 500.

The discharge of the river by April 10th, was 32 200 sec-ft., and

showed that the annual flood had begun, therefore all idea of attempt

ing to divert the water through the gate by damming the crevasse

itself before the summer flood should have been passed, was abandoned.

Change in Engineering Staff.—On May 15th, 1905, the writer was

transferred from the Southern Pacific Company in San Francisco

to the Associated Harriman Lines in Arizona, with the title of As

sistant to the President of those properties. About 5 weeks later Mr.

Randolph's duties were increased, as he was put in charge of the C. D.

Co. and the Mexican Co., and shortly thereafter the officials of the South

ern District of the Southern Pacific Company urged on him the very

serious fact that the track beside the Salton Sea would soon be under

water, and insisted that aggressive action be taken to close the break

on the river. About themiddle of . July Mr. Randolph sent the writer

to the river to confer with Mr. Rockwood, and a day was spent together

examining the situation. About August 1st a second trip was made,

and after the disastrous flood of November 28th, 1905, a third visit.

Toward the end of January Mr. Randolph again sent the writer to

the Lower Heading to assist Mr. Rockwood in hurrying the con

struction of the wooden head-gate. As this work neared completion,

Mr. Rockwood suggested that he had found it impossible to handle

things in accordance with his own ideas; he believed that the best

interests of all concerned pointed to his resignation, and urged that

the writer take up the work. After considerable discussion it was

agreed that, if Mr. Randolph also desired the arrangement, there would

be no objection offered. Shortly afterward these gentlemen met in Los

Angeles and agreed to the change, and on April 19th, Mr. Rockwood
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resigned as Assistant General Manager and Chief Engineer, and

was appointed Consulting Engineer, and the writer was appointed

General Manager and Chief Engineer. Mr. Roekwood continued to

act as Consulting Engineer until October 1st, 1906, when he severed

his official connection with the company.

The San Francisco Fire.—On April 18th had occurred the earth

quake which resulted in the great San Erancisco conflagration, and

exaggerated rumors as to the extent of the disaster made it seem certain

that the machinery for the Delta was utterly destroyed; but that was

the least important result, as far as the C. D. Co. was concerned.

It appeared that the key city to the Harriman Lines was practically in

ruins, and the Southern Pacific Company, as a railroad organization,

was very seriously hurt. " '

Mr. Randolph hurried to San Francisco to join with the other of

ficials in the West in conferring with Mr. Harriman, who had at once

started for the scene. There, in the bustle and confusion of temporary

offices, with the ruins of San Francisco still snioking, with the facilities

of the road to carry people away from the stricken city taxed to the

very utmost, with the wonderful railway system which constituted

Mr. Harriman's life work crippled to an unknown extent, and with

the financial demands resulting from the disaster impossible to de

termine, Mr. Randolph succeeded in inducing Mr. Harriman to ad

vance an additional $250 000 for controlling the Colorado River and

protecting Imperial Valley. It has always seemed to the writer that

this was really the most remarkable thing in the whole chain of

extraordinary happenings.

The Situation.—The wooden head-gate was completed, and the up

per and lower by-passes connecting it with the break had been fairly

well started with the dredges, Alpha and Beta; the concrete head-gate

was well under way; the material for the hull of the Delta was in

Yuma, and the machinery seriously damaged in San Francisco ; the

tracks of the Southern Pacific Railroad along the Sajton Basin were

nearly awash for a considerable length; the annual summer flood of

1906 had begun, and, from the Weather Bureau reports from the

drainage basin, would be a very large one; the irrigation system of

Imperial Valley was already threatened at several vital' points by the

excessive quantity of water going down the Alamo channel or Maia
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Canal; and friction between the old C. D. Co. stockholders and the

new management had commenced.

No very great degree of reliance could be placed on the wooden

head-gate, considering the character of its foundations ; and the failure

or serious weakness of that structure meant the failure and abandon

ment of the Rockwood plan for re-diversion. The difficulties of the

Concrete Gate Plan, under the most favorable circumstances, became

more apparent with further investigation, and were very greatly accen

tuated by the delay in getting the Delta into commission. The proba

bility of the withdrawal of financial support at any time through the

discouragement of the Southern Pacific officials as to the ultimate suc

cess of the work was a serious factor. Transportation facilities from

Yuma were very inadequate, consisting of the steamers, Searchlight,

St. Vallier, Cochan, and the barge, Silas J. Lewis, all of sufficiently

light draft to navigate through the shoals and sand bars of the Colo

rado. There were large quantities of willow brush suitable for fas

cines and mattress work near the break, but no timber suitable for

piling. The nearest point where piles and heavy timber were obtain

able was Los Angeles; from there they came by rail to Yuma, from

which point they could be floated down the river only at considerable

risk, so that it was cheaper to load them on barges and bring them

down with steamboats.

Experience thus far had indicated the practical impossibility of

closing the break with a piling-brush-sand bag barrier dam, and there

were no quarries for many miles either west or east along the rail

road, and none, of course, available except with railroad facilities for

loading and transportation. Further, rock would require to be trans

ferred to barges at Yuma and be brought thence by river to the scene

of operations.

Practically every engineer—and they included many of established

national and international reputation—who had visited the break

considered a rock fill barrier dam as entirely unworthy of consider

ation, for two reasons:

First, it was believed that rock would sink into the soft alluvial

silt bottom and keep on going down indefinitely, even if more and

more slowly. Old river men quoted numerous instances of wrecked

river craft. They cited a dredge, bought a few years before by the

C. D. Co., which had sunk on its way from Yuma to the upper intake,
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gradually settling entirely out of sight in a few months. The con

sensus of opinion, therefore, was that any rock fill would certainly

settle out of sight unless built on a very strong brush mattress foun

dation, and the probabilities were great that such a mattress would

break under the load and fail of its purpose.

The second vital objection urged against a rock fill barrier dam

was that the water going over it while building would dislodge some

portion of the fill or some one rock at the top, thereby increasing the

overpour at this point, which would dislodge more rock and in this

way quickly result in a breach which could not be closed.

It was thought that these considerations not only quite precluded

the idea of a barrier dam, should the wooden gate fail, but rendered

very doubtful the construction of a diversion dam or obstruction in

the channel opposite the gate which would cause a difference in head,

above and below it, great enough to throw all the water through the

by-pass and gate. This head was variously estimated at from 3 to 6 ft.

—the head on the finished dam would be about 15 ft. at low-water stage.

On one point there seemed to be accord, namely, that the situation

was a desperate one and without engineering parallel, and that there

seemed to be little more than a fighting chance of controlling the river.

No two, of the nearly fifty eminent engineers who visited the scene

and examined into the situation more or less carefully, agreed on any

one plan as offering the greatest chances of success, but pointed out

fundamental weaknesses in practically all other methods suggested.

This feature was so marked that when the writer suggested to Presi

dent Randolph that the immensity of the interests dependent for their

safety on the re-diversion of the river seemed to render advisable a

Board of Engineers, he answered that he would regard 100 ft. of good

strong brush mattress in place on the river's bottom as more valuable

than the report of any Board of Engineers which could be gotten to

gether.

The immediate menace, however, was from the summer flood in

passing through the Imperial Valley to the Salton Sea. The Weather

Bureau's reports from the upper drainage basin then indicated a very

great total discharge, and a peak perhaps as high as 100 000 sec-ft.

The crevasse had now enlarged, and the old channel below had filled up,

so that practically all this water—several times as much as had ever

yet entered the valley—must go the new way. . . ,
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Summer Fl.od of 1906.—Plate XLVII shows that, compared with

recent floods, the summer flood of 1906 was very large, although it

has been greatly exceeded since then, notably in 1907 and 1909. The

increased fall down the Alamo River channel resulted by August 1st

in lowering the river at the diversion point approximately 4 ft., but

it silted up as the flood receded, leaving a net lowering of between 2

and 3 ft. (Fig. 3.)

It widened the break from 600 almost to 2 700 ft., and rendered

far more expensive, in time, equipment, and money, the task of putting

the wooden head-gate into commission. The most important effect,

however, was the danger it caused in various ways in the Imperial

Valley proper.

Such a vast quantity of water going down the Alamo channel was,

of course, never contemplated in designing the new waste-gates near

Sharp's Heading discharging down the Alamo River (built June to

August, 1905), and at Station 134 on the Central Main, and they

were taxed to their absolute limits. So much passed the Alamo Waste-

gate that it caused a recession of the grade in that channel below, so

that the structure was, figuratively speaking, on stilts. Twice the chute

below the structure had been extended, the last time in February and

March, 1906, when the equipment was removed just as the water began

to go over the top of the gates.

By a peculiar and most fortunate coincidence, when the Alamo

Waste-gate was discharging approximately 3 500 sec-ft. and Sharp's

and the Encina Head-gates were being utilized to the capacity of the

canals below them, the water in the Alamo above this point spread over-

bank for miles, going to the west and south sufficiently deep to save the

situation. Thus it happened that when the peak of the flood was

reached, and approximately 75 000 sec-ft. were going down the Alamo

channel toward the Salton Sea, all but about 5 000 sec-ft. were going

overbank to the south and west. Had not this most fortunate condition

existed, the Imperial Valley irrigation system would early have been

broken into the deep channel of the Alamo below the waste-gate, and

at once cut the water out of every canal.

Most of this overbank flow to the south and west collected in the

various sloughs and low lands, particularly Beltran's and Garza's

Sloughs, and flowed into the New River. The small channel of this

watercourse was overtopped, of course, and the water spread out, just



IRRIGATION AND RIVBR CONTROL, COLORADO RIVER 1319

south of the Boundary Line near Calexico, for a maximum width of

about 10 miles. Some of the water overtopped the divide of the delta

cone, gained the Paredones channel, and thence ultimately reached the

Gulf. •:

The most critical points were where the New Eiver channel crossed

the Boundary Line, and a little farther down along the Central Main.

At Calexico and Mexicali this broad sheet of water rose until it cov

ered the ground about 4 ft. in depth. (Fig. 28.) The danger was

not appreciated in time to throw levees to the west of the rail

road track and thus protect that property. The disposition of the

towns and the railroads was to wait for the C. D. Co. to build pro

tective levees, in spite of that company's announced intention of doing

nothing of the sort.* When the situation was finally realized, about 5

miles of levee—maximum height 5 ft.—encircling the two towns

and connecting at the north and east with higher ground, was hurriedly

built. Strong winds blow in the spring for two and three days at a

time, and when such storms swept over a wide stretch; even though the

ground had a considerable quantity of brush, waves were caused which

made the maintenance of these levees at times very critical. They

were held successfully, however, until the recession of the New Eiver

grade made them no longer necessary.

Along the Central Main, from near the branch railroad crossing

west to beyond the "Five Gates" (where the canal turns to the north),

the water rose so high during the last days of February that it over

topped the south bank of the canal (Fig. 29), and only by the most des

perate work was it prevented from overtopping the north bank and send

ing water northeastward across the country to the Mesquite Lake Basin

and the Alamo channel. Had this occurred, the Town of Imperial

would have been most seriously threatened, perhaps destroyed, and the

New River and Alamo chasms would have been joined by a third one,

about 25 miles long, diagonally across the valley northeast and south

west. The C. D. Co. then greatly strengthened this north bank and

raised it 4 ft. for a distance of nearly 3 miles. When the situation was

most threatening the citizens of Calexico and Mexicali were called out

to help hold the levees, while the people of Imperial rushed down to

aid in the fight along the Central Main.

* This was because th. company's attorney advised that it •was not responsible legally

for damages caus.d in the United States by operaoons ol the Mexican Company in M.xico,
and to avoid .arefully any acoon which might be considered as an admission of responsi
bility by th. .ompany.
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Both the Alamo and New River channels cut back, owing to the

large quantity of water flowing in them, and the Salton Sea began to

rise at the rate of approximately 7 in. per day. The Southern Pacific

main line there was being shifted from time to time, by means of

"shooflies." Along the branch line from Imperial Junction to Calexico

the trouble at the crossing of the Alamo channel was far greater than

should have been permitted. At no time was more than 3 500 sec-ft.

going down the Alamo, yet this small quantity was permitted to eat

away approximately 300 acres of land, in a semi-circular form, from

the right bank of the channel where it is crossed by the branch rail

road into the valley, and caused the railroad to "shoofly" its tracks five

times. The alluvial soil of the Imperial Valley is very easily eroded,

especially on the concave side of river bends, but it should have been

possible to control at reasonable cost a stream of 3 500 sec-ft., with a

velocity never exceeding 7 ft. per sec.

The Inter-California Railroad from Calexico toward Yuma had

been constructed as far as Cocopah and practically all of this was

under water. The Holtville Interurban Railroad, crossing the Alamo

River, was cut out from time to time, the channel at that point being

lowered more than 30 ft. This caused serious trouble with the dis

charge pipe of the Holton Power Company, the plant being left

rather high, and considerable work was required to keep it from being

undermined by side cutting. The head available, however, was in

creased by 30 ft.

When the grade of New River had receded to a point about 3 miles

above the International Boundary Line, a large area of adobe forma

tion was encountered, and the fingers of the stream began to eat away

in various directions and threatened to tear up the country throughout

that region in a frightful way. The rate of recession was also greatly

slackened. Long before the peak of the flood had been reached, it was

evident that the situation along the Central Main and at Calexico

was very serious and must become much more so, until grade recession

might give relief. It was decided, therefore, to use dynamite liberally

in an endeavor to localize the New River's grade recession and to

facilitate its progress. h . .

From observations and soil and other data at the time available

the probability seemed slight of such recession extending more than

6 or 7 miles beyond Calexico, or far enough to endanger lowering



 

Fig. 29.—Ove..l.w Against W.st and S.uth Banks o. Main Canal N.a. Fiv.

Gat.s, 2i Mil.s N..thwest .. Calexic..
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the water surface in the Alamo above the controlling works and so

menacing the water supply of the valley before the summer flood of 1908.

It was known that very large areas of adobe soil existed in the Garza's

and Beltran's Slough country, so that the cutting there would be

very much slower. There thus seemed to be considerable leeway,

while the strain on the irrigation system of the valley was so severe

at several critical points that it was utter nonsense to think it could

be held through another flood season. : : , • :

In this dynamiting, from eight to sixteen J-lb. sticks of dynamite

were tied in a bundle about a fulminating cap connected with from

8 to 12 in. of water-proof fuse. The fuse was then lit and the bundle

tossed into the water. A little practice and careful observation

enabled one to become quite proficient in estimating how far the bundle

of dynamite would be washed down stream by the current before the

cap exploded the charge, and in placing the charge to get maximum

results. Undoubtedly, the course of the grade recession was con

siderably checked and bad erosion somewhat mitigated by this work,

but it is very doubtful whether the time of the grade recession's

passing Calexico and Mexicali was markedly accelerated.

When this occurred the results were spectacular in the extreme,

the rate of cutting back at this point being fairly uniform at 1 ft.

per min. The side cutting of the east bank of the wide, deep barranca

for several days threatened Calexico, and carried away a considerable

part of Mexicali, including the railroad station, brick hotel, and a

number of smaller buildings. The actual damage sustained was about

$15 000 in Calexico and $75 000 in Mexicali.

For a short distance past Mexicali the cutting back followed the

borrow-pits of the Inter-California Railroad, utterly destroying it and

carrying away much of the track and trestle material. About a mile

out of town, the grade rose slightly above the flood-waters, but farther

on, for several miles again, the roadbed was practically destroyed,

although no more track material was lost. . ...

These flood-waters covered about 6 000 acres of cultivated farms,

of course, utterly ruining the crops. Greater damage, however, oc

curred as the grade receded and the water rushed from each side

toward the newly-made channel, resulting in cutting back fingers or

side canons from the main stream to distances and depths depending

on the length of time required to drain off the contributory water.
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Some of these side canons extended back from 2 000 to 2 500 ft. It thus

happened that about 3 000 acres of improved and 10 000 acres of un

improved land were eroded to such an extent as to be practically

ruined for agricultural or any other purposes. Of this area, about

7 000 acres were public land. The area occupied by the New and Alamo

channels themselves was increased by about 1 000 acres.

The greatest damage in the Imperial Valley proper, however, was

caused by the destruction of the flumes in the West Side Main over

New River in Mexico and the Central Main over New River north

west of Imperial, leaving Mutual Water Companies 6 and 8 without

water until January, 1908. These two districts contained about 30 000

acres in actual cultivation, and were rendered practically uninhabita

ble and absolutely waterless for about lJ years.

Except as noted, agricultural operations in the valley were facili

tated by the flood, there being at all times plenty of water in the

canals. Prospective settlers, of course, were kept away almost entirely,

but the inhabitants of the valley displayed a remarkable confidence

that the trouble would be overcome, and business was not affected

very seriously. Indeed, during these very times, the new and inde

pendent town site of El Centro was the scene of really wonderful

building activity, and the Holton Power Company, directly and in

directly, practically doubled its plant and holdings in the valley.

The effect of this flood, in a geological way, was of extraordinary

interest and very spectacular. In 9 months the runaway waters of

the Colorado had eroded from the New and Alamo River channels

and carried down into the Salton Sea a yardage almost four times

as great as that of the entire Panama Canal. The combined length

of the channels cut out was almost 43 miles, the average width being

1 000 ft., and the depth 50 ft. To this total of from 400 000 000 to

450 000 000 cu. yd. must be added almost 10% more for side canons,

surface land erosions, etc. Very rarely, if ever before, has it been

possible to see a geological agency effect in a few months a change

which usually requires centuries. ■ •

Preparation for Diversion Work.

All measures to prevent avoidable damage to the irrigation system

in the valley from the flood-waters having been arranged, operations

were resumed on the river. The break opposite the wooden head-gate
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had been widened during the flood from 600 ft. to more than i mile,

and necessitated work on a far larger scale than had ever been suggested.

The opinions to the contrary notwithstanding, the ability to get rock

in large quantities and rapidly seemed to the writer to be so essential,

and it was so obvious that much better transportation facilities were

required, that it was decided to build a branch railroad from the

Southern Pacific main line at a point 7 miles west of Yuma (now

known as Hanlon's Junction) to the break.

The located line of the Inter-California Railroad, construction of

which had been stopped by the overflow waters at Cocopah, ran only

a few hundred yards west of the wooden head-gate and 150 ft. west

of the concrete head-gate. This Inter-California Railroad is a Mexi

can subsidiary of the Southern Pacific Company, and it was not diffi

cult to arrange a change in its alignment to cross the Alamo where

the best location for the diversion dam could be found and to build

at once that portion from the break north to the concrete head-gate.

Thence northward the permanent alignment was expensive and would

require considerable time to construct, therefore it was decided to

make a temporary connection of about 6 000 ft. from Hanlon's Junc

tion to the concrete head-gate. It was arranged that the Southern

Pacific should build the entire branch line and charge the total cost,

on a force account basis, to the C: D. Co., and when later, if ever,

the Inter-California Railroad should be completed, all that portion

of the branch which could be incorporated with the permanent

alignment of the road would be taken over by it at such a figure as

it would cost at that time. The stretch from Hanlon's, Junction to

the western line of the lands of the C. D. Co. is in the Yuma Indian

Reservation, and, according to the rules and regulations of the Interior

Department, it would have taken some time to acquire a right of way

for this portion. As it was feared that special permission might not

be quickly obtainable, nothing whatever was said, but the line was

simply built. Such a course was deemed justifiable, considering the

gravity of the situation, the necessity for haste, and the very small

discretionary powers given to Government officials in such cases. As

soon as the existence of this track was no longer absolutely vital,

permission was requested in the usual way and, in due course was

obtained. Construction of this branch line was begun on July 1st, and
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on August 15th the first train load of materials passed over it to the

Lower Heading.

Quarry.—The granite point of rock on which the concrete head-gate

was founded seemed favorable for quickly developing a quarry where a

large quantity of rock might be obtained, and instructions were given

to do the best possible with it. The rock is a second-class granite, and,

before the first closing was completed, a quarry had been developed

with a 600-ft. face averaging 40 ft. in height. The development of

this quarry and track room for outfit cars, locomotives, etc., called for

the building of a large yard of sidings and spurs. This quarry was

entirely on C. D. Co. land—that bought from Hall Hanlon at the very

beginning.

Clay Pit.—Between the quarry and the Boundary Line, and about i

mile west of the branch railroad, there was an opportunity to develop

rapidly a clay pit. Advantage was taken of this, and by the

time the first closing was completed, there was a steam shovel face 600

ft. long and averaging 60 ft. in height. The clay in this bed is rather

hard and requires some blasting, but it melts down in water, and when

mixed in about equal proportions with the cement gravel from the

Mammoth gravel pit makes a very impervious material for dam

construction.

The Mammoth Gravel Pit.—This pit is on the Southern Pacific

Railroad 41.08 miles west of Hanlon's Junction. It had been thor

oughly developed at that time and had been used for ballasting the

main line for more than 100 miles in each direction. It is the property

of the railroad, and the material obtained there is fairly high in clay,

the result being essentially a cementing gravel, which makes the surface

of the track almost impervious.

Other Quarries Available.—At Declez, a point on the Southern

Pacific Railroad 195 miles west of Hanlon's Junction and 49 miles east

of Los Angeles, there is a large, well-equipped quarry of very good

granite, from which material for the construction of the breakwater at

San Pedro Harbor, 19 miles southwest of Los Angeles, is obtained.

The output of this quarry is very large, the rock running up to 12 tons.

Near Ogilby, 7 miles West, a large area is covered with lava "nigger-

head" rock, essentially one- or two-man size, which had been in part

denuded to furnish rip-rap around the railroad bridge over the Colorado
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at Yuma. The tracks, however, had been torn up, and no stone had

been obtained therefrom in years.

At Tacna, 52 miles east of Hanlon's Junction, there was a quarry

f.rmerly used by the railroad but abandoned because the rock there

from was small and of poor quality.: • ■ • • :" . ■

At Patagonia, on ' the branch line south from Benson toward

Nogales, and 370 miles east of Hanlon's Junction, there was a well-

equipped quarry controlled by the Southern Pacific. Its output was a

reddish limestone, considerably smaller than that at Declez, but yet

frequently turning out 10-ton rock. •

These four sources of supply constituted the utmost possibilities,

aside from the quarry which might be developed at Andrade.*

Brush.—By no means all the area contiguous to the Colorado is

covered with willow brush, but it occurs in spots, often of very large

extent. Such areas on the west bank ,bf the river near the Edinger

Dam had been cleared away, and west of the old Main Canal there was

an old shallow lake which, though now drained, was practically barren.

All brush, therefore, had to be obtained from the south side of the

break, and with an average wagon haul of about 1 mile. The growths,

ranging from 6 to 18 ft. in height, were ideal for fascines and mattress

work. Main and branch roads were cut by Indian labor in order to get

this material to the front rapidly. ' - ■'■ ' ■ ■ "

Dredges.—The dipper dredge, Alpha, and the suction dredge, Beta,

were in reasonably good condition, but the former could not be used

in the sand bar left exposed in the bottom of the break when the waters

receded, because the material slipped down to such a flat slope that it

would have imprisoned the craft. After doing all it could in the by

pass and more solid ground, it was started to deepening the old Main

Canal toward Algodones. Dams were built behind it from time to time,

and water was pumped into the canal at the upper intake to keep the

machine afloat. The quantity of water required indicated a sur

prisingly small seepage loss from this old canal into the surrounding

country, and this is in accord with the unexpected experience with the

coffer-dams of the wooden and concrete head-gates.

Steamers and Barges.—During the latter part of 1905 the Mexican

Co. purchased the steamer, Searchlight, 91 ft. long, 18 ft. wide, and

* Andrade is th. name .f the Inter-Calif.rnia railr.ad stati.n .n the American sid. .f
the B.undary Lin., Alg.d.nes b.ing .n the Mexican sid..
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drawing, without load, 18 in. of water. It had a barge, about 55

ft. long and 25 ft. wide, on which most of its load was carried. Tlie

steamer, Gochan, 135 ft. long and 31 ft. wide, the largest on the

river, belonged to Yuma parties, and as it had been leased by J. G.

White and Company for hauling materials and supplies to the Laguna

Weir, it was not available. There was another steamer on the river,

the St. Valliers, 75 ft. long, which was a little smaller than the Search

light and in very poor condition. In addition to these there was the

barge Silas J. Lewis, 115 ft. long and 35 ft. wide, which was fitted with

a donkey engine with which it pulled itself up stream. This barge was

rented for $15 per day, and its deck was cleared for mattress weav

ing.

Grading Outfits.—The Southern District of the Southern Pacific

Company—from Santa Barbara and Fresno, Cal., to El Paso, Tex.—

has enough reconstruction and betterment work to keep two or three

grading contractors' outfits at work except during the very hot season.

An arrangement was made with one of these, Shattuck and Desmond,

to supply an outfit on the force account schedule paid by the railroad,

with provisions for the payment of all duties and for all stock dying

from heat. This firm secured, fed, and housed its own laborers.

Inasmuch as there was no very definite plan as to the work which

would be required, no contracts were feasible, hence the force ac

count arrangement. At one time about 800 head of this firm's stock,

with complete camp equipment, Fresno scrapers, plows, etc., were

on the work.

Materials and Stores.—Arrangements were made with the Southern

Pacific for equipment, materials, and stores, on the basis of cost plus

10%, and for freight charges of 0.5 cent per ton-mile, until the pro

visions of the Interstate Commerce Commission prohibiting such

freight arrangement went into effect. Two steam shovels were brought

in for quarry work and one for the clay pit. Complete work trains

were requisitioned from time to time until a maximum of ten was

reached. A roundhouse foreman and an assistant master car repairer

were sent by the railroad company, and temporary, but effective, plants

were installed at Andrade. Three carloads of repair parts and stores

for engine, car and air-brake repairs were sent out, used from, and

returned when the work ended. All requisition blanks, rules, and other

organization methods of the railroad were continued.
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When the Southern Pacific built the Lucin Cut-off, consisting of

a long trestle bridge and an immense fill across Great Salt Lake, in

Utah, there were bought a large number of steel side-dump cars, of

45 cu. yd. capacity, locally known as "battleships," weighing approx

imately 20 tons, and having a capacity of 100 000 lb. with a permissible

10% overload. These cars were frequently loaded to 125 000 lb. on

this work, as the trip between the Andrade quarry and the break did

not exceed 4 miles. At first 80 of these cars were secured, and more

and more were sent until about 300 were finally in service. Such a

quantity of railroad equipment necessitated rather extensive terminal

facilities, and these were provided on the American side of the line

because of the customs regulations of the Mexican Government.

The railroad from Hanlon's Junction to the Lower Heading, the

quarry, clay pit, steam shovels, etc., were under Mr. Eulogio Carrillo,

Assistant Engineer of the Southern Pacific Construction Department,

from June 1st, 1906, to July 21st, 1907, as a superintendent of the

C. D. Co., from which he received his salary, the railroad giving him

leave of absence for that period. All the men under his direction,

however, were carried on the Southern Pacific payrolls, and bills were

rendered later by that corporation to cover this expenditure. .

There were two reasons for having the railroad company supply so

great a quantity of labor, equipment, materials, and supplies. First,

it afforded an opportunity to assemble quickly a thoroughly organized

and efficient force of men; the advantage of obtaining materials and

supplies at low prices by the purchasing department of the Harriman

systems; immediate shipment of repair parts not kept on hand, thus

reducing delays "to the minimum; and the ability to increase or de

crease rapidly the force and equipment without confusion. The sec

ond reason was that no immediate cash was required, and as bills of all

kinds were not usually presented and approved in less than about 6

months, approximately 3% in interest was saved. All bills were ren

dered at actual cost plus 10%, which thus meant really cost plus 7%—

a very low figure for superintendence, etc.

Whenever any train, equipment, or mien left the main: line and

came on the branch line they reported to and were under the jurisdic

tion of Mr. Carrillo, who in turn reported to and was under the sole

jurisdiction of the writer. In this way no misunderstanding arose,

and the entire force obeyed instructions as quickly and fully as though
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there were absolutely no connection between them and the Southern

Pacific.

Storehouse at Lower Heading.—Duty had to be paid on everything

taken into Mexico, but, nevertheless, a very complete storehouse of

repair parts, small tools, etc., was established at the Lower Heading.

No requisition system was put in, however, because it was felt that

the losses which would thus occur would amount to much less than the

delay due to any form of red tape, whatsoever. Everything received

was charged to the work, and at its closing down an inventory was

made and the work was credited with the value of the material left*

Climatic Conditions.—From about June 1st to the middle of Sep

tember or October 1st, the temperature of this region is so high that

until 10 years ago it was not considered advisable to continue large con

struction work during that season. There can be no doubt that

ordinary labor is only from one-third to two-thirds as efficient in such

heat, and during this particular year the general average seemed to be

about one-half. There is little wind during this period, and the

humidity is ordinarily very low, though occasionally it is quite high

for periods of two or three days. h .• ' •

Mosquitoes are frequently a terrible pest, very often driving even

cattle out of regions near stagnant water. There is relatively little

vegetation about Andrade, and at the Lower Heading a large camp

compound was entirely cleared and the stagnant pools in the vicinity

drained at a slight cost, so that the mosquitoes, while annoying, were

by no means serious. . 1 . •

Brush and arrow weed growths are so dense that white men, no mat

ter how well acclimated, cannot work very hard in cutting them down.

Men from the central part of Mexico were imported, but they could

stand it little better. Indian labor is the only kind for that sort of

work.

Labor Conditions.—The work of rehabilitating San Francisco after

its disastrous conflagration drew there an immense amount of shifting

labor. To the south Los Angeles was growing in every direction. The

Harriman Lines, under President Randolph, was employing large

numbers of men constructing the West Coast Railroad from Guaymas

toward Mazatlan and Guadalajara. Much betterment work was in

progress on the lines from Los Angeles to El Paso, and large forces

were required for building "shooflies" and shifting track along the
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Salton Sea. J. G. White and Company was rushing work on the

Laguna Weir, and the Reclamation Service was building the Roosevelt

Dam near Ph.enix. Thus the labor situation in California as a whole,

and in this part of California in particular, was acute. The immi

gration laws of the United States prevented the importation of Mex

icans, except in a very small way, but here the work was in Mexico.

It was decided, therefore, to obtain laborers from Central Mexico, ship

them from El Paso to Yuma in bond, and back into Mexico at the

Lower Heading. Arrangements were made with the Labor Agent

for the Southern Pacific, Southern District, Mr. Ben Heney, of Tucson,

to ship 500 men. This plan was an utter failure, for two reasons.

The Mexican officials did their best to prevent Mr. Heney's agents

from getting men started, and the 75 men who arrived were unable

to stand the climate.

Attention was then turned toward getting Indians in large num

bers, and arrangements were made with Mr. C. E. Dagenette, United

States Indian Outing Agent, with the result that, by the. time work

was in full swing, practically all the men, women, and children of six

Indian tribes were on the work—the Pimas, Papagoes, Maricopas, and

Yumas, from Arizona; and the Cocopahs and Dieguenos, from Mexico.

These six tribes fraternized and got along together without any diffi

culties whatever, and constituted a separate camp of about 2 000 people.

About 400 workmen could be depended on from this collection. They

were paid 20 cents an hour, and every 9 men received in addition one

man's pay to go to a squaw for cooking their food. The Indians

bought their own supplies, and to avoid duty built their camps on the

Arizona bank, crossing the dry channel below the break to and from work.

Indian labor was very satisfactory, and, indeed, just what other

arrangement could have been made is very problematical. Under in

telligent foremen who understand their peculiarities, chief of which

is lack of assurance and consequent timidity in going ahead with

work, they are quite satisfactory. They must be paid weekly, and

very few can ever be induced to work on Sunday or to put in over

time, regardless of how critical the stage of work may be when the

whistle blows. . , -. .

Very fortunately, indeed, an unexpectedly large amount of float

ing labor came in from every part of the United States, men who are

attracted to any work which has achieved notoriety for any reason.
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Once on the ground these men did not work any great length of time.

A work train ran into Yuma every night for provisions and supplies,

returning early in the morning, and it always carried a considerable

number of cheerful capitalists out and sadder and wiser men in.

Yuma at that time was "wide open," with all sorts of lures which few

of these floaters could resist. To what extent the work would have

suffered had Yuma then been a closed town, as it is now, is a question.

The general wages paid were:

Pile-driver foreman 50 cents per hour.

Pile-driver donkey runner 43| " " "

Good pile-driver helpers 31i to 37J " " "

Ordinary labor 27* to 30 " ' " ' "

Work from 8 to 10 hours per day.

Board deduction, $22.50 per month.

Commissary and Camp Plans.—The usual outfit cars were provided

for all men carried on the rolls of the railroad, and many were boarded

in the dining cars, which were a part of Mr. Carrillo's permanent con

struction outfit. The remainder of the men were boarded by Mr. M.

C. Threlkeld, of San Francisco, who had and still has a contract with

the railroad to board all gangs engaged in maintenance of way and

betterment work on its lines. Mr. Threlkeld took an essentially similar

contract for feeding the white laborers of the C. D. Co., the first contract

being for 25 cents per meal in the United States and 40 cents in Mexico,

the contractor to pay all customs duties on material and supplies.

After the second break, and when the work was continued at President

Roosevelt's request, it was deemed probable that the Mexican Govern

ment would refund duties on provisions thereafter, so that the con

tract was changed on January 1st, 1907, to 25 cents per meal, the

Mexican Co. to pay the duties. This contract covered meals for all

white laborers, including men on dredges, on the steamer Searchlight,

etc., and gave Mr. Threlkeld the exclusive selling of clothing, tobacco,

notions, etc., to the laborers. The Indians bought relatively little from

him, however, preferring to deal with Yuma merchants with whom the

local Indians were very well acquainted.

Excellent board for the men was insisted on and furnished. It was

believed that good board, especially with lots of fresh vegetables, would

be a large factor in keeping men on the work, and this was found to
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be the case. Large numbers of mosquitoes were feared, in spite of

precautions taken, so bunk houses were built, with brush ramada roofs,

and carefully and effectively screened all round. These precautions were

not exactly necessary, but were nevertheless well worth their cost.

: Policing of Camps.—The many different classes of laborers on the

same job and under Mexican laws made it essential to have effective

police arrangements, and bar liquor from the camp absolutely. The

Yuma Indian Reservation extends to the line, and, in addition was then

and until 1908, a part of San Diego County, and a "dry" region. Across

the river in Arizona is "wet," but the United States laws against selling

liquor to Indians are rigorously enforced. In Lower California, how

ever, the idea of liquor control has not even germinated, and it

was necessary to promise to prevent American Indians from getting

liquor in Mexico before permission could be obtained to take them out

of the United States—and this was quite proper. Accordingly,

arrangements were made with the Mexican authorities to put the entire

region under martial law, and send a force of rurales with a military

commandant at their head to police the camps. This proved extremely

efficient and satisfactory, and there was absolutely no disorder at any

time. • h

Customs and Duties.—Except for the operations of the C. D. Co.,

there was no development in Mexico along the river; therefore, until

1908, the nearest custom house in Lower California was at Mexicali.

A garrita was maintained at Algodones, however, where material go

ing down the river to land in Mexico was passed. During the construc

tion of the Edinger Dam, all camps and supplies were kept on Disaster

Island in the middle of the river, so that there were no customs charges.

When the construction of the wooden head-gate was begun, endeavors

were made to get the Mexican Government to establish a customs office

at Algodones temporarily, but without success. Accordingly, all bills

of material to be passed had to be sent to the custom house in Mexi

cali; there the charges were assessed, and the manifest was returned

to Algodones before the goods could be taken over, which was very

cumbersome and slow.

Another method of getting goods across the line was taken advan

tage of, namely, by boletas. The Mexican Government permits each

individual, on payment of duties, daily to take across $20 (Mexican)

worth of dutiable stuff without manifest, and the authorities agreed to
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permit goods to be passed at the Algodones garrita by this boleta

method, having individual employees of the company sign the boletas.

In this way emergency stuff was passed.

Under the concession of the Mexican Co., machinery and materials

for permanent construction was to be admitted without duty, but the

intention of this provision was plainly for the company to make out

a list of what would be required once for all, and that such freedom

from duties would apply to the original entry of the machinery and

material, and not to subsequent repair parts, etc. Obviously, it did not

contemplate the refund of customs charges in such a case as closing

the crevasse. Nevertheless, it seemed probable that the customs charges

for material and supplies other than provisions would be refunded,

because the Mexican Government itself was vitally interested in stop

ping the break. Tentative negotiations toward this end were started,

but the procedure for securing such permission is a long one, and it

was advised that the work be prosecuted and the request for refund

made after its completion. It was also made plain that no refund

would be given for duties on provisions, as it was impossible to deter

mine that the provisions passed were all actually used on the work.

When the work was completed a request for a refund was made, and,

on President Diaz's recommendation, the National Congress, by vote,

refunded approximately 75% of all duties paid, amounting to more than

$40 000. : . . •„ .;. ...... . : . .. .....

The chief objection, therefore, was the red tape involved in passing

goods, and the delays which followed any slight technical mistake in

classification. As an illustration: an inspector investigated the cus

toms transactions of the period about a year later, and assessed a fine

against the company for $3 000 for utilizing the boleta method of

passing emergency materials and supplies. On proper presentation of

the facts, however, this fine was remitted. Stock with harness and

grading equipment was permitted to be passed into Mexico under bond

for a period of 6 months, as also was machinery, which provision

assisted very greatly in the work.

All payrolls, time checks, receipts, and legal papers require stamps

to be affixed and cancelled, inspectors from time to time visiting all

corporations and checking the books. If any irregularities are found

in the books or papers for the 6 months immediately preceding, such

inspector is then permitted to go back to the period of 6 months imme
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diately preceding that, etc. If, however, everything is regular for the

first 6 months preceding, that operates to prohibit inspection prior to

that time. These inspectors get a considerable percentage of fines

assessed and collected, and are consequently quite zealous, so that it is

profitable to obey the stamp law scrupulously.

Necessity for Mexican Corporation Doing Work.—On taking

charge of the affairs of the Mexican Co., the writer found that up

to that time work done in Mexico had been paid for on the American

side of the line through the C. D. Co., and in this way no Mexican

stamps were required for payrolls, time checks, etc. In other words,

the C. D. Co. had its forces go over into Mexico and do work on the

canals of the Mexican Co. directly. As this was obviously contrary

to the spirit of the Mexican laws on the subject, arrangements were

made at once whereby the Mexican Co. did all work in Mexico and

billed the C. D. Co. therefor at actual cost, the C. D. Co. turning

over all materials and supplies required on the Mexican side of the

Line at its expense.

Mr. A. F. Andrade, now Depositario for the Mexican Co., and As

sistant General Manager of the Inter-California, was made General

Agent of the Mexican Co., and was in charge of all negotiations

between that corporation and the Mexican Government, and to his

tact, energy, and ability is attributed the relatively small amount of

irritation and delay encountered.

Occasionally, rules and regulations had to be disregarded, and this

was done when it was deemed quite necessary, knowing that the local

officers would report such infractions of the laws, but that the higher

officials would view such infractions very sensibly when sooner or later

brought to their notice with full explanations. For example, before

permission was given to run trains into and out of Mexico after

dark, a serious situation developed just at sundown, immediately re

quiring rock at the Lower Heading, and the Mexican officials at the

Boundary Line would not permit trains to pass. Their protests were

disregarded, for while the officials under the circumstances could not

act otherwise, it would have been folly not to have disregarded their

orders, considering the urgency of the matter. Proper explanations

were at once made, and the company was not criticized in any way

for the action.. , .
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Difficulties in doing work in Mexico are largely due to ignorance of

Mexican conditions, customs laws, and personal characteristics, and

doubtless are no greater than a Mexican would encounter in doing

work in the United States. It is very desirable for the highest officer

in charge of work to speak Spanish well, as minor Mexican officials

are far more impressed with a statement coming from him than from

any subordinate officer.

Methods of Diversion of River Through Rockwood Head-Gate.

The triangular space between the two faces of the A-frame and

the horizontal cross-bracing of the wooden head-gate was made int.

a long pyramid, by flooring the bottom and sides, which was filled with

sand taken in by wheel-barrows, in order to give additional weight to the

gate in resisting the buoyant effect of the water.

By August 5th the discharge of the river had fallen to 24 500

sec-ft., and directly beside the Rockwood Head-gate the receding

waters had exposed sand bars on each side of the main channel—the

situation being as represented by Fig. 23. When these sand bars had

dried sufficiently, teams were used in throwing up an embankment on

the line of the diversion dam. Brush jetties were also used to nar

row the channel, the Beta assisting. In a little more than a week the

stream was narrowed to 600 ft., the river gradually falling. Work

was then begun on weaving a brush mattress, 100 ft. wide up and

down stream, and sinking it on the bottom of the river. The decks

of the barge, Silas J. Lewis, were cleared and skids were rigged

thereon; J-in. steel cables, 8 ft. apart, were anchored to "dead men"

in the north bank and unwound from spools beneath the skids, such

cables constituting the longitudinal strength of the mattress; and to

these were fastened brush fascines averaging 18 in. in diameter and

100 ft. in length. These fascines were built up between vertical pins at

the upper end of the skids and bound with baling wire, and as they

were completed they were pushed down to the last one in the mattress

and sewed to it and to the supporting cables with f-in., 9-strand,

galvanized-iron cable and cable clamps. Fig. 30 shows the method

of sewing and fastening. When a length of mattress equal to the

width of the barge was completed, the barge was slowly pulled from

under it, and it caught the silt and at once settled heavily to the

bottom. No kind of weighting whatsoever was required. Another



Fig. 30.—Weaving Brush Mattr.ss.

 

Fig. 31.—Down-St..am End oa B.ush Maat.ess Abov. Water Because

of Silting Action.
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barge width of mattress was then woven and sunk, and so on. Figs.

30 and 31 show the method of constructing the mattress and the

number of men employed. . . , . t .

It required 20 working days, with two shifts, to weave and sink

two mattresses, one on top of the other, across the bed of the stream,

or a total of 1 300 ft. ; thus the average rate was 65 lin. ft. or 6 500 sq.

ft. daily. The work went ahead without interruption or difficulty ex

cept that once the anchor lines controlling the barge were not handled

with sufficient care and the first layer of mattress was not sunk across

in a straight line, but curved down stream in the middle perhaps 20

ft. at the maximum point. This, however, was not important.

The prevailing idea as to the necessity for such bottom protection

in the h river may be better realized from the fact that several en

gineers with the longest experience on the river joined in urging that

a solid canvas back be sewed on the under side of the mattress. It

was feared that the water might start a wash through a break in the

mattress, that such a stream would carry the sand from below, cause

a depression for the mattress to span, and result in breaking it when

weight should be put on above. This, however, was deemed un

necessary. • • . ..• •

While the mattress work was being completed, a 4-pile railroad

trestle with 10-ft. bents was started across the center line of this

foundation, decked, and a railroad track built thereon. This trestle

was driven from both ends, and was ready for the passage of trains

on September 14th, 6 days after the completion of the mattress. In

the mean time, the earthwork across the north sand bar had progressed

sufficiently to connect the rails, so that trains could run out on the

trestle. On the south side, the jetty work and the Beta had built up a

sand bar on which a frame trestle on mud-sills was erected, connecting

the earth embankment on the south sand bar to the trestle, thus

affording tail room for trains. This frame trestle was filled in with

material from the clay pit at Andrade.

At this stage, brush fascines were put in between the bents of the

trestle over the channel, laid longitudinally with the stream, and

sunk by rock from the quarry at Andrade. The rock was loaded

into "battleships" with a steam shovel, hauled down, and dumped from

the trestle. In this way a difference of 6 ft. in water elevation above

and below this diversion dam was attained with no difficulty whatsoever.
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Meanwhile the by-pass in which the Rockwood head-gate stood was

being enlarged in several ways. The Alpha had cut a small channel

from the crevasse to the gate from above and from below, through the

solid ground, and the Beta had enlarged these cuts until it was taken

over to assist in the jetty work on the south side of the river. A small

ditch was cut with teams and scrapers across the sand bar, as an

extension of the down-stream end of the by-pass. This channel was

excavated to the water-table with Fresno scrapers, and made as narrow

as possible, reliance being placed on enlarging it by the erosion of

the water. In two or three places adobe deposits of considerable

extent were found, and in these dynamite was used, as already explained.

The steamer, Searchlight, was anchored in the upper by-pass for

two or three days with its rear end against the bank and the stern

wheel kept going as fast as possible. This greatly hurried the erosion.

The increasing head on the diversion dam aided these methods of

enlarging the capacity of the by-pass until on October 10th only

about 1 450 sec-ft. of the river's total discharge of 14 300 sec-ft. was

not going through the gate. . ..

The alignment of the by-pass was unfortunate, as it had quite a

sharp curve, and the upper end left the river at a sharp angle. At

this point cutting began, and to prevent it a small brush mattress was

woven and weighted down with rock. '

It was soon seen that, with the 4-ft. openings between them, the

A-frames of the gate caught the drift in the water very badly. An

ticipating this, cables had been stretched across the entrance of the

by-pass and fitted with grab-hooks, like fish hooks on a trout line.

These grab-hooks were of f-in. wrought iron fastened with, from 6-

to 8-ft. lengths of sewing cable to the cable spans at intervals of about

8 ft. It was hoped that these would catch drift where it could easily

be removed, and prevent trouble at the gate. However, they did very

little good. ■ ' .

When the current through the gate increased to 6 or 8 ft. per

sec, a scour developed both above and below. Soundings showed

that the scour below the gate was not at all serious, but was really

far less than had been anticipated. The eddies at the ends of the

gate caused side-cutting, as is always the case, but really nothing

alarming. The scour above the gate, however, was surprisingly great;

some was expected, but not nearly as much as occurred. Brush and
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rock extension of the apron, as shown on the plans, had not been put

in as it had been the intention to use rock from Andrade in lieu

thereof. When soundings, which were taken frequently, showed that

the by-pass bed was eroded to the level of the floor of the gate, approxi

mately 1 000 cu. yd. of rock were loaded on a barge which was swung

in front of the gate and held by cables until unloaded.

Failure of Wooden Head-Gate.

On October 3d a serious settlement of the earth filling in the

north abutment suddenly occurred. Excavation was at once made to

ascertain the cause, and some small leaks in the end wall on the

up-stream side of the A-frame were found. These were stopped up,

and the earth was leveled to only a few feet above the water surface

on the outside. Two days later the lower wing-wall in this same

abutment spread out at the bottom on the west side. The gate itself

buckled up about 0.3 ft., about one-third of its length from the abut

ment, such buckling apparently occurring very slowly within 24 hours,

ending on October 5th. These signs of weakness were accompanied

by the tearing up of the up-stream apron in relatively small sections,

which were at once thrown against the A-frames by the current. With

great difficulty these were taken out piecemeal, and then only in part.

These, together with the drift which accumulated, caused a head of

4.4 ft. on the gate on October 11th. At this time the discharge through

the gate was about 12 000 sec-ft. ; the maximum discharge through

it was about 13 000 sec-ft. on October 8th.

These indications of weakness showed that it would not be safe

to use the gate after closing the break, and that it would be very

fortunate if it held until this could be accomplished. Furthermore,

the drift made it very difficult, if not impossible, to set the flash-

boards. Accordingly, on October 5th, a pile bridge was begun just

above the gate and connected with the track to the south by a frame

bent trestle supported on mud-sills—the same construction as had

been utilized on the south side of the channel. This trestle was fin

ished in the morning of October 11th, and it was intended to dump

rock from it and fill up the gate in this way and not attempt to use

the flash-boards.

When the first rock train was slowly pushed over the trestle, at 11

a. m., three bents of the frame trestle settled and wrecked the train,
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fortunately injuring no one seriously. Just why construction, which

on apparently the worst ground on the south side of the main channel

was entirely satisfactory, should have failed here, is not known—things

happened thereafter too rapidly to find out. At any rate, had the

trestle stood and had the large number of loaded "battleships" held

ready been dumped, the writer has always believed that the head-gate

would not have failed utterly. Be that as it may, at 2 : 30 p. M., with

out any warning, the gate suddenly buckled up at a point about one-

third of the way from the south abutment (Fig. 46), and the larger por

tion—from there to the other abutment—floated down stream about 200

ft., where it lodged. The remainder of the gate stayed in place, although

it settled in the central end. When the gate went out, the 4.4-ft.

head above it caused a destructive wave of water, carrying large quan

tities of drift and debris from the wrecked gate against the railroad

trestle crossing the by-pass about 300 ft. below. In about 5 min. this

damaged the trestle seriously, and would have marooned a locomotive

and train standing on the south side of the by-pass had not the en

gineer taken chances and pulled across before the piling began to

go out. , •; . : ...»

The pond above the diversion dam extended some distance up

stream and contained a large quantity of water which had to run out

before the flow through the by-pass was reduced to the discharge of the

river. By the time this , occurred, considerable inroad had been made

at the point where the upper by-pass left the river—which had been

protected by a small brush mattress—and for a time it threatened

to work down to and through the earth portion of the dam. Aggressive

work was centered there, and such action was finally arrested.

Closing the Break with Rock Fill Barrier Dams in Series.

The lowering of the water above the diversion dam left it dry,

except for a surprisingly small quantity of leakage, and enabled ex

amination of the rock fill which had been produced by an ever-in

creasing proportion of rock with respect to brush. This condition of

affairs seemed to indicate that the reasons urged why a rock fill dam

of considerable height could not be built in a running stream were

not altogether strong, and suggested the possibility of very quickly

controlling the situation with a series of rock fill dams, each of which

should sustain a head of not more than 4 ft. This particular dam



Fig. 32.—G.ade R.c.ssion in N.w River Near Calexico. Maximum Rate of

R.c.ssion, 1 Foot P.. Minute. D.op, 28 Fe.a. Jun., 1906.

 

Fig. 33.—Th. Hind Dam, Passing 7 000 S.cond-F..t. H.ad, 10 Feet.





IRRIGATION AND RIVER CONTROL, COLORADO RIVER 1345

had stood successfully a head of 6 ft. without any of the troubles

prophesied for constructing rook fill dams in streams. Furthermore,

the tracks of the Southern Pacific Company on the Salton Sea were in

an extremely critical condition, and the southern transcontinental

line would soon be interrupted, at an estimated cost of $1000 000 a

month. It was obvious that, if this were to be prevented, very quick

action was necessary, and if hope should be abandoned, withdrawal

of financial support in controlling the river was almost a certainty.

Furthermore, other plans of controlling the situation possessed most

serious difficulties, as already explained. • . ,•:

As a matter of insurance, however, a rush order was wired for

additional sewing cable for building a diversion dam across the Colo

rado directly opposite the concrete head-gate, exactly as had been

done successfully opposite the wooden head-gate to divert the river

through the former structure, and as had been done with the other,

trusting to dynamiting, dredging, erosion, etc., for enlarging the 4

miles of Main Canal thence to the break. This done, the trestles across

the by-pass, above and below where the wooden head-gate had been,

were repaired, and a third trestle, 30 ft. above the lower one, was

hurriedly thrown across this stream, which was carrying the entire flow

of the river, the waterway through the opening of the gate beiug only

120 ft. wide. . • : .:: I . »• ..• n (•h•>' .. . •..■• .t .

. :. Such method of closing the break and forcing the river down the

old channel by three rock fill barrier dams in series was therefore

considered problematical only because there was no mattress under

any of them, and the brush mattress idea had always been regarded as

essential. The branch railroad from Hanlon's Junction to the Lower

Heading was now in excellent condition, and the Andrade quarry was

sufficiently developed to permit the use of the two steam shovels, pro

ducing about 5 000 cu. yd. of rock daily, by working .night and

day. It was felt that with these facilities, together with the rock which

could be obtained from quarries within a distance of 400 miles to

the east and west, rock could be put into the stream faster than the

water could carry it away.

As a matter of fact, these three dams were built up so rapidly

and successfully that only 10% of the water was going through the

by-pass by October 29th, most of the remainder—8 600 sec-ft.—going

over the diversion dam with the mattress foundation. Here, •a sec
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ondary trestle, with 4-pile bents, 15 ft. apart, parallel to and 30 ft. up

stream from the first, had been rushed, and from the two a rock fill

dam was completed, turning all the water—9 270 sec-ft.—down the old

channel and actually closing the break on November 4th. That is,

after working on other lines continuously for 15 months, the stream

was controlled by a rock fill dam in 24 days. In other words, the

rock fill barrier dam plan, which had not been advocated, or indeed

seriously considered, by a single man, proved to be a very simple and

efficient, though expensive, method of re-diverting the river. The fact

that there was a very substantial brush mattress foundation, however,

was deemed by many as of vital importance. . . •

Leakage through the structure was stopped by dumping "battle

ship" trainloads of gravel from the Mammoth gravel pit and clay

from the clay pit, the whole being puddled with fire streams. The

Beta, which was kept above the diversion dam in order to be taken up

the river and used in the intake above the concrete gate, was used in

widening the up-stream toe of the dams.

A week and a half after the failure of the wooden head-gate, the

success of the series rock fill dam plan seemed assured. The Alpha

had finished its trip up the Main Canal and cut into the excavation

in which the concrete head-gate had been built. The intake from the

river to the concrete head-gate was completed, and by October 29th

the river at this point had been raised approximately 4 ft. by opera

tions at the break. The dam holding out the river here, and those

which had been left by the Alpha on its way up, were blown out, and

water commenced to flow through the concrete head-gate and Main

Canal into the Alamo channel below the diversion operations. The

initial discharge was about 150 sec-ft., and had increased but little

when the river re-diversion was complete. At that time (November

4th) the water height at various points was as follows (C. D. Co.

datum) : '&bove ^ dam - 113.0 ft.

Below the dam 97.3 "

Opposite concrete head-gate. .. .114.5 "

Floor of concrete gate 98.0 "

By November 15th only 30Q sec-ft. were flowing in the Main Canal,

the fall of 17 ft. in these 4 miles not having resulted in much erosion,

because of several stretches of adobe deposits, though the current was



 

Fig. 35.—G.n.bal Vi.w oa the Second Bh.ak, January 20th, 1907.
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these were very quickly and cheaply flattened down hydraulically to

about 2f to 1 on the river side and 2 to 1 on the land side. Fur

thermore, the slopes were really well finished with very slight addi

tional care and expense.

In its final form the dam has about 400 ft. of 15° curve at the

north end, and 2 275 ft. of tangent; the dam is connected at each end

with the levees extending along the river. At the north end there

are 200 ft. of high dam with a rock fill core to within 8 ft. of the top

—where it crossed the by-pass. A little more than half way toward

the other end there is 600 ft. of another high stretch with a rock

core on brush mattress foundation; the remainder is from 16 to 20

ft. high. This is known as the Hind Dam, so called after Mr. T. J.

Hind, Superintendent of the work at the Lower Heading after June

1st, 1906, to distinguish it from the Clarke Dam, closing the second

break, so called after Mr. C. K.. Clarke, Superintendent of the second

closing, December 20th, 1906, to February 20th, 1907. About 80% of

this dam was complete on December 7th, 1906.

Levek Construction. .. .

The original plans had been to connect the -north abutment of the

wooden head-gate with the embankment along the river side of the

Main Canal, and to build a short section of levee to the south to pre

vent a flank movement of the river around the diverting dam. The

enormous channel which the summer flood of 1906 created in the old

Alamo made it obvious that, not only must the break be closed, but

that, by a rather elaborate levee system, all overflow water must be

kept from getting around into the Alamo. Surveys and examinations

showed the necessity of an additional levee from the wooden head-

gate to the concrete head-gate, and a levee from the diversion dam

south for from 5 to 6 miles. J. C. Allison, Assoc. M. Am. Soc. C. E..

Assistant Engineer of the Mexican Co., was assigned to make surveys

for these levees on August 1st, and their location was completed early

in September. The elevation of the top of the concrete head-gate

was 124, and it was decided to put a track over this structure and

extend it down the levees, so that the grade was made 126 at Andrade,

124 at the Lower Heading and over the Hind Dam, and thence for

4 miles south; generally 6 ft. above the old high-water marks. At

all points the grade was kept approximately 2A ft. higher than that
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of the levee opposite the Yuma Project, because, should the■ latter

break, the damage would be far less than if the levees on the west side

were to fail, with re-diversion of the river to the Salton Sea. Be

tween the head-gate and the Lower Heading it was necessary to locate

the levee very close to the river, because it must obviously be between

the river and the Main Canal, and some large areas of bad adobe,

damp, and impossible to work with teams, lay close to the canal and

extended well toward the river. Below the break, the levee was also

close to the river, because of the similar soil conditions for about 4 miles.

LEVEES CONSTRUCTED BEFORE DECEMBER, 1906, WHERE

GROUND SURFACE WAS SMOOTH,WITH NO INDICATION OF

FORMER SLOUGHS FORMED BY RIVER OVERFLOW

SCALE OF FEET

 

CROSS-SECTION

T.p .f L.v..

G..und Surfac.

LONGITUDINAL CENTER SECTION

" '. _ , Fig. 3..

The levee was designed with a top width of 8 ft. and slopes of 2J

to 1 on the river side and 2 to 1 on the land side. The ground for

the base of the levee was cleared and grubbed, but no "muck-ditching"

was done. The desirability of muck-ditching was fully realized, and

it was a part of the levee design. Experience in the valley had always

shown that, riot only ditch and canal banks, but l.w borders of irri

gated fields, etc., leaked badly when water was first applied. Indeed,

interesting cases were cited of water in considerable volume dis

appearing into the ground for several days, doubtless flowing away

under the surface through partly opened cracks of buried layers of

cracked adobe.

On the other hand, the money supplied by the Southern Pacific

Company was for closing the break, and only for that purpose, until

the re-diversion of the river Was agsUred. ~No narrow construction

was placed on this, to prevent building levees at all, but it vcas not

considered proper to incur any avoidable expense in this direction

until it should have been clearly demonstrated that it was physically
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possible to close the break. No muck-ditching had been done in levee

building on the Yuma Project up to that time, and, besides, expe

rience in the valley had always been that cracked adobe layers when

thoroughly saturated and under the weight of a few feet of earth soon

soften and the underground interstices automatically close. It was

thought that the levees Could probably be maintained until their bases

would thus soak up tight, although it was certain that they would

leak like sieves when water first came against them. For these reasons

the muck-ditch work in the levee plans was ordered to be omitted.

RECONSTRUCTION OF LEVEES WHICH WERE . , ,

BUILT BEFORE DECErBER.1906
 

CROSS-SECTION

SCALE OF FEET
I "I 1 1 1 1 1
0 10 20 40 SO 80 100

L.v..s .x.avat.d with ma.k-ditch to s..oon shown.and th.n r.Iill.d
with good mat.rial to original s..oon p.r dott.d on.

Fig. 37.

LEVEE CONSTRUCTED AFTER DECErBER.1906

 

• •:h •.. Fig. SH. h h h • . ! , • h..

Material for the levees was taken from borrow-pits on the land

side. It was fully realized that this was not in accordance with

the usual practice, but it was decided on after careful considera

tion of the advantages and disadvantages. The location of the levee

was forced very close to the river for a great portion of the way, and

the levees of the Yuma Project on the opposite side were also so

close to the stream that the distance between was in many places only

1 400 ft.'—an exceptionally narrow waterway for such an unruly stream

as the Colorado. As it was certain that the current at flood stages

would be very great in such sections, it was extremely desirable not

to disturb in any way the rank vegetation between the river and the

levee, as it could not help but greatly break up and retard currents

and thus protect the levee from erosion.: ,

Experience with the levees of the Yuma Project .showed that the

hope that borrow-pits would be silted up was vain, and instead, that
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they would be cut together to form a continuous canal having eddying

currents below the traverses during high floods, unless extensive brush

abatis work was used. This sort of protection was deemed very un

satisfactory, because, though the Mexican Co. actually owns the

land on which the levees were located in Mexico, it is practically

impossible to exercise very much control over the Indians, owing to

the indifference of local Mexican authorities. The Indians have always

utilized any overflowed areas along the river as they wished, for their

little garden patches, and these levees must absolutely cut off such

water. For a long time it was utterly impossible to keep these nomads

from planting seed in the borrow-pits, where the ground remains

wet the longest, and. from destroying all brush growths that start

therein. It was considered impracticable to maintain brush abatis

work, which, when dry, would only make it easier to burn off the

area in front of the levee for a garden clearing.

On the other hand, the land spoiled in making borrow-pits was

of little value, being non-irrigable under existing conditions. There

are no quicksand pockets above the water-table in that region, and,

the soil being alluvial silt with more or less sand intermixed, there

was consequently no fear of water-soaked material running, such as

occasionally causes levee trouble elsewhere. There is also along the

river no surface soil crust, which it is undesirable to disturb in levee

building.

The only pertinent objection to land-side borrow-pits in this case,

therefore, seemed to be the matter of increased total head, which

it was decided did not outweigh the advantages of an undisturbed rank

vegetation as a protection against the erosion of the water slope by

swift currents.

These levees were built by the Shattuck and Desmond grading

outfit on force account, with the intention of changing to a yardage

basis as soon as possible. On December 6th, 1906, about 1J miles above

and below the dam, respectively, had been completed, 5 miles more were

under construction, and the ground was cleared for another 2 miles.

Situation of thk California Development Company and the

Mexican Company.

About November 15th, 1906, the various operations along the

river were making satisfactory progress, and the writer for the
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first time since June 1st left the river, hurriedly investigated the

condition of the C. D. Co. and the Mexican Co. and reported

his findings toward the end of that month.. As a result of this,

when the second break occurred a few days later, he advised

against further advances by the Southern Pacific Company, and Presi

dent Randolph concurred and so reported to Mr. Harriman. The

fact that such a decision was made by the Harriman interests un

qualifiedly has not been generally accepted without some mental reser

vations. It may be interesting, therefore, to make some excerpts from

this report. The balance sheet for the combined C. D. Co. and Mexican

Co. was approximately as follows: •■ ; ; .:■

" Assets.

Real estate (chiefly in Mexico) $545 037.26

Stocks (chiefly unsold water stock) . . . . .: . . . . '. . . .'. .... . . 175 600.00

Plant :

Machinery and equipment... ,.,;(-: $179 621.82

Branch railroad track .63 000.00 .„.■. .

. Canals in Mexico. . . • 375 000.00 .

Canals in United States 308 616.37 ,.: . ,

■■ '., ... , ; —r-—- 926 23S.19

Accounts receivable (chiefly notes secured by water stock). 235 137.02

Total v. . . /. . ; $1 882 012.47

Liabilities.

S. P. Co.—Audited bills and interest. . . . .... . . . ... . . . . $1 532 595.73

General audited bills and interest ..'I. , 73 786.72

Bonds and accrued interest. 515 200.00

$2121 582.45
Damage claims (probable) :

New Liverpool Salt Co. $50 000.00

Land owners 200 000.00

Water Companies Nos. 6 and 8- .. • ., ■• • 500 000.00

S. P. Co 1000 000.00

Inter-California R. R.—S. P 250 000.00

— 2 000 000.00

Total.. ... $4121 582.45

Net liabilities 2 239 569.98
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The possibility of extending the canal system and selling additional

water rights was discussed, and the opinion was offered that such pos

sible returns would probably just about suffice for building a canal

from the river into the valley, to take the place of the Alamo channel,

which might be necessary in 5 or perhaps not for 20 years; and for

building new controlling works on it in the valley. h •

The conclusions were that maintenance and operation expenses,

properly estimated, would take up the returns from the sale of 600 000

acre-ft. per annum. The cost of protecting the region from the Col

orado flood-waters was set down as problematic, probably averaging

$100 000 per year, and fluctuating enormously, and it was advised that

the task of controlling the river was too serious a tax on the enterprise

under any possible circumstances, while international complications

would probably mean considerable delay in arranging for such work

equitably and satisfactorily.

The Second Break. • ''"

On December 5th, 1906, a severe flood came down from the Gila,

as shown by Plate XLVII. Superintendent Hind and the writer, who

were in Imperial Valley at the time, received telegraphic notice from

the water-shed, and went at once to the river. For reasons already

explained, trouble was expected from water getting under the levees,

because no muck-ditch protection had been provided, and a large force

of men was detailed to watch the sections for a mile on either side of

the Hind Dam day and night as soon as water came even near the river

toe of the levee. Information from the upper stations throughout the

Gila water-shed frequently indicate floods which never materialize,

and this was another case of the "truth itself" being not believed.

There was so much accumulated work in the valley that there was no

time to watch a discharge of 30 000 sec-ft., although a' river stage

which would test out and soak up the levees was obviously of great

importance. Mr. Hind and the writer were in Yuma, returning to the

valley, when the flood reached the Lower Heading, where the river began

rising at midnight and rose at the rate of 1 ft. per hour until the peak

was reached early in the morning. At 3 :30 a. m. Mr. Hind and the

writer lefti Yuma on the work train, reaching the Lower Heading

about 5 :15 a. m., and found three serious and distinct breaks within

100 yd., the first one being about 2 400 ft. from the south end of

Hind Dam. In addition water was finding its way under the levee in
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about ninety other places, within the stretch where the water reached

the toe of the levee, or about | mile above and an equal distance below

the dam. Mr. J. Calvert, General Foreman, had fully obeyed instruc

tions, and when the water began to reach the toe of the levees at the

lowest point, had commenced work with his force of. about 75 men,

doing all that seemed possible. The trouble was not that any one break

could not have been easily handled, but that so many points of

weakness were developed practically at the same time. Indeed, it is

really remarkable that the situation got beyond control in : only these

three places. . • . ...

A part of the general arrangements with the Inter-California Rail

road was its use of the Hind Dam. On the south end of this dam

the proposed alignment turned a small angle to the right, and it was

planned to have the fill for the next 2 miles without any openings—

constituting thus a spur levee to prevent any water which passed

through the main levees from reaching the old channel of the break

beyond the dam. Had this fill been ready, or had the first serious

break been 500 ft. farther along, sand bag diking across the traverses

and out into the brush to force the water to spread out and follow an

old and well-defined swale which entered the Alamo 2' miles beyond,

Would have been easily possible. In either case, the damage would

have been limited to losing less than 1 000 cu. yd: of levee section.

As it was, however, the Water coming through the breaks filled the

borrow-pits on the land side, overflowed the intervening traverses, and,

as the land in general sloped westward, over-topped the last traverse

by the channel of the break below the dam, and caused a rapid grade

recession from there, following the borroWLpit's through the nearest

break. When Mr. Hind and the writer reached the scene, the first of

the three breaks Was beyond control, and the situation was hopeless.

By the time the grade recession had reached and passed through the

break, the flood had crested, and the water had risen against the levee

to a depth of about 4 ft. The water rushing through rapidly increased,

and cut into the far side of the bank, and was deflected and began cut

ting into the land side of the levee. This soon breached the dike about

1 000 ft. from the end of the Hind Dam. This breach became the main

break, and was rapidly widened and deepened until, within 24 hours,

the old channel was again entirely dry and the river had been re-diverted

into the Salton Sea. ■ ''• :'' ' "
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The men of the grading outfit engaged on levee extension work 3

miles down the river were flooded out, and the steamer Searchlight was

sent to relieve them. The re-diversion into the Salton Sink occurred

so rapidly that the steamer was left grounded there in the old channel,

and inasmuch as it was the only craft on the river not controlled by the

contractors on the Laguna Weir, this was a serious matter.

,; : ', .) . The Southern Pacific Quits. . .

"This disaster brought to the higher authorities of the Harriman

Lines a thorough realization of the size of the great task of controlling

the Colorado. The imperative need of invulnerable levee construction

for at least 10 miles along the river was made evident, and the difficulty

and cost of building and maintaining such a system was emphasized.

Entirely aside from the very great cost of bank protection work to pre

vent the breaching of levees through the side cutting of the banks,

was the difficulty of building in such bad soil a line of defence which

would be absolutely dependable.

The financial condition of the C. D. Co. and the Mexican Co., as

just explained, was very bad, and, under the most favorable circum

stances possible, the chances of the Harriman interests ever being

able to get back very much of the moneys already advanced were

extremely remote. In addition, however, it was apparent that an un

usually efficient and expensive levee system would be required, the

first and maintenance cost of which was too large a burden to under

take. .(;.,.

.•. The stockholders of the irrigation properties notified the Southern

Pacific management controlling them that the properties could not be

expected to do such overflow protection work, and indeed should not

pay more than a proportional part based on the total value of the

property interests in jeopardy, especially in view of the . immense

amount of work which had already been done at its expense. Urging

that the irrigation company had caused the menace, (which may or

may not be entirely the case) had not the slightest significance to the

Southern Pacific interests, which were Teally the only ones with any

funds, collateral, or equipment, : and were in no possible sense

responsible for. , any changes in physical conditions along the Colo

rado River, . except to make them very much better than they otherwise

would have been. , . •.• ,,, ,



Fig. 40.—L.v.. Failu..s R.sulting in S.c.nd B..ak, D.cem.eb 7th, 1906.

N... .h. Sho.. L.ngth of th. Two Gaps.

 

Fig. 41.—Eff.c. or Flood o. D.c.l... 7th, 1906, .n L.v.. .f U. S.

R.clama.ion S.rvice, Opp.sit. L.w.. H.ading.
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• On the other hand, it was recognized that something would have

to be done very quickly because the summer flood of 1907 would in all

probability cause such grade recessions as to force a hurried exodus

from Imperial Valley which would be without a parallel in history.

The chances of such grade recession extending far enough to render the

control of the river after that flood very much , more difficult, were re

mote. The matter was made complex by the fact that all work had to be

done in Mexico and practically all property interests in jeopardy were in

America ; and there were no provisions, State or National, to handle

such a curious situation. Unless the river was turned and kept going

to the Gulf, the Southern Pacific would suffer the loss of its traffic

from the Imperial Valley and would have to change its line and

build 100 miles of track, but, to obviate these losses would certainly

not justify it in undertaking to control the river single-handed.

Accordingly, the people of Imperial Valley were notified that,

while the Southern Pacific would be very glad to place such equip

ment and organization as it had along the river at the disposal of

any party who wanted to proceed with the work, and would be willing

to contribute toward the expenses thereof in proportion to the value

of its interests as compared to all others in jeopardy, it would not

advance additional funds without . a definite arrangement for being

reimbursed. Work on a roadbed following the —100-ft. contour was

ordered and rushed to completion. The. cost of grading was very

small, and such a line would preclude the possibility of the interrup

tion of transcontinental traffic by the Salton Sea for at least 4 or 5

years, during which time a line lying entirely above sea level could

be economically constructed. . . : •

On December 13th a mass meeting of the people of Imperial Valley

was held in Imperial, and subscriptions for river control work, totaling

$950 000 were made by various interests. These were the Imperial

Valley Improvement Company (the practical successor of the Imperial

Land Company) $100 000; the Holton Power Company, $100 000; the

C. M. Co., $250 000, and the directors of the mutual water companies

together a bond issue of $500 000. All these were made promising

payment 90 days after the break should have been closed successfully,

the railroad to assume all risk of the work.

.While considering these subscriptions, it was urged in opposition

that the mutual water companies might not be able legally to issue
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bonds or expend money for river protection work at all, or indeed that

the people of the valley could raise money, except by individual sub

scription, for work to be done in Mexico. Requests were sent out in all

directions, resulting in numerous civic and political bodies and au

thorities of the State wiring to President Roosevelt asking to have the

United States Government act in the emergency. The President acted

promptly, and as the result of telegraphic correspondence with Mr.

Harriman, instructions to start work on the river were received on

December 20th.

In the meantime the organization at Andrade and at the Lower

Heading had been kept intact. The quarry was developed, sidings

just across the border in Mexico were lengthened to 7 000 ft., and

material and equipment of all possible kinds which might be needed

were gathered in readiness to proceed whenever orders might be re

ceived.

Senator Flint's Bill.

Immediately after the holidays, Senator Frank C. Flint, of Cali

fornia, introduced a bill in the Senate providing for the appropria

tion of $2 000 000 to handle the situation. Under the provisions of

this bill, whatever sum might be found just should be paid to the

Southern Pacific Company for work then under way, and the remainder

should be utilized to establish an irrigation project for Imperial Valley

by the U. S. Reclamation Service. The idea was that the irrigation

of American land in the Salton Basin and the regulation of the Colo

rado River were inseparably connected, and that as soon as the situa

tion should be under control by the Southern Pacific Company, the

entire matter should be turned over to the Reclamation Service for

future handling. Director Walcott sent Professor A. E. Chandler,

of the University of California, then with the Reclamation Service,

to the scene to make a special report, and President Roosevelt, on

January 12th, 1907, sent a special message to Congress severely

criticizing the promoters of the C. D. Co. arid the management of

the properties, and urging the passage of the Flint bill in order to

relieve the settlers of Imperial Valley from the "injustice" they were

enduring.

When the bill reached the House, Hon. S. C. Smith, Representative

from the Eighth California Congressional District—in which Imperial

Valley is located—opposed it, advising that he did so because of re
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quests from his constituents in the valley. There can be no doubt

that, with very few exceptions, the farmers in the valley objected to

the bill, preferring the existing irrigation arrangements to those which

would follow under the Reclamation Service,* and desiring govern

mental assistance in river protection work, and in that only. Largely

due to Mr. Smith's efforts, the bill failed to pass.

/ h , •

Change in Organization.

In spite of the opinions of visiting engineers, experience during the

first closing left little doubt that there would be any particular

difficulty in making the second closing without any brush mattress

foundation. Even had such been deemed desirable and worth the delay

in time, very little brush was available nearby because of the large

quantity used for the first closing. It was felt that the work was

standardized and consisted in throwing ordinary railroad trestles across

the break and from them making rock fill dams in series. The levee

construction work to be done, however, was very much of a problem

in every way. Superintendent Hind was transferred to the levee

reconstruction and extension, and Mr. Clarke, formerly Resident

Engineer of the Tucson Division, Southern Pacific Company, came

to the work as Superintendent of the second closing on December

20th, 1906.

At the same time, an entire change in the accounting system was

ordered, effective December 7th, the date of the break. Prior to that

time the work had been done by the Mexican Co., with material and

funds supplied by the C. D. Co., and the latter corporation from time

to time borrowed money from the Southern Pacific Company. This

was changed so that the Mexican Co. was furnished money by Epes

Randolph, Agent of the Southern Pacific Company, and the C. D. Co.

had nothing to do with the matter whatsoever. On the American side

of the line, the operations were exclusively under the name of "Epes

Randolph, Agent, S. P. Co." The railroad furnished supplies and

material to him under the same arrangements and conditions as it had

furnished them to the C. D. Co., namely, at cost plus 10 per cent.

One marked difference, however, occurred in making these charges,

namely,, that after January 1st all freight bills were rendered at traffic

* Among the obje.oons, the two most impo.tant wer. th. probabl. in.rease in .ost of
water and the ne.essity for r.du.ing individual holdings probably to 40 a.r.s or l.ss.
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rates instead of at \ cent per ton-mile, this being made necessary by the

provision of the Interstate Commerce Commission which took effect

at that time. ,, . .

Closing the Second Break.

The work of closing the second break was in several ways interest

ing. To begin with, the current struck where the south end of the

Hind Dam had been, and was there deflected sharply, resulting in very

serious erosion. Few people who saw the break at this stage believed

it possible to hold this erosion from going entirely through the struc

ture, but by unloading immense quantities of rip-rap, the fill was held,

the water in front cutting to a depth of about 42 ft.

Two trestles were decided on and started, five pile-drivers being

used, one at each end of each trestle and a floating machine in the

middle of the stream. These trestles had to be thrown in a curve con

cave up stream to connect with the levee on the south side, therefore the

piles had to be driven in a very strong quartering current. The

channel was narrowed and the bottom cut down to a maximum depth

of 38 ft. In driving 90-ft. piles under these conditions, there was con

stant danger of overturning the driver and losing the machinery, there

fore two complete pile-driving outfits were kept in reserve and two

boats waited below the trestle to pick up any men who might be thrown

overboard. h•

On December 28th one line of trestle was practically completed, when

a flood, shown on Plate XLVII (which, by the way, let the stranded

steamer Searchlight get back up the river to the work), carrying un

usual drift, tore out about one-third of it. Three times this occurred, re

sulting in the loss of a large quantity of bridge material. All this was

obtained through Mr. R. H. Ingram, General Superintendent, Southern

District, Southern Pacific Company, and the following telegram from

him is interesting:

"Los Angeles, 1/14/07. .
"H. T. C— •h ..'

"We have exhausted all available supply of piles in San Diego and

Southern California. There is very little hope of getting any in

Northern California. If you feel that you will need any more please

let me know at once as we must make arrangements with the Atlantic

System.*

"R. H. Ingram."

* The lines from New Orleans to El Pasa.



"g. .—C's■g.h.Ba'assAaoundA'motas..

Ga...Dis.ha.ge,2500S..ond-a..a

"'l•ad,10a.ea

 

"g. .—a..ons.aua.i•ofL.a..,Shawing

auak-Di.ah.
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On January 26th, 1907, the first trestle was finished for the fourth

time, all stringers were in place, and the track was two-thirds laid.

In the second trestle, 50 ft. above the first, seventeen bents remained to

be driven. The fill on the south, connecting the trestle with the levee,

was 60% completed. Stored on the branch line in Mexico and the

United States there were 175 "battleships" of rock, loaded at the quarry

of the C. D. Co. by steam shovels, and 100 flatcars of large rock from

the distant quarries. At each end of the dam, J mile of the levees had

been reconstructed, and lJ miles more opened up, while there were

1 100 men and 1 000 head of stock engaged at Andrade and on the

river. , , : ,\y "

On January 27th, the first trestle was completed, and dumping rock

from it began at 5 p. M. By daylight 145 "battleships," containing

6 600 cu. yd. of rock had been unloaded as another flood from the

Gila began arriving, but it caused little trouble. On February 10th at

11 p. M. the second break was closed, and all the water was again going

down the old channel.

The following materials were used in the second closing:

4 000 ft. of railroad trestle—of this, 1 800 ft. were carried away

by floods before either trestle could be completed or any rock

could be dumped. When rock dumping began, no more

trestle was lost; the final result was two trestles, 50 ft. apart,

and each 1 100 ft. long, or 2 200 ft. of trestle.

16 000 ft. of 8 by 17-in. Oregon pine stringers—8 000 ft. of these

were removed.

1200 piles.

45 000 cu. yd. of earth placed by teams—making 960 ft. of earth

dam to connect with the levee, 31 000 cu. yd. being placed by

February 2d.

2 157 car loads, or 55 000 cu. yd., of rock used prior to actually

closing off the water., : '

221 car loads, or 7 735 cu. yd., of gravel.• .': .h •

203 " "h " 8 840 " " " clay. ::

The discharge of the river when work began on December 20th,

1906, was 12 500 sec-ft.
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Dec 31st. 48 900 sec-ft.

Jan. 7th 15 200 "

Jan. 12th. . 44 300 "

Jan. 18th 16 300 "

Jan, 20th. 33 400 "

Jan. 27th (when first rock dumping began) 13 800 "

Feb. 3d 31300* "

Feb. 7th.. 17 700 "

Feb. Hth. .. 20 800 "

After the break was closed, 956 Car loads, or 38 240 cu. yd., of clay

and 873 car loads, or 33 555 cu. yd., of gravel were used to complete

the Hind-Clarke Dam. The rate of dumping rock, etc., is shown by

Table 14.

• • : TABLE 14.—Car Loads of Material.

■::: "O: i, :, . ::> ■! l.,n",: i, ■ ■ _ ., ■■, ,—-

iAa'»1■. iiif.'^ :ir Ki.ljj1v orii ':n :.•«« " Battle
ship."

Flatcar. Clay. G.av.l.

F.bruary 3d ttt.tth,,;.,. X.. ..,.,.. Mf. .v
606
489

501
385
91

,.1.,g : 15

85
58
38

1 ISO
323

977 104
99

173
F.bruary 11th t. 15th . • n.

f 48

1 503 1054 203 221

', ■ ; ■ ■: ..

The water was shut off on February 10th at 11. P. u. and the flatcar

rock then on hand and en route was unloaded in order to release

the ca^s, the rock from Andrade being used until the 18th in raising

the dam hurriedly to protect it against possible floods. The total

car loads of material used in the closing and in the finishing up of the

Clarke Dam were: ■ , .. . (. . . ..... .. ,■

''Battleship." , • • Flatcar, Clay. Gravel.

1490 1182 784 . . 873

During the entire operations subsequent to the second break, in

cluding finishing up the Hind-Clarke Dam complete, but exclusive of

the rip-rap to hold the grade before the completion of the trestle over

the break on January 27th, the following car loads of material were used:

" Battleship." Flatcar. Clay. Grav.l.

'1 517 1 240 956 2 052

* 4 300 s.c-ft. d.wn th. .ld channel.
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The clay pit was closed on March 3d, and the Hind-Clarke Dam

was finished, except for the final surfacing with the spreaders, on

March 15th.

Two steam shovels, and part of the time three (not including the

one in the Mammoth gravel pit) were engaged from September, 1906,

to May, 1907, at $7.50 per day, prior to January 1st, 1907, and at

$12.50 thereafter. During the period, there were from 1 to 12 loco

motives, at the following rates : :

American, light $ 8.00 per day.

Moguls 10.00 "

Consolidation 12.00 "

Car pile-drivers, working 40 days at. . 10.00 "

Donkey engines... 1.50 "

Skid-drivers, complete 2.50 "

TABLE 15.—Southern Pacific Equipment used on River,

from December, 1906, to July, 1907, Expressed in car-days.

 

M.nth. Ball.t...,

at25c.nt.
p.rday. lt..l.id.

d.mp...at

50c.nt. p.rday.

Cab..l.,at

50c.nt. p..day.

Wat.....,

at50c.nt.
p.day.

..tfit...,

at30c.n.. ■p..day.

H.m..r.ight

.rd.t.nti.
(b..an■flat),

at15c.nt.
p..day. F.lignflight

.q.ipm.nt
d.t.nti.n.

. ■

Decemb.r. 1906.. .
January, 1907....
February, 1907. . .
March. 1907

595
690
219
54

3 271 SO
30
15
27

141
174
153
321

42 371
675
47
47

24 972
4 609

?7■5 565
April, 1907

"2

5 255
4 792
2 635
1 336

4
9

53
12

323
440
264
24

28
17 5May. 1907

Jun., 1907 32
- ::::

,

July, 1907......:,.  

 

T.tals 1 560 32 435 230 1840 42 1 217 1059

The Clarke Dam extends from the south end of the Hind Dam

across the second break to the levees on the south. These two dams,

consequently, constitute one continuous structure, which is known

as the Hind-Clarke Dam.

Results of Experience in Constructing the Hind-Clarke Dam.

The experience obtained in making these two closings, according

to the methods used, afforded some information regarding work of this

class which is believed to be entirely unique and in some respects
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unexpected. In the first place, it was shown that the brush mattresa

bottom protection is not only unnecessary, but adds to the cost, both

in time and money, provided rock is thrown in at a reasonably rapid

rate. In discussing the possibility of handling the situation along the

lines decided on, the opinion was freely expressed that the rapid current

would carry smaller rocks indefinite distances down stream, and that

the larger ones would quickly settle into the soft, water-soaked,

alluvial soil to indeterminate but very great depths. As a matter of

fact, a relatively small quantity of "battleship" rock sufficed to blanket

the bottom of the stream with a mattress of rock which fulfilled essen

tially the same function as a mattress of brush.

In this type of construction it is desirable to have rock of various

sizes, such as obtained by blasting large quantities in the quarry and

loading with a steam shovel. Large stones (from 1 to 7 or 8 tons),

which can be loaded on flatcars only with derricks, are effective, but

not absolutely necessary in raising short sections where, through care

lessness or a little unexpected settling, an unusual quantity of water

is going over a low place in the dam with consequent menacing

velocity. Such large rocks were unloaded by a great number of men

using pinch-bars, and, to prevent upsetting, the cars were chained

to the stringers when unloading especially heavy rocks. One man was

killed during each closing by going overboard with a large rock, and

these were the only serious accidents. No equipment was lost during

either closing.

Two trestles were used in both cases. These were 30 ft. apart in

the Hind Dam, and 50 ft. apart in the Clarke Dam, the idea being

that the current would prevent building a rock mattress extending far

enough up stream by merely dumping rock from the trestle on which

the closing was made. Careful examination of the resulting cross-

section, when the water was shut off the first time, seemed to indicate

pretty clearly that it was a needless precaution to have two trestles for

final heads of 14 ft. or less. As there was to be no mattress in the

second closing, it was decided to use two trestles, in order to take no

avoidable chances. Everything worked so well that it seemed safe to do

a little experimenting, and, practically speaking, the second break was

closed from the lower trestle alone. . . . ■ :

In both cases the fills at both ends were kept well above the possi

bility of being overtopped, and of uniform heights across the re
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Fig. 47.—Muck-Ditch Consa.uction in Lev.. Extension Wo.k, 1907.
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maining length. Train loads extending entirely over the trestles were

unloaded most of the time; but short sections of the fill which were

low were promptly filled in, and great care was exercised to dis

tribute the overpour evenly. Once, in the building of each of these

structures, a local settlement occurred, resulting of course, in

large quantities of water going over the relatively short lowered sec

tion. The same experience was had in making the upper coffer-dam

wall for completing the gap in the Laguna Weir. The construction

of a rock fill barrier dam was regarded as impracticable by engineers,

because of just such occurrences surely breaching the barrier hopelessly.

In point of fact, continued dumping of even small rock soon stops such

so-called breaks, although that results in the waste of much material. .

The chief difficulty is caused by drift in the stream being caught

by the trestle. Theoretically, such drift should be very easily broken

up and carried to the bottom by dumping rock. In practice, however,

there is difficulty in keeping drift accumulations from seriously threat

ening the trestle. In Fig. 44 a very sharp kink will be observed which

is due to drift accumulations throwing the entire trestle out of line.

Two or three bents were taken out of the upper trestle from this cause.

It was found that a cross-section of the dam under the trestle

is about as shown in Fig. 48, so that it is the inevitable little breaks

and slides, rather than actual settling, which occurs in such cases.

Local readjustments or settlings were easily handled with an estimated

quantity of 100 sec-ft. per lin. ft. of dam going over the rock fill.

How much more could be handled safely with the rock available is

not known. The writer would say that experience along the Colorado

River would not justify using the rock fill barrier dam method for

quantities in excess of half that flow, on an average, although possibly

much greater rates of : .; . ,' . i'i'bm . : .

discharge over such a

structure might be safe.

The quantity which went

over the 680-ft. crest was

27 000 sec-ft. " resulting section of rcck fill dams made

The total length of . . . pubing^ibst and second closings . . .

rock fill dam used in the

trestle was 1 125 ft., and the water was allowed to pour over 680 it. of

it ; the trestle consisted of 4-pile bents, all piling vertical, 15-ft. spacing
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between bents, average penetration of piling about 18 ft. The total

head, or the difference in water surface above and below the dam, was

12.45 ft., all developed in place in 13 days and 5 hours.

By way of comparison, the, building of the upper and lower sides

of the coffer-dam within which the central or channel portion of the

Laguna Weir was completed is most interesting. One line of trestles,

740 ft. long, was thrown across the stream just above the upper edge

of the weir, and another trestle, 728 ft. long, below the lower edge,

the trestles being about 400 ft. apart. From these trestles rock fills

were built up, and all the water in the river was forced through the

sluice-gates at the ends of the weir, the Arizona sluice-way being

2 700 ft. distant and the California sluice-way 1 500 ft. There were

well-developed quarries at each end of the weir, and the haul was from

1 500 to 3 500 ft. The following equipment was used :

One 2^-cu. yd. Atlantic type steam shovel (in California quarries).

One 2J-cu. yd. Marion steam shovel (also in California quarries).

Seven 12J-in. American steam hoists, mostly in the Arizona

quarries.

Six 18-ton standard gauge Davenport locomotives.

Fifty 6-cu. yd. dump cars.

Eighteen 5-cu. yd. steel dump cars.

Fifty flatears. , ,. ^

h By December 10th, openings to and from the sluice-ways were

completed, and the rock fills were advanced until the head was 2.8

ft. On December 19th, the head had been increased to 6.9 ft., of which

about 3.5 ft. were on the lower rock fill, while 8 500 sec-ft. were going

over these and 3 200 sec-ft. through the sluice-ways. On account of a

reported flood, due to heavy rains on the Little Colorado water-shed,

work was concentrated on the upper coffer-dam, and by noon of De

cember 21st the gap was closed and the river—•9 950 sec-ft.—was

turned through the sluice-ways, the head being 3.5 ft. on the lower

and 5.4 ft. on the upper fill, or a total head of 8.9 ft.

The river began to rise 30 hours later, and crested at daybreak

on the 23d, the discharge being 35 250 sec-ft. Water passed over the

entire length—4 200 ft.—of the completed dam; 3.2 ft. deep, but

lacked 10 in. of reaching the general level of the upper rock fill. The

lower coffer-dam was injured considerably by water running length
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wise of the dam on the down-stream side, so that the upper rock fill

stood all the head, which reached a maximum of 10.1 ft. Two weeks

later the damage sustained by the railroad tracks on top of the finished

parts of the structure had been repaired, the lower coffer-dam had

been completed above the danger line, and work had commenced on

the 650-ft. gap in the main structure within the coffer-dam.

About 600 men were engaged on the closing, working in two 10-

hour shifts. The total cost of turning the river through the end sluice

gates and constructing the coffer-dam is given as $86 072 ; the total

rock used was 59 750 cu. yd. of excavation, making 82 800 cu. yd.

in the rock fill. No lives and no equipment were lost, and the time

required after beginning to dump rock was about 2 weeks.

The total cost of the rock work in the fills, including trestles,

quarrying, train service, superintendence, depreciation, and all over

head charges of the project, was $1.04 per cu. yd., of which 45%, or

$38 720, was for excavation, Class 1 (quarrying solid rock).

't Completing the Clarke Dam.

The Clarke Dam was rendered impervious by dumping Mammoth

pit gravel and clay from both trestles. No attempt was made to puddle

or settle the material by hydraulieking, as was done with the Hind

Dam. Small local settlements occurred from time to time for a year

after the dam was completed, but nothing disquieting in any way.

Imperviousness was very quickly obtained, indeed, long before the

structure was raised to grade and widened to its proper dimensions.

In constructing the Hind Dam, every effort was made to hurry

the work, and the stringers were not taken out. With the Clarke Dam,

all stringers were removed, the tracks were raised and narrowed to

13 ft. from center to center, and the top and sides were finished off

with the gravel spreader used on the levee work, leaving the finished

structure as shown by Fig. 50.

Spur Levee.—A spur levee, 8 700 ft. long, was built, starting at

the elevation of the top of the Hind-Clarke Dam (124 ft.), and with

an initial descending grade of 0.5 per cent. The purpose of this

levee is to prevent water from any break in the main levee south of

the Hind-Clarke Dam from getting into the old dry channel below,

as happened when the second break occurred. It is intended to hold

such water back and make it spread over the low country in a sheet.



1378 IRRIGATION AND KlViCR CONTROL, COLORADO RIVER

This levee, which was decided on, but not started, before the second

break, is located along an old overflow channel slightly higher than

the country on either side, and where test-pits showed need for little

muck-ditching. Arrangements were made later with the Inter-Cali

fornia Railroad to change its alignment to use this spur levee and the

Hind-Clarke Dam, and it was thus extended by this railroad grade

for 4, miles without any opening, , ••„.•„• ; . .

Changes in Staff.

, The success of the Hind-Clarke Dam being assured, arrangements

were concluded whereby F. C. Herrmann, M. Am. Soc. C. E., on Febru

ary 1st, 1907, became Assistant Chief Engineer of both the C D. and

Mexican Cos., particularly for' the purpose of making surveys and

estimates for reconstructing and. extending the. canal system in Im

perial Valley. About March 1st, the Claike Dam being then well

advanced, Mr. Clarke was transferred to the valley and appointed

Superintendent of Construction of both companies, Superintendent

Hind remaining in charge of all operations along the river until they

were finished, when he was transferred to, the Harriman Lines in

Mexico, on August 1st,. 1907.. On May 1st, Mr. Clarke returned to

the railroad as Resident Engineer of the Coast Division. Nearly two

years later he came, back to the valley as Superintendent of Imperial

Water Company No. 1, and early, in January, 1910, was appointed by

the Receiver of the C. D- Co. as Assistant General Manager and Chief

Engineer, which position he resigned in April, 1911. The writer re

mained as General Manager of the properties, but relinquished the

title of Chief Engineer in. both companies, in July, 1908, and issued

circulars advancing Mi. Herrmann, to the positions which he held

until he left the companies, in March, 1910, after, the appointment

of a receiver. h His successor in the Mexican Co., and its present

Chief Engineer, is Mr. C. N. Perry, who first came to the valley

with Mr. Rockwood in 1892, and was Resident Engineer of, both com

panies from October, 1901, to August, 1906, and so was in immediate

charge of most, of the existing canal construction in Imperial Valley.

Since April, 1911^ Mr. J. C. Allison has been Chief Engineer of the

C. D. Co. ' ,' ~.'!• " . . ..
.♦• ■ •' i '• "•:•«.•. h:..> i Levee Reconstruction. '

1 On December 20th, 1906, reconstruction on the existing levees

was begun by tearing away the land side of the levee and excavating a
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continuous muck-ditch as deep as the test-pits indicated to be neces

sary. The usual location of a muck-ditch is under the center of the

levee section, but, in reconstruction -work, this was not practicable,

and besides, there were several reasons for location nearer the land

toe, which will be mentioned later. The excavation was made as

narrow as possible with the use of 4-horse Fresno scrapers, and it was

found that the walls, not only of the natural soil, but of the recently

constructed levee section, stood practically vertical without any caving.

(Fig. 43.) The muck-ditch was excavated 1 ft. lower than the lowest

layer of cracked adobe soil lying above the permanent water-table,

and was refilled with the material removed, care being taken to

keep out roots and clods of adobe exceeding 3 or 4 in. in greatest

dimension. When the muck-ditch was completed, the land side of the

levee was replaced to the slope of 3 to 1, instead of 2 to 1, as origin

ally built. This work was started on force account, but was soon

changed to a yardage basis, on the following schedule :

Levee section removed and replaced in embankment, .12. cents pej.

j.,,., ■,. CU. yd. ... ,! . - t , ,-, ,.„-.i • . •.;;

Muck-ditch excavation and refill, 17J cents per cu. yd. • .•

Reinforcing levee section, 19 cents per cu. yd. r „.y ., , •

The total earth handled was 199 000 cu. yd . r " ,■. -

: Levee Extension.—At the same time, surveys were commenced for

extensions of the levee to the south. From Mile 7 the original align-'

ment continued closely paralleling the river, and here all clearing

had been done for 2 miles, and about 20% of the fill had been made.

At the south end the flood caused three breaks, close together, through

almost completed levee section. These breaks were due to bad material,

that is, adobe which in working had broken up into small, hard clods.

Directly across the river, similar breaks had occurred in the levee of

the Yuma Projeet. In addition, the river during this, flood showed, a

marked tendency to cut into the west bank immediately opposite. . , r,„

The surveying party found that the most suitable soil and, the-

highest ground, west of the river bank itself, lay along the Paredonesr

overflow channel, which turned away more than a safe distance from

the river. This channel was followed beyond the undergrowth to open

country, and a hurried reconnaissance showed that at some future time,

by building approximately 20 miles of levee, most of it relatively low,
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connection could be made with the mountain chain on the west side of

the delta at Cerro Prieto.

It was felt that the work now in progress was not merely to prevent

flood-waters from quickly getting around the end of the Hind-Clarke

Dam, but that very soon a system of dikes constituting a continuous

line of defence for the Imperial Valley must be provided. President

Roosevelt had not requested or authorized Mr. Harriman to construct

anything so elaborate, but only what would form a protection for a

few years at most, or until suitable permanent arrangements could be

made to control the river properly. Such levees as were to be built,

however, obviously should be constructed with a view to being incor

porated in their entirety in the final scheme.

Two plans for keeping the overflow waters of the Colorado from

getting into the Salton Sea are at once seen to be better than any

others. One is a levee line along the Paredones ridge and north of

Volcano Lake to Cerro Prieto, and the other is a line of levees parallel

to the river practically to tide-water. These two plans are shown in

Fig. 4. The first would protect all American interests and all that

territory in Mexico lying to the north and west ; the second would also

protect the very large area lying between. This additional area is the

property of the C. M. Co., and is in an extremely good location for

irrigation from the Colorado. The C. M. Co., on being approached

regarding the matter, thought that its present interests would be best

served by the northern line of defence, which thus precluded the pos

sibility of financial assistance from that company in giving additional

protection, and the matter resolved itself into a decision as to which of

the two lines could be built and maintained at least cost. The instru

mental data regarding the region were insufficient to decide between the

two possibilities, and, incidentally, the same condition of affairs unfor

tunately exists to-day. However, something had to be done, and at

once. Based solely on careful reconnaissance, the northern line of

levees Was decided on, and the portion to be immediately built was

located to a point about 10 miles below the Hind-Clarke Dam, this

being enough to prevent water from getting around into the Alamo

channel during flood stages. Aside from the desire to do only what

was absolutely required and could certainly be finished before the sum

mer flo.d, it was felt that the officials of the Mexican and American
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Governments should have the greatest freedom in determining on

future work for controlling the river. :■ , ,. t , ., . •. .-,

The grade was determined from existing high-water marks along

the line of the levee, checked by high-water marks along the line of

the river ; and several miles at the lower end has a grade of 3 ft. per

mile. The cross-section decided on was a top width of 10 ft, and

slopes of 3 to 1 on each side.

3
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»

 

V
, ■ mti

O.I 0 •ib ■ioV

I

TIME COMPRESSION C URVE
OF IMMERSED ADOBE SC

PRESSURE 500 LB.- PER S(J
IL

;

.IN..

I

■ -'."iW

-.IiIkIj

■

'1 f i 1 ■' i \ 'I

■ .s
.

. f ■ II.. ..

.,
Of

i b.>) . :>i • ' : h J i , i m ' n f

a'
■5 ■ i■ ■ . i ' '. ;

■.r
■ ... i.■,■ —t

'
... .

lata''

.-.■i fid

>f-- . r i r ■

[)* I':''

id fii!'

C.mpressi.n, .in Feet

Fig. 49.

Much-Ditches.—The Yuma Project, XT. S. Reclamation Service,

loaned one of its engineering, corps, the method being to grant leave

of absence to the members . and have them carried on the payrolls of

the Mexican Co. This corps was in charge of Mr. C. W. Ozias, Assist:

ant Engineer, and was assigned to levee location work. Mr. Ozias was



1382 IRRIGATION AND RIVER CONTROL, COLORADO RIVER

instructed to make tests for determining the time at which efficient

compression of adobe soil would take place with distributed loads, as

under a levee when immersed in water. For these tests some hard

chunks of adobe were taken from the muck-ditch excavation, 2 ft.

below the surface at Station 178, and placed in a box 1 ft. in each

dimension, in as nearly natural condition as possible, and kept under

a continuous pressure of 500 lb. per sq. ft. At the end of 1 hour \ cu. ft.

of water was added, part of which leaked out. Compression started

rapidly, and continued for 1 hour, due to the chunks being pressed

closely together in the box, and slower compression started at the end

of this time. The compression continually decreased until the 40th

hour, when no more movement was noticeable on the scale beam. The

mass was then removed from the box and found to be plastic and

pressed together so that it contained no voids. From this it ap

peared that efficient compression under a load of 500 lb. per sq. ft.

starts at the end of an immersion of about 3 hours, and continues in

definitely until all the voids close. This is why borders, canal banks,

levees, etc., in that region soon become impervious if breaks can be pre

vented during that period. It is the inability to prevent breaks

over a long line which renders a muck-ditch of some form practically

necessary.

The results of this experiment suggested dampening the slickens

under the levee section enough to have the voids in it closed by com

pression due to the weight of the levee section. Such wetting could

be brought about by digging a trench along one or both toes of the

levee and pumping water into it, and would save the large cost of

muck-ditch construction. As this levee line was too vitally important

for such an innovation, it was decided to use a muck-ditch 6 ft. wide on

the bottom and having side slopes of 2 to 1, the excavation to extend

at least 1 ft. below the lowest layer of cracked adobe soil above the

water-table. Testrpits were dug every 200 ft. to determine the nec

essary depth. '■ • ' ' •

The muck-ditch, however, was located under the land toe of the

levee, as shown in Fig. 38, because it was not deemed desirable to pre

vent water from getting under the levee, but, on the other hand, to allow

water to go under it as far as possible and still certainly hold it back

with the muck-ditch. In this way the cracked adobe layers under the
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levee section would become impervious as a whole in the minimum time

after the water came as high as the toe of the levee.

The muck-ditch, except for two short stretches, was filled with the

soil taken from it, only a few places being found in the 17 miles con

structed where bad material occurred in such masses as to render

it at all difficult to mix the adobe clods with satisfactory material taken

out of the excavation.

Borrow-Pits.—Borrow-pits were located on the land side, leaving

a berm of 40 ft. and traverses 20 ft. wide at intervals of 250 ft. It was

specified that borrow-pits be left in workmanlike condition, with a

maximum depth of 2J ft. on the side nearest the levees and 4 ft. on

the farther side. The reasons for borrow-pits on the land side have

already been given. The occurrence of the second break was■ not con

sidered to indicate any good reason for change in this particular.

Contracts and Contractors.—All levee extension work was done on a

yardage basis, a contract being let to W.. K. Peasley and Company, of

Los Angeles, for 184 cents per cu. yd., for the entire levee cross-

section, including the muck-ditch, and 10 cents per cu. yd. for refill

ing the muck-ditch section. The price for clearing and grubbing was

$2 000 per mile. The contractor assumed all risk of expenses due to

delays caused by flood, and the company paid all customs charges at

the Boundary Line.

The Yuma Project, U. S. Reclamation Service, permitted the use

of 120 head of its rented stock in order to assist in completing the

work before the summer flood. This outfit worked under the usual

regulations of the Beclamation Service, on a rental basis, and the levee

contractor put it on the work and paid the Mexican Co. what the latter

paid. The Beclamation Service engineers advise that levee construc

tion on the Yuma Project has been found to cost much less than Mr.

Peasley's contract, but, for some reason or other, the levee contractor

and the company's timekeepers, who checked the work, show that the

contractor's price for the work done by this grading outfit on this

job was less than its cost. The great hurry had a marked effect on

the expense to the contractor, however. At any rate, the writer had

an opportunity to examine the contractor's books later, and found

that his profit on this job, with proper overhead and equipment

deterioration charges, was 17.3%, and none of the possible delays due

to floods, etc., occurred. . . • . •
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All work was very carefully inspected by an unusually large corps

of men, and every precaution was taken to prevent any roots or rub

bish from getting into muck-ditches or fills, and to see that all muck-

ditch construction was carried to the depths ordered.

Mailroad Track.—When completed, all levees, both as reconstructed

and extended, were laid with a railroad track consisting of new 6 by

8-in. Oregon pine ties 8 ft. long and good old 56-lb. relaying steel ob

tained from the Southern Pacific Company. This was done partly

because of the great advantage in maintenance work in future and

partly to distribute a blanketing of Mammoth pit gravel.

On the completed work 15 miles of track were laid on the main

levee, 1J miles on the spur levee, 5| miles from Hanlon's Junction to the

Lower Heading, 2.6 miles of sidings, quarry tracks, etc., in California,

and 2.7 miles of sidings and double track over the Hind-Clarke Dam

in Mexico. No part of this track has been taken up, but the main

line and. sidings between Hanlon's Junction and the end of the spur

leyee have been sold to the Inter-California Railroad.

Gravel Blanketing.—Vegetation, springing up like mushrooms on

fills in the region, very soon i precludes any possibility of inspection.

The roots also attract burrowing animals. Furthermore, the danger of

erosion on the water face by swift currents due to the fall of 3 ft. per

mile made it exceedingly desirable to provide a better surface for the

eddy currents. For these reasons all levees were blanketed on the top

and both sides with a 15-in. layer of gravel from the Mammoth gravel

pit, which, as has been said, supplies a cementing material which packs

into an almost impermeable surface. It was practically impossible—

and would have cost' more money^to have blanketed the water face

only, or to have put a -greater depth on it than on the land side, because

all the gravel was hauled in "battleships" which dumped equal quan

tities of material on each side. Ordinarily, two cuts of cars were un

loaded, a considerable portion of the first being used on the top and to

surface the track. The remainder was spread evenly over the two

slopes of the levee with a home-made spreader devised and constructed

with an ordinary flatcar temporarily taken for the purpose by Super

intendent Hind at a: total cost of $300. Its construction is shown by

Figs. 45 and 52. "With this the graverwas spread in an extraordinarily

workmanlike manner at a cost of 0.1 cent per cu. yd. It worked in

either direction, and the ordinary process was to have one cut of gravel



Fig. 50.—Sooth End oa Hind-Cla.ke Dam, Showing Location of

S.cond Closing.

 

Fig. 51.—Typi.al S.ction of Compl.a.d L.v.. with Land-Sid. Bokbow-Pits.
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dumped along from 3 000 to 6 000 ft. of levee, and have a locomotive

take the spreader on two round trips, the usual speed being from

10 to 12 miles per hour.

Very much more permanent and expensive blanketing of levees is to

be found on the Sacramento Biver, California. In Reclamation District

307, near Lisbon, about 15 miles below Sacramento, a length of a little

less than 3 miles of levee has recently been completed. This keeps out

the back waters, in which there is little current, but, on account of

the width, the wave action is relatively severe. The blanketing was

begun about July 1st, and finished about December 1st, 1911, and

consists of 700 000 sq. ft. of reinforced concrete 4 in. thick. (Fig.

56.) The reinforcement was a No. 10 gauge wire, 6 by 6-in. mesh,

known as the Clinton Electrically Welded Fabric. The concrete

was a 1:2:5 mixture, with rock brought by train from Oroville

to Sacramento and thence by barge to the work, and cost there

about $1.50 per cu. yd. The Reclamation District furnished the cement

and reinforcing material, and the contractors, Eichard Keating and

Sons, of San Francisco, did all the other work. Mr. P. N. Ashley,

County Surveyor of Yolo County, Woodland, was engineer. This

covering cost 13 cents per sq. ft., or a total of about $94 000, or ap

proximately $32 000 per mile. The average height of the levee was

22 ft. //'

TABLE 16.—Statement of Charges on Account of Operation

of Mammoth Gravel Pit, from October 15th, 1906, to

July 15th, 1907, Inclusive.

Labor of gangs in pit getong out grav.l—
Us. of tools, 2% on abov. labor.
Wag.s of trainm.n in pit
Wag.s of engin.men in pit
Wag.s of operators, etc., at pit
Rental of .ngin. in pit
Rental af steam shovel ir
Fuel furnished for pit .ni
Fuel furnish.d for st.am*shOvel. .
Material pur.has.d for pit engin. repair. .
Material purchased for steam shovel.
Misc.llaneous suppli.s
Miscellan.ous pit engin. supplies.

On sto.e department expens., 5%
Shop repairs to st.am shovel. . .
On shop exper
Fr.ight on mai
Mis.ellan.ous

 

pense, 10% I.
material shipp.d to pit ,
us .redit

Total.

$28 812.46
466.25

8 108.91
2111.66
897.19

2 202.50
2 457.50
4 495.14
1 594.41

7 862.89
893.10
727.19
72.72

6 845.86
119. 74

$55 927.58
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TABLE 17,—Carloads of Gravel Shipped.. •• • v;

 

1906.

T. Calif.rnia
D.vel.pment
C.mpany.

 

T. Ep.s
Rand.lph,
Ag.nt,
sTp. C..

To S.uth.rn
Pacific

C.mpany.
T.tals.

Oct.ber .
N.vemb.r. .
D.cember...

357
1 171

1907.

ry
March
April
May
June
July

479
756

1 849
2 178
2 032
1 082
239

18
718

644
726
300
114

357
1 189
1 311

1 123
1 482
2 149

1 609

T.tal.. 9 206 3 ! 14 073

The following is a detail of charges for royalty to Epes Randolph,

Agent, S. P. Co.:

Value of tracks in Mammoth gravel pit, prop

erty of S. P. Co ' $16 832.00

Interest on $16 832.00 for 1 month

at 6% per annum..1.... $75.74

Depreciation on $16 832.00 for 1

month at 5% per annum. . . V. . .'. . . • 70.13

,. $145.87 .. •

Interest from December 1st, 1906, to July

15th, 1907, 71 months 1 094.03 ■

Total number of cars removed by

Epes Randolph, Agent, S. P. Co.,

9 206, or $0.11883 interest per car.

Charge for gravel, 1 cent per cu. yd.,

30 cu. yd. per car, or 0.30 royalty per car.

Total royalty charged per car $0.41883

Average cost per car, $55 927.53 divided by 14 073 =

$3.9741014 per car.

In blanketing the levees, 5 285 carloads, or 185 000 cu. yd., were

used. Of this, 4 803 carloads, or, 168 000 cu. yd., were used on the 15

miles of main levees, or 16 800 cu. yd. per mile, and 482 carloads, or
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17 000 cu. yd., 6n the 1.6 miles of spur levee, or 10 633 cu. yd. per

mile.

Wing Levees.—In addition to blanketing the levees with cementing

gravel, wing levees of gravel were built out into the brush, at intervals

of about 400 ft. Their purpose is to check the flow of water in the

V-shaped section between the trees along the near toe and the water

face of the levee. Brush abatis work was not considered sufficiently

permanent.

Telephone Line.—A two-wire, metallic-circuit, telephone line was

constructed along the land toe of the levee after the gravel blanketing

was finished. The location was unfortunate, as the rapid growth of

willows and other bulb vegetation just behind the levee caused con

siderable annoyance and expense. It would have been much better

to have put the line on the land slope, about 9 ft. from the center of

the levee. . .

At each mile post a 6 by 8-ft. wooden tool and telephone house was

put up, and white boards were nailed to telephone poles at points half

way between, to mark the ends of the patrol beats. When floods are

expected, sacks, tools, etc., can be distributed and kept in these houses,

but between times it was found impracticable to leave anything but

the telephones on account of malicious and thieving passers-by. It

was also found that the heat in these houses during the summer was

sufficient to melt down and spoil many of the rubber receivers, so that

only metallic ones are now used.

General Data.—The total length when complete was 15 miles of

main levee, having an average height of 8 ft. and an average muck-

ditch yardage of from one-third to one-fourth of the main section,

and 1.6 miles of spur levee, with a height of from 20 to 4 ft. and a

muck-ditch yardage of about 15% of the main section. The quantities

and costs of the extension work after the second break were as follows:

154 500 cu. yd. muck-ditch excavation at 18J cents.

49 700 " " " " refilling, which was twice handled,

at 10 cents. . . ,

443 000 " " embankment at from 18J to 251 cents.

166 700 " " original specification at 18J cents.

100 800 " " wide check at 19 cents. '

154 545 " " checkerboard system at 25$ cents;

• ■ , ' 9.66 miles of clearing and grubbing, $2 000. i'■• ' '



Pig. 53.—Typical S.ction of Compl.t.d L.v.., with Int..rupa.d

bo..ow-plts on ah. rive. side.

 

Fig. 54.—Connecaing Channel Eroded B.tw.en Interrupted Bo.row-Pits

Du.ing Summ.. Flood, 1907.
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Enlarging Main Canal and Building Secondary Levee on Canal

Bank.—On November 26th, 1906, the Delta cut its way into the

Main Canal just below the Boundary Line and commenced deep

ening it and building a secondary levee on its river side beginning

at the concrete head-gate and working down stream. It reached

the Lower Heading and connected the levee bank with the

north end of the Hind Dam in May, 1907, and started back, improv

ing the work at various places and continuing this until July 21st,

1907. This levee was built in exactly the same way as those around

the Reclamation Districts of the Sacramento River, and was made

with a minimum height of 3 ft. greater than the main levee opposite

along the river bank. Though not a very efficient construction, it,

nevertheless, will serve to prevent water from getting into the Main

Canal from breaks in the main levee until they can be repaired. •

Criticism of Levee Work Done.—All parties interested assumed

that the Harriman interests were doing work in the capacity of a

contractor for the United States Government, and not in any sense

in its own behalf, and that the engineers of the Reclamation Service

were "available for consultation." Certain of these engineers, indi

vidually, criticized the excavation of the borrow-pits on the land side

of the levee, and so a request was addressed to the U. S. Reclamation

Service for a Consulting Board to consider the situation and make

recommendations. Such a Board was appointed, all being members of

the Service, consisting of A. P. Davis, W. H. Sanders, D. C. Henny,

and Francis L. S'ellew, Members, Am- Soc. C. E. This Board inspected

the works then under way, and on January 10th reported, recommend

ing among other things that:

"4. Borrow-pits should be on the water side, berms between them

of greater width than the pits, and care should be taken not to disturb

the vegetation on the berms, which should also be protected at frequent

intervals with barbed-wire fences of 4 to 5 wires, the bottom of which

is at the surface of the ground *,*.*. .. . v

"7. The levees now built should be provided with cut-off trenches

under the water slope and later provided with sheet-piling reaching

below borrow-pits * * •*.'

"8. All levees should be blanketed with gravel on water slope

and railroad track maintained on the levee." •' •h

The clearing for half of the extension work was done at this time,

and the work already started was continued as theretofore. Pear of
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erosion trouble, because of borrow-pits on the river side, and corre

spondence with the New York office of the Harriman Lines, resulted

in the appointment of another Consulting Board consisting of Messrs.

L. C. Hill, W. H. Sanders, and F. L. Sellew, Members, Am. Soc. C. E.,

of the IT. S. Reclamation Service, and William Hood, M. Am. Soc. C. E.,

Chief Engineer of the Southern Pacific Company, which met at Yuma,

thoroughly examined the work, and reported on February 14th, among

other things, as follows:

"Existing Levee Between Cement Head-Gate and Dam Across

Lower Intake.

"Spur dikes (traverses between borrow-pits) to be increased in

width to at least 50 ft. on top and to be at least 4 ft. in height above

the general level of the original surface of the ground, and to extend

at least 300 ft. northerly from the northerly edge of the borrow-pits,

and in this 300 ft. no borrow to be made on either side of this levee

and no brush to be cut outside of the limits of the slope stakes.

"The end of the levee and for some distance on the sides on each

side near the end to be thoroughly brushed.

"These cross-dikes to be not to exceed 600 ft. apart, and where now

located essentially farther than this, an intermediate cross-dike to be

put in * * *.

"An abatis work, being in effect a wire and brush wing dam, shall

be built from a point on the slope of the levee nearest the river, situated

well above high water, and such wing dam pointing down stream,

approximately, per local conditions, at an angle of 45 degrees to the

levee. ' '

"This to be made with suitable posts or stakes driven into the levee

and between the levee and existing trees and thence by assistance of

trees acting as posts or stakes and suitable barbed wire fencing in

two lines not less than 2 ft. apart, and the whole filled with brush

thoroughly wired down.

"These wing dams to occur at no greater distance apart than

500 ft. * * *.

"Levee Below Dam Across the Lower Intake, This Being Partly

Completed and Under Construction.

"The same remarks as to spur dikes and. abatis work apply as stated

above with reference t. existing levee: between the cement head-gate

and the dam across the lower intake *

"For the levees as constructed, material has been taken from the

land side instead of the river side, as recommended by the previous

Consulting Board of the Eeclamation Servicie.
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"As these conditions now exist, the present recommendations are

with a view to make the levees as secure as practicable under present

conditions * * *. As to the still unconstructed portion of the 10J

miles of levee now intended to be constructed southwesterly from the

dam across the lower or Mexican intake, this unconstructed portion

being several miles, we recommend and expect that the recommenda

tions of the Consulting Board of the Reclamation Service as to the

position of the borrow-pits, position, depth and character of muck-

ditches, and all other matters, be strictly complied with."

Accordingly, the additional levees, constituting 4.11 miles at the

south end, were built with muck-ditch under the river slope and with

borrow-pits on the water side of the levee. These pits are 100 ft.

lengthwise of the levee, with spaces between them 100 ft. in width, on

which every care was taken not to disturb the vegetation to the water

toe of the levee. This method of borrow-pits is known locally as the

"checkerboard" system. (Fig. 39.) .• •

It is obvious that the checkerboard system requires an average haul

of excavated material of about 175 ft. in excess of that required by the

ordinary plan. .. ■ ■. . ..; •> ...

According to comparative tests, this increase in length of haul and

inconvenience in handling teams resulted in increasing the cost of work

about 6| cents per cu. yd. for embankment only, or approximately 30%

of the cost of team work; • . .- . •.

It was deemed advisable to complete the main levee high enough

to be beyond danger of overtopping by floods before doing anything

on the spur levees between the land side borrow-pits recommended by

the Consulting Board on February 14th. About the middle of May

bids were asked for constructing them (described in the first item of

the report of the second Consulting Board), and the lowest bid was $40

per acre for clearing, $80 per acre for grubbing, and 31 cents per cu.

yd. for embankment, making their estimated cost between $12 000 and

$12 500 per mile of main levee. Accordingly, a third Consulting Board

was requested, and was appointed by Mr. A. P. Davis, Chief Engineer

of the Reclamation Service, consisting of C. E. Grunsky, Consulting

Engineer to the Secretary of the Interior; L. C. Hill, and F. L. Sellew,

which Board met on June 19th and recommended as follows:

"1. That in lieu of the general system of cross-dikes recommended

by the second Consulting Board : .

"(a) To complete at once the cross-dikes now being constructed
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about 500 ft. southerly from the south end of the Clarke dam, making

it 10 ft. wide on the top and giving it the same height as the crest of

the spur levee with which it connects ;

"(b) To construct a second cross-dike about 500 or 600 ft. southerly

from the first, also 10 ft. wide on top and with a height the same as the

crest of the spur levee with which it connects;

"(c) To construct cross-levees, with crest at least 4 ft. above made

ground (tops 10 ft. wide) between the main levee and the secondary

levee [along the east bank of the main canal from the concrete head-

gate to the north end of the Hind Dam. H. T. C], near or on the

southerly bank of the old upper Mexican intake, and a second within

about 1 000 ft. of the southern end of the secondary levee." :

This recommendation was carried out.

Summer Flood of 1907.

The levees, including the secondary one along the Main Canal and

the cross-levees mentioned in the recommendations of the last Con

sulting Board of the Reclamation Service, were completed on July 21st,

1907, and ■the Epes Randolph, Agent, fund was closed. The Delta con

tinued deepening the Main Canal and at the same time raising and

strengthening the secondary levee on its river side for 3 months longer,

but it was estimated, that the cost of such work balanced the deepening

of the Main Canal done while strengthening the same secondary levee,

prior to that date. After that time all charges for maintenance and

operation of the head-gates and levee system were made by the Mexican

Co. against the C. D. Co, . • • • ■

■ The flood of 1907 was a record one in total discharge, and probably

would have been in gauge height reached at Yuma had it not been for

the unusual conditions lower on the river. The old channel of the Col

orado was considerably higher than usual, from the point of diversion

to the Gulf, the erosion since the diversion and until the coming of the

Summer flood being of not much importance. It had been silted by the

very small quantity of water carried as the re-diversion became more

and more a reality, and, in addition, it was appreciably raised by the

flood of December 5th which stranded quantities of heavy silt. ;

The vegetation of the lower delta lands depends oh the annual over-

bank flows, and these lands had not been covered for two seasons, due

to. the, river diversion north of the delta's dividing ridge, much of the

light vegetation had perished, and large tracts of the region had been

burned over. : In designing the levee system it was deemed conservative
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practice not to take into account any such increased overbank flow,

and to consider that the whole channel would be much less efficient

and would deepen much more slowly than usual under the coming sum

mer flood, on account of the fact that the bed had been undisturbed for

2 years, and hence was compacted and dry. Cross-sections are

shown on Plate L. However, the flood of 1907 came up very

gradually, and eroded the bed most satisfactorily, and an extraordi

nary quantity of water went overbank, particularly to the west

because of the greatly decreased vegetation. It thus happened that

this record flood, confined between levee banks only 1 500 ft. apart, rose

to only an average of about 6$ ft. below the top of the levee, varying

from a minimum of 6 ft. to a maximum of 7 ft. The water got against

the levees for their whole length, however, testing the muck-ditch con

struction thoroughly, and in no case was any weakness apparent.

The water-table throughout the region was raised above the bot

tom of the borrow-pits in many places, so that a considerable quantity

of water, in some cases 2J ft. in depth, slowly seeped into these pits.

This water was always perfectly clear, came in very slowly, and gauge

readings, kept in many of them and in pits nearby, showed that the

levels in them fluctuated with the adjoining water-table at all times.

As the flood went down, these waters lowered and disappeared, and a

rapid growth of willows started, so that a very large part of the borrow-

pits is now overgrown with a dense growth, many bushes attaining a

height of 20 ft. in 2 years.

Much difficulty has been found in keeping Indians from clearing

away such growths and utilizing the borrow-pits as garden patches.

Indeed, the Mexican officials practically take the position that, th.ugh

the land is private property belonging either to the Mexican Co. or

the C. M. Co., the nomadic Indian tribes have for many years been

free to live their Gipsy life therein; that the levee system has cut off

the annual inundation on which these people depended for their gar

den crops; and that it is unreasonable to insist on preventing them

from taking these borrow-pits for gardening purposes, particularly as

they are prevented from making clearings and utilizing inundated

land in front of the levee.

A very striking occurrence was the complete filling up of the

diversion channel between the river and the Hind-Clarke Dam. In

many places this was more than 45 ft. in depth and probably averaged
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20 ft. for 2 800 ft. up and down the river and 3 300 ft. at right angles

thereto, an area of 210 acres. When this summer flood had passed,

there was only a little pool about 5 ft. deep immediately above the

Hind-Clarke Dam where the water had been deepest. Two years later

this area was so densely overgrown with willows that it was extremely

difficult to believe that the break ever occurred there. Until this silting

up in front of the Hind-Clarke Dam began, numerous small boils ap

peared in the sand bar formation behind the Hind Dam. These at

no time were of any importance, and soon ceased. , Behind the Clarke

Dam, practically no seepage whatever occurred. . , .

The very slight percolation of water under these structures was

rather surprising and very gratifying, considering their non-homogen

eous structure and the character of their foundation. Nevertheless, it

accords with the experience with the wooden and concrete head-gate

coffer-dams, and the pumping of water into the Main Canal to keep

the Alpha afloat, namely, that seepage through the alluvial soil of the

region is remarkably small. ,

The water-table, for considerable distances on each side of the

river, rises and falls with the water surface, especially during the

summer floods, with small lag in time. The writer has always con

sidered these two facts incongruous, and has never been able to find

a satisfactory explanatiqn. .

''• ' Maintenance of Levees."' '•• '

Until the summer flood of 1907 had passed, the levees were very

carefully patrolled, watchmen being stationed night and day at each

telephone house. A considerable store of timber, large and small, has

always been kept at the Lower Heading until recently, and a store

house containing a large quantity of shovels, picks, crow-bars, track

tools, and lanterns has been maintained at the upper end of the Hind

Dam. In this, from 20 000 to 50 000 sacks are always kept, being

drawn on for use in the valley and replenished to avoid deterioration

from long storage. Until a number of flashy floods had passed, a work

train, was always ordered from the Southern Pacific on reports from

the head-waters indicating large rises in the lower river, and sacks

were taken from the storehouse and distributed up and down the

river, 500 at each toolhouse. Confidence in the effectiveness of the

dikes soon grew, so that this is no longer being done. . . ^ . .



 

Flo. 55.—S.cond Closing. Head Develop.d, 8 Feet.

 

Fig. 56.—R.inforced Concr.t. Facing, on Leve. 25 F..t High, N.a.

Sa..am.nto, Cal.

 

Fig. 57.—Wooden Flume Over New River Barranca.
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In spite of the gravel blanketing, vegetation starts up slowly, and

is kept down by constant but relatively inexpensive work. Consid

erable annoyance is caused by insects, particularly large burrowing

ants which make great ant-hills and holes. These are destroyed by

pouring gasoline into the holes and burning it.

As the value of rock, in repairing breaks or in river protection

work, to prevent the side cutting of banks from breaching the levees,

made it advisable to have a large quantity ready in the Andrade

quarry, about 50 000 cu. yd. were blown out ready for handling by

steam shovels. This was done by "coyoting" or driving 3-ft. tunnels

horizontally about 30 ft. into the foot of the rock face, at intervals of

60 ft., and driving cross-tunnels at the ends, 10 ft. on each side.

These cross-tunnels were loaded with black powder, which was all ex

ploded at one time. All this rock has been taken away, and has left

the quarry with a practically vertical face, averaging 50 ft. in height

for a length of 1 000 ft., a very satisfactory condition. An American

Hoist Company's 10-ton steel derrick with a 60-ft. boom, erected to

handle this rock, proved very efficient and satisfactory. The railroad

north of Andrade was raised above flood heights, the quarry lines were

thrown over, and a track was laid on the top of the concrete head-

gate, stringers being laid on the cellular pier walls. This track was

connected with that on the levee, so that a train could be loaded at

the quarry and run over the concrete head-gate and down the levee

system, using the main line of h the Inter-California Eailroad only

for that portion lying on the Hind-Clarke Dam. In the fall of 1907

this railroad was reconstructed and repaired from Calexico to Cocopah,

and extended through to the end of the spur levee. The track from

this point to Hanlon's Junction was taken over by the Southern

Pacific Company, in accordance with arrangements made when the

branch line was built: For this, consisting of 6.1 miles of main line and

2.1 miles of siding, the Inter-California paid the C. D. Co. approxi

mately $65 000. When this was done the branch line was no longer

available for use by the irrigation Company, but the right to use

the east track or siding on the Hind-Clarke Dam was retained, and

the Inter-California was specifically released from any obligation to

maintain the dam. 1 ' •• '

It certainly is not often that a diversion head-gate carries a main

line, standard-gauge railroad, and the fact that this does will give
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some idea of its size. By thus utilizing it, the heaviest carloads of

rock from the Andrade quarry can be hauled over the levee system,

and be independent of the Inter-California tracks.

The Southern Pacific Not Reimbursed by the United States

Government.

Early in 1907, a bill* was introduced before Congress :

"To reimburse the Southern Pacific Company the amounts ex

pended by it from December first, nineteen hundred and six, to Novem

ber thirtieth, nineteen hundred and seven, in closing and controlling

the break in the Colorado River.

"Be it enacted by the Senate and House of Representatives of the

United States of America in Congress assembled, That the sum of

one million six hundred and sixty-three thousand one hundred and

thirty-six dollars and forty cents is hereby appropriated, out of any

money in the Treasury not otherwise appropriated, to reimburse and

pay the Southern Pacific Company the amounts paid by it from De

cember first, nineteen hundred and six, to November thirtieth, nine

teen hundred and seven, in closing and controlling the break in the

Colorado River and thereby saving the overflow and destruction of the

Imperial Valley in southern California."

This bill was referred to the Committee on Claims, of which Hon.

James M. Miller, of Kansas, was Chairman, and consideration was

begun on February 24th, 1908. At this hearing Mr. Maxwell Evarts,

Counsel of the Harriman Lines, Mr. P. G. Williams, of the Account

ing Department, who had been in charge of the accounts of the Epes

Randolph, Agent, fund, and the writer, appeared to make explana

tions and present for examination vouchers covering all items of ex

pense. President Roosevelt was frank and open in urging the justice

of the claim, but, of course, was not advised as to whether such amount

of money had been expended. Everyone else, however, seemed to be

very much afraid of the matter. The Committee on Claims desired

information as to the character of the work done and the fairness

of the charges therefor, and asked the Secretary of the Interior, James

R. Garfield, to have the Reclamation Service Engineers investigate

and make a report. The reply was that no funds were available for

that particular kind of work. Accordingly, President Roosevelt asked

Secretary Garfield, E. H. Newell, M. Am. Soc. C. E., Director of the

* H. R. 13 997, 60th C.ngress, 1st Sessi.n.
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Reclamation Service, and Mr. Walcott, formerly head of that Service,

to take up the matter and report on what the Government, as a matter

of moral and equitable obligation, should pay for the service ren

dered. President Roosevelt at the time, March 11th, in a letter to

the Chairman of the Committee on Claims, advised him that this

had been done; recalled the dire need for immediate action at the

time; stated that negotiations with Mexico were then under way for

future action in concert between the two nations ; that he did not

think the Southern Pacific people should be obliged to wait for the

conclusion of these negotiations between Mexico and the United

States with regard to future action, but that a rough estimate should

be made as to what the United States should pay as reimbursement

to the Southern Pacific Railroad, and that it was an act of justice

to deal generously in the matter, for the railroad, by its prompt and

effective work, rendered to a threatened community a notable service

which could in no other way have been done. To facilitate matters,

Mr. Evarts agreed with the Committee that Mr. Grunsky, who had

been Consulting Engineer of the Secretary of the Interior on all

Reclamation Service matters until a few months previous, and who,

of all Government engineers, knew most about the Lower Colorado

River and the operations of the Southern Pacific Company, should be

engaged by the Committee to report on the work done and the ex

penditures, and that Mr. Evarts would advance the expenses of such

investigation and report.

Mr. Grunsky, with the assistance of the American Audit Company,

of New York City, investigated the accounts, and reported on April

1st that the structures along the river were adequate and efficient,

and fulfilled their intended purposes; that additional protective work

would have to be done in the near future; that charges incurred prior

to December 7th, 1906, and subsequent to July 21st, 1907, were not

properly chargeable to work done as a result of correspondence be

tween the President and Mr. Harriman; that the quantities of ma

terial, such as rock, gravel, and earth, covered by the expenditures could

not then be ascertained by measurement of completed structures with

any degree of precision; that the records presented by the company

showing the quantity of rock, gravel, and clay put into the work

from day to day from January 27th to July 18th, 1907, during which

time practically all the work of closing the second break and com
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pleting the protection work was done, constituted a reasonable check

on the bills rendered, and that the number of carloads of material

handled prior to January 27th, 1907, was no doubt correctly reported;

that a fair basis for all charges, everything considered, would be cost

plus the usual 10% for superintendence, tools, etc.; that this basis had

been followed in the accounts, with the exception of the freight, which

had been billed at tariff rates and really should have been made

at 0.5 cent per ton per mile; that the accounts revised and corrected

according to the foregoing showed the total net expenditures to be

$1 083 673.97, exclusive of interest. .

TABLE 18.—Expenditures on the Colorado River Work

Subsequent to December 1st, 1906.

 

; i. — : T7-T r r——[7nj! ft] Tttl .• h ; - ~ :

Labor
raterials and supplies i ' Er.!
fuel TO s!",•i•°
Freight .harges on supplies and mate.ials. • ^S!)•*!
Freight fu.l oaas'S
T.anspo.taoon ■ "» SMS
"Work-train s.rvice ^ itw'l\
R.ntal of .quipment • 5H£J
Commissary supplies and labor H ££']£
Tra.kage h•• :gSMS
Constru.oon of addioonal lev..s (contract 1 «»
Offi.ers' and .l.rks' salari.s JSiJ!'™
Offi.e exp.nses t
T.aveling .xpens.s ' SmSS
Sundry exp.nses. . „\ SfiL•f!
Duo.s ... . 84 717.4a

Total.., 81 686 068.11

Mr. Grunsky's report was clean-cut and fair, the inclusion of

freight charges at tariff rates being done against the writer's advice.

The Committee on Claims, therefore, now had definite ideas as to

the work and cost. The report to President Roosevelt from Messrs.

Garfield, Newell, and Walcott (dated March 17th), and mentioned in

his letter of March 11th, as to the fair proportion to be repaid the rail

road, was forwarded to the Committee, and, after reviewing the situa

tion, including the exchange of telegrams between Mr. Harriman and

President Roosevelt on December 19th and 20th, 1906, states: " •

"Under the circumstances, we do not feel justified in attempting

even in a rough way to approximate the burden, other than to state

that the principal beneficiaries are six in number: (1) The settlers

in the Imperial Valley; (2) the Southern Pacific Co.; (3) the Cali

fornia Development Co.; (4) the Mexican Corporation; (5) the Re

public of Mexico, and (6) the United States. Not considering the

settlers in the: valley, we have five distinct entities among whom the



IRRIGATION AND RIVER CONTROL, COLORADO RIVER 1405

burden might be distributed more or less equally. Thus, a rough

estimate might apportion to the United States 20 per cent, of the money

expended to reimburse the Southern Pacific Company for the actual

expenditures of repairing the break in Mexico. Such proportion would

fully comply with your suggestion that the United States Government

should act generously toward the Southern Pacific Company, for by

prompt and effective work it rendered a notable service to the threat

ened community of settlers in the Imperial Valley, quite regardless of

the ultimate benefit of such action to the railroad company itself."

This recommendation has always seemed remarkable to the writer.

The land interests in the Imperial Valley on both sides of the Bound

ary Line represent fully two-thirds of the present property values which

had been threatened; the Southern Pacific Company about one-sixth;

the United States, . through its Laguna Weir, about one-sixth;

the C. D. Co. and the Mexican Co. nothing, because they were

both bankrupt, and the Republic of Mexico practically nothing

because its interests conserved were wholly prospective, as well as

those of the United States as far as irrigable land farther up the

river is concerned. Furthermore, it was known that $950 000 had already

been subscribed by the people and corporations in Imperial Valley

when the President called on Mr. Harriman to start work, as he did,

and at once stopped such subscription. It is obvious that the railroad

could at this time in no possible way collect anything from any other

source than the United States for such work, so that such payment, as

might be made by the United States will represent the grand total

reimbursement. Just why this Committee eliminated the land owners

and then considered the remaining five entities as being equally con

cerned has always . seemed remarkable, especially because, when two

years later another call for help from Imperial Valley came to Presi

dent Taft, Congress at once appropriated $1000 000 to protect the land

owners primarily and almost exclusively.

The Committee took no action in the matter until Congress ad

journed, and two years later, at the next session, another bill was pre

sented, this time in the Senate (Senate 417, Sixty-first Congress).

The matter was gone over again, and the bill with the amount cut to

$773 647.25, or 71.4% of that reported by Mr. Grunsky, passed the

Senate. The House Committee on Claims made a favorable report.

Five members of the Committee submitted a minority report on Jan

uary 28th, 1911, stating that they did not think there was any legal,
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equitable, or moral obligation on the part of the Government to pay

the railroad company any amount whatever for closing the break; that

expenditures were made neither at the request of the Government nor

for its benefit; and that the appropriation of such sum would be

"purely a gratuity, a gift of the people's money to the Southern

Pacific Railroad Company * * *.

"We oppose this proposed gift to the Southern Pacific Railroad Co.

as well as all other gratuities to private enterprise." ■ ■

The bill did not pass the House.

Damages Caused by the Runaway River.

The first damage caused by the diversion of the river was the

flooding of the salt beds and the gradual burying of the entire plant

of the New Liverpool Salt Company in the bed of the Salton Sea.

The property was probably worth about $125 000.

As the waters continued to rise, they began to threaten the main

line of the Southern Pacific Company throughout the basin, and in

July, 1905, they reached the rails for a considerable distance. Shoo-

flying was begun and continued from time to time, nothing very ag

gressive being attempted because of optimistic advices as to when the

river would be under control.

Shooflies Nos. 1 to 7, inclusive, were at an elevation of —250 ft. or

more. Shoofly No. 11 is 39 miles long, and follows the —200-ft. con

tour, being determined on when the probabilities of controlling the

river before the summer flood of 1906 seemed to be rapidly decreasing.

It was built in February and March, 1906, and was located with a

view to being safe from the rising waters for at least two years, the

estimates being based on the discharge records of the river at the

time of building. As a matter of fact, some sections of the track a

few feet below the —200-ft. contour were in trouble in the latter part

of October, the water then being 47.5 ft. higher than when the line

was surveyed. When the second break occurred, Shoofly No. 12, 48.9

miles long and following the —100-ft. contour, was hurriedly surveyed

and graded during January and February, 1907, the outside drainage

work being completed on April 1st. Track material for this had

been gathered at each end—Mecca and Imperial Junction—during

September and October, 1906, when Shoofly No. 11 was threatened.

Practically none 'bf ' the bridging was put in on this latter work, and
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when only about 4 miles of track were laid it seemed that the river

control work would prove effectual, and work was consequently ordered

stopped.

The railroad company also suffered damage along the branch line

between Imperial Junction and Calexico. At the crossing of the

Alamo River north of Brawley the track was moved five times, the

present alignment constituting a shoofly 2 706 ft. long, and introduc

ing 105° of curvature, as compared with 16° 40' originally. A few

miles south, the enlargement of the New River channel made it neces

sary to construct three shooflies, the last one being 9 086 ft. long and

containing 121° of curvature, as compared with 11° in the original

alignment.

The total expenses incurred along the Salton Sea, exclusive of

the cost of grading Shoofly No. 12, were as follows:

Y.ar. Lab.r. Material. T.tals.

1905 $148 183.71

1906 $181300.37 $307 763.58 489 063.95 » -

1907 49 875.96 37 678.08 87 554.04 ■...

$724 801.70

The damages sustained on the Imperial Branch were as follows:

Yea.. Lab.r. Material. T.tals.

1905 ........ $5 914.01

1906 $19 222.37 $9 986.53 29 208.90

1907 2 597.13 142.76 2 739.89

•:.t-:——— $37 862.80

The Inter-California Railroad, beginning at the International

Boundary Line, was damaged more or less seriously for about 10 miles,

the details being as follows:

Entirely rebuilding the road through

Calexico and Mexicali and beyond,

being cost less value of material re-

covered : ^ ;". $ 82 822.49

Repairs to remainder of first 10 km., in-. . - '.■-;,'■'.■•„.

eluding water supply. ».«/•>•• 4 259.76 , '• ■ /"J

Repairs from 10-km. point to 14-km.

point 21 163.73

$108 245.98
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Thus the damage sustained by the Southern Pacific on permanent

way alone, and not including interruptions to traffic, or expenses of any

kind incurred by delayed trains, etc., was $762 664.50, and by the Inter-

California $108 245.98, making a total of $870 910.48.

In addition to such damages, the trains of rock hauled during the

3 weeks of the first closing and more than 2 weeks of the second closing,

or more than 5 weeks in all, were given rights of way over all except

passenger trains, and the slower of these were very frequently delayed

in order to hurry material to the front. The demand on the equipment

of the road was tremendous, particularly during the second closing,

when there were in rock-train service, 1 000 flatcars, 300 "battleships," 4

steam shovels, 10 work trains, exclusive of rock trains from the quarries

other than at Andrade, etc. Indeed, for about 10 days, practically no

freight was hauled out of the Port of San Pedro because of lack of

equipment. The degree of the strain is shown by a telegram the writer

received from the Superintendent of the Los Angeles Division, just

before the second closing was accomplished, asking information as far

in advance as possible "when work will slow up because I want to make

arrangements to resume operating the division."

About 3 000 acres of cultivated land and 10 000 acres of unculti

vated and public lands were practically destroyed and rendered unavail

able for agricultural purposes under existing conditions, the total value

of which depends on whether the present or prospective worth is con

sidered. Perhaps a very fair figure would be $50 per acre for culti

vated land and $10 per acre for raw lands, making the total damage

to the land about $250 000.

Various individual settlers in Mexico and the United States suffered

more or less severe injury from inundation of crops, etc., as distinct

from land damages, and these probably amounted to not more than

$150 000. A number of claims for damages sustained on the American

side of the line were combined in a suit totaling $490 000, but this

included damaged lands estimated at prospective rather than real and

present figures. Judgment has just (October, 1912) been rendered for

a total of $78 000.

The most serious injury done to settlers was the entire stoppage of

the water supply in the canals of Districts Nos. 6 and 8 from the

summer of 1906 until January, 1907. No claim was ever presented for

these damages, and nothing more than crude guesses can be made as to
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the amount. The result practically forced the depopulation of more

than 30 000 acres of land, of which about 12 000 acres were under cul

tivation. The effect on the development of the valley at the time was

not very great, but fear of repetition of a break, as much as anything

else, has, until recently, retarded the region to a considerable extent.

Because of the tremendous expenditure involved in re-diverting

and holding the river in its course, up to December 5th, 1907, when the

Southern Pacific advanced funds for the work directly instead of to the

C. D. Co., the original $200 000 loan to the C. D. Co. had grown to

$1 100 000, and this was swelled by later bills, interest, etc., to approxi

mately $1375 000, by January 1st, 1909. In addition to owing this

large sum for cash actually advanced, and for which payment could not

be disputed successfully, a judgment for $458 246.23, in favor of the

New Liverpool Salt Company had been rendered in the United States

District Court toward the end of November, 1907, and there were

claims from the Southern Pacific Company and others aggregating

$1 360 000, two-thirds of which were from the latter company. The

runaway river rendered hopelessly bankrupt the C. D. Co. and the

Mexican Co.

Benefits.

To almost every cloud there is a silver lining, and this is no excep

tion. It is now known that the diversion would have occurred very soon.

The event showed the existence and nature of the danger and the ; ne

cessity for guarding against it. Much more important was the develop

ment and standardizing of methods of closing future crevasses which

might occur. Incidentally, the information of this character afforded to

the Engineering Profession in general will doubtless prove of much

value, though this cannot be considered as a benefit to the region in

question.

By far the greatest benefit was the erosion of the great Alamo and

New River barrancas and the creation of the main features of a com

plete and comprehensive drainage system for the entire Imperial

Valley. The natural slope of the ground is remarkably uniform, with

a grade of about 5 ft. per mile, and the very small, shallow channels

of the New and Alamo Rivers were the only rudiments of satisfactory

drainage, from an irrigation point, of view. The Salton Sink is the

natural drainage sump for the region, and its absolute control should

have been acquired in the very beginning, either by the irrigating
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company or by the land holders of the valley. In the litigation which

followed the destruction of the salt works, the New Liverpool Salt

Company, as owner of the submerged land, obtained a decree perpetu

ally enjoining and restraining the C. D. Co. from diverting water from

the Colorado River in excess of the substantial needs of the people de

pendent on the canal for water supply for domestic, irrigation, and

such other lawful purposes as the same may be applied to, and with a

further provision as to the control of the water diverted so that it will

not overflow on the lands of the complainant. Later proceedings re

sulted in a most remarkable construction of the last portion of the in

junction, so that now the Salt Company practically cannot object to

the use of the basin as a natural sump.

TABLE 19.—Analysis of Water of New River.

Sample taken at Brawley, June 6th, 1908, and submitted by Mr. F. W.

Roeding, Irrigation Investigations, Berkeley, Cal.

i

h

Potassium Sulphate v.ry small, and I
Sodium Sulphate (Glauber's salts), etc.) :
Sodium Chloride (commoD salt) ,

Sodium Carbonat. (sal soda)
Cal.ium Chlorid.
Magn.sium Chlorid.
Cal.ium and ragn.sium Carbonat.s, .t.., large I
Cal.ium Sulphat. (gypsum) .hi.fly L ,

Sili.a ,
Organi. matt.r .hars, I
and chemically combined water I

; i

 

Parts per
i ooo mo.

221

6 675
17

256
639

1 617

21

985

 

Total 10 431

Providing for the region an efficient drainage system to carry all

the waters into the Salton Sink would have required a large amount

of money—so large that the date of its establishment would have been

delayed very far into the future, much too far for the valley's real inter

ests. This is true because it is plainly not the business of an irrigation

company to supply a drainage system, and all other interests of the

valley are very much divided because of the mutual water company plan

of organization, and because of the usual lack of co-operation among

farmers. Furthermore, the need for drainage of irrigated land is

usually not recognized in time, and not admitted when it is recognized.
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Indeed, in spite of the rather alkaline character of the lands in

Imperial Valley, as already explained, it was not until November 1st,

1911, that any serious suggestion was made for a community drainage

canal—in Imperial Water Company No. 8—the reasons then chiefly

urged being:

"The loss of ground and bad appearances caused by the ends of the

irrigated lands being covered with weeds or wild grass or perhaps

nothing at all as the result of standing water."

A few spots in Imperial Valley are beginning to indicate an unde

sirable increase in alkalinity, and it is most fortunate that the magnifi

cent main drainage ways of the Alamo and New River channels exist.

Salton Sea.

From a geological and spectacular point of view, the creation of

the Salton Sea in so short a time was one of the most striking effects

of the river diversion. The water filled the basin to a maximum eleva

tion of —197.4 U. S. G. S. datum, or —204.2 S. P. datum, the maxi

mum depth of water being 76 ft. The total area covered at this time

was about 445 sq. miles, with a length of 50 miles and a width of from

10 to 15 miles. With the exception of the Great Salt Lake and Lake

Michigan, the sea was the largest body of water lying wholly within

the United States.

The water rose at the maximum rate during the latter part of

June, 1906, when it gained nearly 7 in. per day, or 15.4 ft. during

that month. From the reconnaissance map of the Salton Sink, pub

lished by the U. S. Geological Survey in 1905, it would appear that

the areas of the various contours of the basin are about as follows:

El.vati.ns. Square Miles.

—280.........: 0

—250 240

—200 445

—150 650

—100.. 920

— 50 1150

— 0 1750

+ 30 (old beach line).... 1950
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TABLE 20.—Analyses of Water from the Salton Sea

and the Colorado River at Various Seasons,

As made by Dr. W. H. Ross, of the Agricultural Experiment Station,

University of Arizona, Tucson, Ariz.
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Complete Analysis of Soluble Salts, Stated by Ions.

Parts in 100 000.

Sodium, Na
P.tassium, K
Calcium, Ca
Magnesium, Mg.
Aluminum, Al. . .
Iron, Fe
Chl.rine, CI
Sulphuric, S04. .
Carb.nic, C03. . .
Silicic. SiO3
Ph.sph.ric, P04

111.1 19.0 15.3 5.5 7.6 14.6 18.2 16.0
2.3 1.1 2.1 1.0 1.3 1.8 2.1 1.2
9.9 7.5 4.9 4.2 4.6 7.7 12.5 9.2
6.4 3.1 2.0 1.2 1.2 2.2 2.8 2.8
0.031
0.005

20i5 i3!s> i'.B '6.9 15.8 17'. 5 18'i169.7
47.6 26.1 19.4 7.2 7.6 19.7 35.6 23.8
6.6 7.4 8.4 7.2 7.7 10.0 12.2 10.7

1.2 4.8 2.1 2.1 3.3 2.3 2.2 2.1
0.018  

Practically all the water which enters Salton Sea comes from the

Alamo and New Rivers, which, under normal conditions, are now

important chiefly as drainage channels for the Imperial Valley. Fre

quently, however, very heavy precipitation occurs in violent storms over

small portions of the area draining into the basin, but the run-off,

though occasionally of considerable quantity, is not relatively im

portant. The total annual inflow is at present probably 200 000 acre-ft.,

or sufficient to cover the surface of the sea about 0.7 ft. in depth, while

the evaporation is probably between 54 and 6 ft. and the percolation

insignificant.
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TABLE 21.—Composition of Ocean Water.

(This table gives the mean of 77 analyses made by the Challenger Ex

pedition, Challenger Report, Physics and Chemistry, Vol. 1, 1884, p. 203.)

Stated by Ions. Parts per 100 000.

— h ,—t•L* , L>1 - , ; : i.. . .

Sodium (Na)
Potassium ( K ) . . .
Calcium (Ca)
ragn.sium (rg)
Sulphat. (SO,)..
Chloride (CI)

i (Br)

"SO,)

v
 

1 071
39
42
130
270

1 935
6
7

h
3 500

Quite a little speculation has been indulged in regarding the length

of time which would have been required to fill the Salton Sea had the

Colorado River not been re-diverted. Most of such computations are

based on too low an average flow of the river past Yuma, which it now
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seems is in excess of 12 000 000 acre-ft. per annum. As• a matter

of fact, however, the inflow from the Imperial Valley region will

constantly increase, and the quantity evaporated will decrease directly

with the decrease in water surface exposed, so that a balance will

be reached probably in such time as the inflow will average between

350 000 and 500 000 acre-ft. per annum from all sources, and the ex

posed surface will cover between 60 000 and 80 000 acres. At such

time the maximum depth of the sea will be between 8 and 10 ft.

The sea has already (January, 1912) fallen about 22. ft., and has

exposed approximately 115 sq. miles which were under water. The

salt beds were dissolved to such an extent as to render the water

of the sea quite salt, unfit entirely for drinking purposes, and it was

assumed that the land which it covered would be hopelessly alkaline.

This does not seem to be the case, and a very considerable acreage

of such exposed land is being cultivated with entire success.

Much speculation was indulged in regarding the effect of this

body of water on the rainfall and climate of the Southwest. A care

less consideration of the precipitation on the drainage area of the

river, particularly that of the Gila water-shed, before and after January,

1905, might lead to the conclusion that the effect is quite marked.

The period from January 1st, 1905, to date has been one of very

heavy rainfall throughout the Southwest, its most remarkable part

being early in January, 1905, which was before the formation of the

Salton Sea. Professor Alfred J. Henry* points out the fallacy of

such an opinion, as follows : ;

"Admitting, for the sake of argument, that a body of water

* * * existed * * * 60 miles long, 8 miles broad, and say

25 feet deep on the average. * * * The cubic contents would there

fore be 60 X 8 X 0.0047 = 2.2 cubic miles of water. The normal an

nual rainfall of Arizona * * * is 11.75 inches [while in 1905 it

was 26.6 inches], or an excess of 14.85 inches, an amount more than

equal to the normal annual rainfall. * * * As the area of the

Territory is 113,956 square miles, * * * the number of cubic

miles of rain that fell in Arizona in excess of the average was * * *

* * * twelve times greater than the total volume of the

Salton Sea. In other words, the total volume of the latter would

barely suffice to produce one-twelfth of the surplus rain that fell in

Arizona, to say nothing of the rainfall in adjoining regions. The total

* " The Salton Sea and the Rainfall of th. Southw.st," Monthly Weath.r Revi.w, Wash

ington, De.ember, 1906.
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amount of water now in Salton Sea, if uniformly distributed in

Arizona, would cover the Territory to the depth of about an inch and

a quarter, or the equivalent of one good soaking rain." -

As a matter of fact, the area of the Salton Sea and Laguna

Maquata combined are insignificant when compared with that of

the Gulf of California, and are just about as far from Arizona. Pro

fessor Henry concludes that the Salton Sea has increased the relative

humidity in the immediate vicinity in a slight measure; that it is

improbable that any considerable portion of the vapor it gives off

passes beyond the immediate confines of the desert; and that there

might be a tendency toward lower maximum and higher minimum

temperatures in a narrow zone immediately surrounding the sea, par

ticularly on the leeward side.

* •" ' • International Negotiations. •

When the Mexican Co. obtained its concession from the Mexican

Government, Col. Jacobo Blanco, then Chief of the International

Boundary Line Commission for the Mexican Government, with head

quarters at El Paso, was appointed Inspector of the Mexican Co. and

its operations. In 1906, Col. Blanco died, and his successor on the

International Boundary Line Commission was Seiior Fernando Beltran

y Puga, who was also appointed his successor as Inspector of the Mex

ican Co. The writer considers this appointment an exceedingly for

tunate one, as Seiior Beltran y Puga is an exceptionally efficient,

aggressive, and fair-minded man, and an engineer, with whom it

has always been a satisfaction to transact business. Immediately on

his appointment he acquainted himself with the conditions along the

river and with the affairs of the Mexican Co.; and has always acted

promptly and with decision. '.

In the spring of -1908 the United States State Department ap

pointed Mr. Louis C. Hill, Supervising Engineer of the U. S. Reclama

tion Service, to represent the United States on a joint commission

to work out the provisions of a treaty with Mexico for the control

of the Lower Colorado River and an equitable distribution of its

waters. This appointment was in line with President Roosevelt's

promise to Mr. Harriman, and was doubtless in a measure brought

about at this particular time by the failure of Congress to take any

action on the bill to reimburse the Harriman interests. At the re
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quest of the United States, the State Department of Mexico appointed

a Commissioner, and rather naturally selected Seflor Beltran y Puga

to represent the Mexican Government, this gentleman's appointment

being made on May 7th, 1908, and practically simultaneous with the

appointment of Mr. Hill. Both gentlemen were instructed to act to

gether and make a study of the works and operations necessary to

complete international control of the lower Colorado River and render

impossible a repetition of the recent disaster and the complete utiliza

tion of the waters of the river, such study to be in whatever detail

might be deemed necessary.

This Commission never had a formal meeting, which is very much

to be regretted, considering the importance of the matter. Very

shortly after their appointment, the , Commissioners had an informal

meeting at which, according to private conversations which the writer

had with both gentlemen, it appears that Sefior Puga submitted, in

the form of a written memorandum as the basis for discussion, the

suggestion that both Governments cancel the existing treaties regarding

the navigability of the river; that regulation of the flow of the river

by extensive storage works in the upper portions of the drainage basin

was desirable ; that both Governments determine the priority and

extent of existing water rights and fix rules for granting future water

rights; that a joint international commission should make all en

gineering and other investigations necessary, and divide the costs

thereof; that all plans or projects existing or proposed along the river

should be submitted to the investigation of the joint commission \ that

a report be made outlining, in a general way, the work to be done,

for the purpose of having a full and complete treaty arranged and the

necessary definite appropriations set forth ; and that it would be

agreeable for Mexico to negotiate a treaty, either preliminary or

final, at the earliest possible moment. It . seems, however, that Mr.

Hill could not find time to attend to the matter, nor were special

funds placed at his disposal to defray the necessary expenses. At

any rate, two years later, nothing having been done, on May 17th,

1910, the United States Department of State replaced Mr. Hill with

Mr. Wilbur Keblinger, Secretary of the American side of the Inter

national Boundary Commission, with offices in El Paso and Wash

ington. This change of American Commissioners, however, has not

had any apparent result thus far. ..
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It is hoped that discussion of this paper may bring out the explana

tion for the failure of these representatives of the two governments

even to have a formal meeting in the 4J years which have elapsed

since the Joint Commission was appointed at the request of the

State Department of the United States. Such explanation would

be particularly interesting, because the writer knows Mr. Hill to be

an unusually tactful, courteous, and aggressive gentleman, and an

efficient engineer, and understands that Mr. Keblinger is also an

unusually capable man.

In any event, there seems to be no doubt that the Mexican Gov

ernment has been, and is, not only willing, but anxious, to arrange

for a satisfactory joint control of the Lower Colorado River, and that

the responsibility for nothing definite having been accomplished in

this direction, in large measure at least, rests with the United States.

Building of Volcano Lake Levee. • ' , , •

The extraordinary quantity of water which got into Volcano Lake

during the summer flood of 1907 raised it higher than it had ever

before been known to be, and a large quantity of water passed north

ward through the New River outlet. Furthermore, a reconnaissance

showed that the large quantity of overflow water had started cutting

back fingers from the Volcano Lake region toward the river, which

indicated the probability of the diversion of the Colorado River below

the divide of the delta cone, along the Pescadero, Abejas, or Paredones.

Therefore it seemed that another portion of the complete levee system,

as originally planned by the writer to hold back the overflow waters

of the Colorado from the Salton Basin, should be constructed—that

portion from the mountains on the west side of the valley eastward

along the north of Volcano Lake to the low-lying divide or ridge

farther on. The C. M. Co., however, objected to this, as Volcano

Lake is entirely on its land and its utilization for irrigating a portion

of that company's lands was considered, but found impracticable be

cause of the great variation in the water surface, the inundation of a

part of the land, however, at flood times was simple, and permitted

securing considerable pasturage. The C. M. Co., however, was willing

to give the right of way and permit the construction of the protective

works provided a permanent head-gate were installed at Cerro Prieto

through which water might be let into the New River when the lake was
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his Board of Directors, resulted in commencing litigation to compel

Imperial Water Company No. 5 to pay up back water rentals. The

attorneys of the latter company, in their cross complaint, attacked the

validity of the mutual water company and water stock plan of a water

right. The suit was before the United States Circuit Court, and in

rendering the decision the judge expressed the opinion that the plan

was illegal, and, practically speaking, the C. D. Co. was a public service

corporation. This was but an opinion, because the State Courts of

California have to deeide this question finally, as it is a matter of the

Constitution and Statutes^of the State of California exclusively. The

effect of this opinion, however, was to make the Southern Pacific Com

pany feel that it would be unsafe to advance the large sums of money

needed to reconstruct and extend the system on the expectation of being

repaid ultimately through the sale of additional water stock to cover

the new territory which would be brought under the canal. This suit,

as much as any other factor, is responsible for the fact that practically

nothing has been done on the betterment and extension work outlined.

This litigation with No. 5, although begun in August, 1906, has not

yet reached a definite conclusion. " .

When Imperial Water Company No. 1 was organized, the capital

stock was placed at 100 000 shares, and the territory embraced within

its limits was 135 000 acres. Of the excess land, a large part was

found to be well worth reclamation, so that early in 1910 no No. 1 water

stock was available. Imperial Water Company No. 1 was unwilling to

increase the capital stock without obtaining from the C. D. Co. a con

tract increasing the quantity of water it would be entitled to demand

and so retain the basis of 4 acre-ft. per annum per share of stock. It

was impossible for the mutual water companies and the C. D. Co. to

agree as to the proper division of the "water right" receipts for

such 35 000 acres, so no relief was afforded to bona fide settlers who

had their land ready and had to have water or lose their filings

under the rulings of the U. S. Land Department. A trial suit was

instituted, known as Thayer vs. C. D. Co., which was decided in favor

of the plaintiff on March 17th, 1911, by Judge George H. Hutton,

of Los Angeles, sitting for Judge Cole in the Superior Court of

Imperial County. Judge Hutton in brief decided that the C. D. Co.

was a public service corporation; that the rate for supplying water

was 50 cents per acre-ft.; that the C. D. Co. was in a position
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to supply the plaintiff without detriment to the other water users;

and ordered that it do so. This decision has been appealed to the State

Supreme Court. If it is upheld, the mutual water company will not

be a necessary factor in obtaining water from the C. D. Co. This

decision has not affected the price of water stock in the valley very

materially, because the various mutual water companies own the dis

tribution systems, and the difficulties of getting water from the short

mileage of the C. D. Co. main canals through other sources than the

distribution systems of the mutual water companies are practically

prohibitive. The decision, of course, absolutely precludes extension

of the irrigated area any farther through such a water stock plan.

Seepage and Irrigation Losses.—•It is very unfortunate that a

clause in all the triparty contracts requires the actual seepage

and evaporation from each mutual water company's distribution

system to be reported after a period of 3 years, and that the per

centage allowance thus determined should thereafter be made, to

the end that the mutual water companies would pay for the

quantity of water which could actually be delivered to the indi

vidual settlers. All the mutual water companies joined and selected

an engineer, Mr. F. C. Scobey, to represent them in making seepage

and evaporation determinations, and did quite a little experimenting

and investigating. The engineers of the C. D. Co. also made numer

ous determinations under the direction of Mr. Herrmann, but for

various reasons no experimentation was done jointly. The amount of

work and expense involved greatly surprised the representatives of the

mutual water companies, and proposals of a compromise were made,

one thing helping to this being that such representatives agreed that it

would be distinctly unsatisfactory to have different percentages agreed

on for each of the mutual companies, as must obviously be the result.

The C. D. Co. was thrown into the hands of a receiver just as these

negotiations were reaching conclusion on the basis of 6% flat allow

ance. In the confusion following, the companies insisted on a 10%

allowance, and this is the present status.

The results obtained by Mr. Scobey have never been given out;

but the experiments by the engineers of the C. D. Co. showed a sur

prisingly small loss. It appears that the very fine silt deposited in the

distribution systems of the various mutual companies forms a prac

tically impervious coating on the sides and bottom, the measured
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loss in many cases , being as small as 0.25% per mile and increasing

to a maximum of 1% per mile. From the available experimental data,

computation of the losses from the distribution system of Imperial

Water Company No. 1, comprising nearly 375 miles of canals, gives

the total for seepage and evaporation throughout the year, under pres

ent operating conditions, as somewhat less than 1 per cent. The writer

has no knowledge of so small a loss by seepage being reported by any

authority heretofore.: i • •<"■ •:

The experience has been that the mutual water company plan of

organization to distribute water, obtaining it from a larger company

at wholesale, is highly satisfactory, and it is commended for careful

consideration by those who are contemplating irrigation work, if , the

local laws will permit. . . • .-, .1• ,'•[ ,-•

Canal Maintenance.—As far as the physical maintenance of the

canal system is concerned, it may be said that the average life of

the redwood structures, consisting of checks, drops, turn-outs, waste-

gates, etc., is about 5 years for the smaller structures and 8 or 10

years for the larger ones. It must be remembered that water is

used every day in the year, so that this experience has narrow appli

cation. The chief deterioration is caused by a sort of dry rot

beginning about 1 ft. below the surface of the ground and ex

tending down not more than 2J ft. It appears that deeper than

that, regardless of the quantity of water present, the heat does

not become great enough to cause trouble, and the upper layer

of earth is nearly always so dry that the wood is not attacked. In

the thin intermediate layer, which is both damp and hot, and perhaps

where enough oxygen is available, dry rot appears very rapidly, and

wood wet on one side and in contact with earth on the other has the

earth side damaged to a depth of from \ to % in., sometimes in 9 or 12

months. Redwood subjected to several kinds of treatment has been

tried, but with little success. Oregon pine, for that portion of struc

tures covered by earth in that region, rots very rapidly indeed.

The chief lesson taught by the maintenance of the canals—other

than that the cost is unusually large because of tule growths and silt—

is that inside berms must be avoided, and when possible all canals

except the sub-laterals should have a double or twin cross-section. In

the Imperial Valley the absolute minimum quantity of water is ap

proximately 25% of the absolute maximum—a very unusual condition
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of affairs. If the sections are identical, it is possible to use one canal

for a long time, and have it never less than one-half full, and conse

quently the velocity of the water is never low enough to deposit the

finer silt. This allows a sufficient time for cleaning one canal and

then the other every year. When the demand increases beyond the

capacity of one canal, both channels are more than half full. In this

region, therefore, it is possible with the twin section to control the

velocity between the excessive silt-depositing lower limit and the bank-

erosion upper limit with absolute certainty. The additional construc

tion expense of the canals for the twin section is much more than

justified by the very greatly reduced maintenance charges thereafter.

Duty of Water.—As a basis for estimating the quantity of water

required under the Yuma Project, investigations were made, under the

direction of the University of Arizona Experiment Station, to deter

mine the water required for various crops in the Yuma Valley. As a

result of this work, it was decided that for the average 40-acre unit,

5.8 acre-ft. per annum, measured at the delivery box at one corner of

the field, would be required. Such a figure is exceedingly interesting,

but was not obtained under the usual operating conditions. Indeed,

the satisfactory delivery of water has been made so recently and in

such relatively small quantities in the Yuma Valley as not to justify

any definite conclusions.

Water has been actually used in irrigation in Imperial Valley

for more than 10 years, and although there seems to be no reason why

the duty of water there should not be essentially the same as in the

Yuma Valley, the quantity used in the former is only about half as

much as indicated by the experimental work mentioned.

The crop census taken by the Zanjeros of Imperial Water Company

No. 1 for that district during 1911 is as follows: .

Alfalfa . .. . 44 262 acres

Barley . 28 897 "

Corn 12 034 "

Cotton 6 263 "

Melons ■ 2153 ".

Vineyards 1 352

Truck 1 092 "

Asparagus 192

Miscellaneous • 3 327 1

Total ..99 572 acres
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To supply this acreage, the company bought from the C. D. Co.

during the period 274 665 acre-ft. of water, or an average of almost

exactly 2f acre-ft. per acre under cultivation. This is net, after de

ducting the 10% seepage and evaporation allowance given by the C. D.

Co., as already explained. Of this net quantity, according to the

water company's report, 92.3% was delivered and charged to the stock

holders, making the average quantity of water used, measured at the

farmers' boxes, 2.538 acre-ft.

The quantity of water used in irrigation depends on so very many

different factors—quality of the land, nature of the crop, proper prep

aration and leveling of the land, and time of irrigation—that it is only

by such general figures covering large areas that much tangible in

formation for engineers is obtained. It must be remembered, however,

that the water supplied is charged for on a quantity basis, which

undoubtedly tends to minimize the quantity used, as well as the fact

that the farmers know they can have all the water they want at any

time they want it, every day in the year. On the other hand, water

users—stockholders—are charged their pro rata of maintenance and

operation expenses, regardless of whether or not they use any water,

and also for a minimum of 1 acre-ft. per share of stock. Additional

water is 50 cents per acre-ft.

The use of water is increasing in this district, and is in large

measure due to the increasing acreage in alfalfa and cotton. The

figures are:

1909 ...214 333 acre-ft., net.

. 1910 .......236 631 " " "

1911 274 665 " "

1912 (Estimated) 320 000 "

The figures for other districts are not available, but are probably

similar. i•

• Litigation.

The Salt Works Suit.—The New Liverpool Salt Company, whose

property was inundated and destroyed on March 8th, 1905, began suit

for damages to the extent of $180 000 for land and salt deposits and

$30 000 for plant, changing the figures to $325 000 and $75 000, respect

ively, when the destruction became complete. In July, 1906, a compro

mise was suggested on the basis of $50 000 cash, but the management of
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the C. D. Co. declined to consider it. On January 10th, 1908, the

case was decided, awarding the Salt Company $456 746.23 damages

and $1 500 costs, and a permanent injunction was issued restraining

the irrigation companies from diverting more water from the Colorado

than would supply the substantial needs of the people residing in the

valley. Later, the United States Supreme Court affirmed the decision.

Actions of the Southern Pacific Company.—When this adverse and

excessive judgment had been rendered, it was seen that the United

States Courts would hold the C. D. Co. liable for all damages caused

by the diversion of the river, regardless of the fact that it had occurred

in Mexico. All personal property and unsold water stock, therefore,

was turned over to the Southern Pacific Company at fair prices, and

future payments for water rentals were assigned to the Southern Pacific

Company until the moneys loaned by it should have been repaid. At

the same time, suit was brought in the United States Court for dam

ages sustained in America, and suit was filed in the Mexican Courts

for damages sustained in both Mexico and the United States, and

all real property in the respective countries was attached. The suits

in the United States are still pending. Judgment was rendered in

the Mexican Courts for $900 000, gold, against the Mexican Co., and

enough property of that company was ordered to be sold to satisfy

this judgment. Another Mexican corporation was formed by. the

Harriman interests, and permission to hold the concession of the orig

inal Mexican Co. was obtained from the Mexican authorities. At the

sale, held on January 28th, 1911, this new Mexican Company bid in

all the real and personal property of the Mexican Co., including the

concessions from the Mexican Government, for the sum of $325 000,

gold, which was less than 40% of the judgment. Thus nothing now

remains of the original Mexican Co. except the organization, with a

$575 000, gold, judgment against it, and additional suits aggregating

nearly $2 000 000 in the Mexican Courts, and absolutely no property.

The new Mexican Corporation, called the Lower California Land and

Water Company, Compania de Terrenos y Aguas de la Baja California,

Sociedad Anonima, owns practically all the parent irrigation company's

holdings in Imperial Valley having any value, but has not yet taken

possession. Shortly after the sale by Court decree, fraudulent dealing

was alleged, and on November 18th, 1911, it was advertised that the

Judge of the First Instance at Me^icali would hear any and all
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complaints in the matter. No one appeared, and it seems probable

that the validity of the sale must therefore be confirmed. In that

event, the new company will be free of any contracts with the mutual

water companies, the C. D. Co., or any one else, and is probably quite

beyond the reach of the Arnerican Courts. ' This, however, means little

to the water users living in either the United States or Mexico, as the

Mexican Government has issued rules and regulations by which water

must be sold under the Mexican concession, and these fix the price at 50

cents per acre-ft., and practically in no wise affect the conditions under

which American users now receive water.

The C. D. Co., in that event, would be a mere shell; it owns only 65

miles of main canals which produce no revenue whatever, cost no little

to maintain, and are hence liabilities instead of assets ; it also owns its

office, grounds, and buildings, all of which are under attachment, and

its liabilities exceed $2 000 000.

Appointment of Receiver.-—On December 16th, 1909, the Title In

surance and Trust Company, trustees for the bond issue of the C. D.

Co., applied to the Superior Court of Imperial County to declare the

C. D. Co. insolvent and appoint a Receiver, which application was

granted. The Southern Pacific Company has bought approximately

$325 000 worth of Receiver's certificates, which, together with the major

portion of the water rentals received from the mutual water companies,

has kept the property going. Application has been made to sell the

property, but this has been delayed as long as possible by the attorneys

representing the bondholders, the New Liverpool Salt Company, and the

old stockholders of the C. D. Co. In a few months, however, it seems

probable that this will be accomplished.

Formation of Imperial Irrigation District.—Because of the various

difficulties and the serious litigation, the people of Imperial Valley,

on July 14th, 1911, by a vote of 1 304 to 360, elected to form the Imperial

Irrigation District. According to the present law of California, this

district can condemn property, even of a public service corporation,

and all taxable property within the district is assessable for its needs.

It is authorized to incur a bond issue of 50% of the assessed valuation

of the property of the district, and the five directors are elected by all

voters in the district just as in the case of county and State officials.

The assessed valuation of Imperial County this year is $16 161 923; the

value of its products is $10 000 000.
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It is intended to acquire all the property of the C. D. Co. and the

main canals and works in Mexico, giving bonds of the Imperial Irriga

tion District in exchange therefor. It has not been decided definitely

whether the mutual water companies are to be retained, or whether

the district is to own and control the entire water system—probably

the former will be done.

The present law of California, under which this district was

formed, is extremely interesting to water supply and irrigation en

gineers. It is a considerably changed form of the Wright Irrigation

Act, under which, some 20 years ago, a number of irrigation districts

were created in California, all of which resulted disastrously. It is

believed that in its present form the law is a practicable one, and ex

perience with it will be awaited with much interest.

The Abejas Diversion.

The excessive overbank flow during the summer flood of 1907 started

cutting back fingers, as has already been stated. The flood of 1908

continued the work, and made it evident that the deep finger which

first would have its grade receded to and through the bank of the

Colorado, and thus again divert the entire river to the west, was

one of the feeders of the Abejas, and that such diversion would occur

about 20 miles below the International Boundary Line.

The situation was carefully watched, and the various interests

affected were fully advised of developments. The United States Gov

ernment had taken no tangible step to repay the moneys expended

in closing the second break and in subsequent levee protection work,

nor anything definite whatsoever with the Mexican Government look

ing toward a joint and satisfactory control of the situation. All in

terests, nevertheless, seemed to feel that the Southern Pacific Company

would advance funds to protect the valley when a critical stage should

be reached. The writer, in local charge of the situation for that com

pany, had become fully convinced that the truest and best interests

of all concerned would no longer be served by the railroad company

standing in the breach, and recommended doing absolutely nothing

further in protecting the valley than to maintain the existing levee

system. In almost everything there comes a time to decline longer

to carry the entire load. This recommendation was approved by the

higher officials. When the summer flood of 1909 had passed, the
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expected diversion was an accomplished fact, and as a result the entire

low-water flow f.llowed through the Abejas, spread out in a wide sheet

without any defined channels, gathered into Volcano Lake and Hardy's

Colorado and thence reached the Gulf.

The water in the river at the break dropped somewhat, and, as

the river fell to its low-water stage, the water surface for a given dis

charge was found to be unusually low. The reasons for this have

already been explained, but . were not then fully understood. The

demand for water in the valley increases greatly late in January, on

account of the barley crop, and a serious water shortage seemed very

probable.

Submerged Weir.—On urgent representations to the War De

partment, backed by the. recommendation of the Reclamation Service

engineers, permission was granted in March, 1910, to build a tempo

rary obstruction in the river opposite the concrete head-gate, in order

to raise the water a few feet and increase the flow in the canal. Work

was started, but the river began rising and rendered it temporarily

unnecessary. When the summer flood receded, in July, the situation

was again critical, due to the large requirements in the valley, and

work was resumed.

A trestle consisting of 4-pile piers, 15 ft. from center to center,

was driven across the river at an angle of about 70 degrees. On this a

railroad track was laid, and a little brush and considerable rock was

dumped therefrom. Of course, there was no difficulty in developing

a head of 2J ft. This weir or obstruction prevented any danger of

water shortage in the valley, but, not being square across the river, it

produced eddy currents, just below it on the Arizona side, which cut

away the bank to some extent and necessitated considerable expense

in bank protection work.

The permission of the Government was given for this construc

tion, on the understanding that it was to be temporary, and would be

removed before the next spring flood. In March, 1911, all the piling

was blown off, not pulled.

Late in 1910, arrangements were made to obtain the large suction

dredge, Imperial, and with it in service no further, immediate difficulty

in diverting sufficient water is anticipated. (See page 1283.)

A very important fact, however, was developed in the construction

and attempted removal of this weir, namely, that the small quantity
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of rock dumped from the trestles which was required to raise a head

of 2J ft. at low-water stages—about 10 000 sec-ft.—was not under

mined and did not settle except to a slight extent in a few places, with

the summer floods of 1911 and 1912. These floods were ordinarily large,

and, passing over it, had little effect in taking it away. This result

was surprising, even to the proponents of rock fill methods of building

weirs. The length of time it finally requires to eliminate all effects

of this weir from the river flow at that point should be kept track

of and reported to the Profession from time to time.

All Parties Frightened.—All the interests in jeopardy were now

thoroughly frightened. It was finally realized that the Southern

Pacific Company would no longer supply money for river control, and

that the diversion was not only an accepted fact, but that the pro

phesied lowering of the river at the concrete head-gate had taken place.

The fear had been that the bed of the river would be lowered at the

Abejas break approximately from 5 to 8 ft. and that this lowering

would rapidly run back up the river and have such an effect opposite

the concrete head-gate as to prevent diverting enough water to supply

the needs of the valley. This fear is now known to have been in

large measure unfounded, as the permanent lowering of the water

surface at the Abejas probably has not been more than 3 ft., and

opposite the concrete head-gate not more than 2 ft., if indeed that

much at either place.

Another fear was that the Colorado would now discharge directly

into Volcano Lake, and during severe flood periods raise this body

of water so high that it would flow northward and into the New River

channel, thus cutting back a connection, permitting the river again

to reach the Salton Sea, but by a course approximately 40 miles longer.

As the summer flood came on, the overflow covering the low lands

on each side of the Abejas, especially in the vicinity of Campo Lino,

was higher than any existing marks on trees, etc. To prevent this

water from getting over the low divide to the north and thence to the

Salton Basin, disconnected portions of the remaining gap in the levee

line were partly built, the C. D. Co. through its Receiver paying the

bills. While the work was in progress, the water, for long stretches,

came within a few inches of the top of the fill being thrown up, and

was held south of the divide only by strenuous efforts. Probably no
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very serious results would have followed in any event, although the

New River flume of the West Side Main might have been damaged.

The people of Imperial Valley were now thoroughly frightened, and

urgent applications were rushed to President Taft, in which the civic

and commercial bodies of California, especially Southern California,

and the State officials joined. These applications pointed out the

inability of American interests in jeopardy to handle a menace orig

inating in Mexico, and the injustice they suffered. '. •:

Congress Appropriates $1 000 000.

In response to these applications, President Taft sent a special

message to Congress, and on the eve of adjournment the two branches

of Congress joined in a resolution, approved June 25th, 1910, pro

viding::

"That the sum of $1 000 000, or so much thereof as shall be neces

sary, is hereby appropriated out of any money in the Treasury not

otherwise appropriated, to be expended by the President, for the pur

pose of protecting the lands and property in the Imperial Valley and

elsewhere along the Colorado River, within the limits of the United

States, and the President is authorized to expend any portion of such

money within the limit of the Republic of Mexico as he may deem

proper, in accordance with such agreements, for the purpose, as he may

make with the Republic of Mexico."

On June 8th, 1910, the acting Secretary of the Interior, Mr. Frank

Pierce, addressed to the President a communication based on informa

tion and recommendations furnished by Mr. Hill, Supervising En

gineer of the United States Reclamation Service, advising as follows :

"The ascertainment of what is necessary to be done for the purpose

of accomplishing permanent avoidance of these recurring menaces

to life and property on both sides of the International Boundary Line

will require a thorough examination of physical conditions which,

to be effective, should have the co-operation of both governments, and

will consume considerable time. In the meantime, unless prompt relief

is afforded, a water shortage, if not famine, is probable in the Imperial

Valley within the next two months,

"In a country where the heat reaches an intensity of 120° and

even higher, the great loss of property and the menace to both animal

and human life which may result, should such a catastrophe occur,

renders it imperative that prompt measures be taken toward averting

the same. To that end, I respectfully recommend that you designate
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an engineer having familiarity with problems involving river control

to proceed immediately with an examination for the purpose of de

termining whether such emergency exists, and if so, to take the steps

necessary to avoid the same."

On the recommendation of Gen. W. L. Marshall, Consulting Engi

neer to the Secretary of the Interior, John A. Ockerson, President,

Am. Soc. C. E., and for many years Member of the Mississippi River

Commission, was, on July 19th, 1910, appointed by President Taft.

He at once went to Yuma, arriving there on July 30th, by which

time Mr. F. L. Sellew, Engineer of the Yuma Project, on Mr. Ocker-

son's request, had made a survey covering the immediate vicinity of the

C. D. Co.'s intake, and had prepared a plat which showed clearly that

the bed of the river was above the bottom of the head-gates and that

the deficiency of water in the canal was due mainly to the silting up

of the intake above and the canal below the concrete head-gate.

There were two possibilities: one was to get dredging machinery

into place as rapidly as possible and dredge out the canal ; the other

was to raise the water in the river by a submerged dam, the latter

being temporarily h necessary because of the time required to build

dredges to do the necessary work. As explained, the weir was begun

in the latter part of July and completed within a month, and the

contract was not let for an efficient suction dredge until late in

December, the delays in starting the latter being in part due to dif

ficulty in arranging funds therefor, and in part due to a belief in some

quarters that, with the submerged weir in place, a dredge was

unnecessary.

Mr. Ockerson made an inspection of the Imperial Valley during

the latter part of August, and about the middle of that month put out

a surveying party which ran a stadia line along the Colorado River

from about 6 miles below the Boundary Line to the Abejas break;

thence down the dry bed of the Colorado for about 25 miles ; down

the Abejas River from the point of diversion about 5 miles; and made

several cross-sections of the Abejas for the purpose of selecting the

best site for a rock fill barrier dam—all of which required about 6

weeks.

On October 4th, Mr. Ockerson reported to the Secretary of the In

terior that the Imperial Valley would never be safe from the menace

of western diversions due to flood-waters until ample works were con
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structed to confine such flood-waters to narrow limits along the river

proper; that there had been no appreciable lowering of the "river bed

on account of the Abejas break; that in extreme cases diversions to

the west might depress the low-water plane opposite the concrete head-

gate and render it difficult to supply water to the Imperial Valley with

the present diverting works ; that the maintenance of levees consists not

only in keeping up the cross-section, freeing it from weeds, brush, and

burrowing animals, but also in holding in check the tendency of the

river to erode the banks and threaten to breach the levees; that a levee

located 3 000 ft. from the westerly bends of the stream would probably

remain intact for a long time; that if the C. D. Co. levee line had

been carried down along the river instead of where it was built in 1907,

it would have reached a point 6 miles below the Abejas break, and no

break would have occurred there; that completing the upper levee

would undoubtedly protect the Imperial Valley from floods for a

short time, but constituted only a partial solution of the prob

lem, and even that only temporarily; that, finally, the proper protec

tion of lands in the Imperial Valley required that the Colorado River

be restored to its former channel and an effective line of levees be

built from a point on the existing levee system about 6 miles below

the International Boundary Line and following along the west side of

the stream to a distance of about 3 000 ft. from the westerly bends

of the river, approximately 25 miles, where the flood height would be

at an elevation below the ground line in the vicinity of Volcano Lake

and any diversion of the water would not cause a tendency to flow

north.

It ' was estimated that such a levee would require about 1 300 000

cu. yd. of earthwork and 450 acres of clearing and grubbing; and it

was recommended that the top be 8 ft. wide, the slopes 3 to 1, and the

berm between the toe of the slope and the edge be 40 ft. wide, and

that borrow-pits be on the river side, with traverses 50 ft. wide at

intervals of 400 ft.

In commenting on the situation early in September, 1910, Gen.

Marshall recommended completing the northern line of levees, as origi

nally designed by the writer, to prevent the water from getting north,

and providing a suitable and practical intake for the canals of the

C. D. Co. He also suggested that, if the present intake (concrete

heading) be closed and the Imperial Canal be extended to the Laguna
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Weir, the matter would be solved, as far as American interests were

involved.

River Levee Plan Adopted.—A month later Mr. Ockerson went to

Washington for a conference, the result being that the work suggested

by him was ordered begun. On November 25th bids for the levee con

struction were opened in Yuma. According to the specifications, the

contractor was to assume all risks of interruption of the work by floods,

and as the season was by this time far advanced, the prices were deemed

too high and endeavors were made to get the work done on force account.

At about the same time it was discovered that the Mexican Gov

ernment—as would naturally be expected—could not consistently per

mit the United States Government, or any of its officials acting as

such, to perform work on Mexican soil. For six years, the need

for making satisfactory arrangements and agreements with the Mexi

can Government regarding the Colorado River and its control, and

proper and equitable division of its waters, had been fully understood,

but practically no progress had been made. That fact, however, makes

it even more surprising that requests on the part of the United States

should have been made to enter Mexican territory and do work therein.

The difficulty was very easily overcome, of course, by operating through

the medium of a Mexican corporation, as the Southern Pacific had

done, and the C. M. Co., which, as has been explained, is a very large

land company, was chosen. Consequently, nothing was done in the

name of the United States, but the engineer in charge acted under

power of attorney from the C. M. Co., there being a gentleman's agree

ment between the United States and the C. M. Co.

In this way, on December 12th, contracts were awarded for levee

construction, the first 9 miles, aggregating 425 000 cu. yd., at from

19 to 22J cents; the next 6 miles, aggregating 336 000 cu. yd., at 23

cents ; and the remainder, aggregating 325 000 cu. yd., at 36 cents.

These figures were afterward considerably increased, the total quantity

being 1 277 984 cu. yd., and the total cost, including $20 000 paid for

duties, $452 434. The work in the immediate vicinity of the Abejas

break and the small quantity of grading on 4 or 5 miles of temporary

track was done by the C. M. Co. on force account. President Lovett,

of the railroad company, offered to supply, essentially at cost, all the

organization, men, equipment, and supplies required fpr closing the

break and for doing any other work that might be deemed necessary.
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The Mexican Government had given assurances to the American

Minister that duties on stock, material, and supplies would be remitted,

which was considerably more than had been done when the railroad

had the work in charge. The Government officials, however, were not

satisfied with this, and thought that all material should be passed

free—a matter very much more difficult to arrange under Mexican

laws, as it would require Congressional action, and that country was

already in the throes of a revolution. However, after a delay of 2

weeks in getting stock across the line, it was decided to arrange for the

duties and depend on a refund later. The contractors began work

early in January. At about the same time one pile-driver was put

to work on a trestle across the Abejas, and by February 2d (river dis

charge, 11 000 sec-ft.) the temporary track was completed to and over

the trestle, and rock dumping began.

The method was that developed in closing the first and second

breaks, and used later in closing the gap in the Laguna Weir, one

trestle being deemed quite sufficient, as the maximum head was not

expected to exceed 7 or 8 ft. At the Andrade quarry there were approxi

mately 15 000 cu. yd. of rock ready to load with steam shovels, and

the quarry was well developed, having a face about 900 ft. long and

averaging 40 ft. high. Two 4-cu. yd. steam shovels were secured from

the Southern Pacific Company, and a 2J-cu. yd. shovel of the Recla

mation Service was brought down from the Laguna Weir. Work

trains, men, and "battleships" were obtained from the railroad, as

required, and rails and track material were furnished on a rental basis.

On February 7th, a sudden rise (maximum discharge, 23 000 sec-ft.)

caused a breach in the trestle ; this was closed 10 days later. On March

7th another small rise in the river carried away seven bents, and 6 days

later another rise (maximum discharge, 35 000 sec-ft.) brought down

a mass of drift and wrecked a considerable length of the bridge, caused

the loss of a pile-driver and one steel "battleship," and drowned one

man. On the 28th the pile-driving was resumed and the operations

were continued without further mishap until May 15th, when work on

the dam was shut down.

In making this closing, the rock fill was not kept at uniform height

for the entire length of the trestle, the overpour for some of the time

being confined to three places with a total length of from 260 to 275 ft.

It is probable that this explains in large measure the breaking of the
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trestles by floods and drift, after obtaining an effective rock mattress,

such as is provided by dumping two or three cuts of "battleships" all

along. In building the Clarke Dam, floods (maximum discharge,

32 000 sec-ft.), with heavy drift, threw the trestle out of line in only

one place after rock dumping began, and caused no other damage.

The number of cars unloaded in the Abejas closing work is given

in Table 22.

TABLE 22.

Peri.d. 'Battl.ships." Flats. Dealey. Dinky.

January 17-31 . .
February 1-10.

11-20
21-28

March 1-10
" 11-20....
" 21-31...

April 1-10
" 11-20 ....
" 21-30....

May 1-2

T.tals . . .

314
350
610
181
10S
207
747
781
581
41

43
40
70
3

a
",7

12

34

108
20

1996 43 182

The total quantities were: 139 860 cu. yd. of "battleship" rock,

193 cu. yd. of flatcar rock, 516 cu. yd. of Declez r.ck, and 1 092 cu. yd.

of quarry rock in dinky cars, a total of 143 400 cu. yd. up to May

2d. The total quantity of rock used to Hay 15th, when work closed

down, was about 180 000 cu. yd. The total cost of the dam is given

as $347 500.

About 140 000 cu. yd. of rock were used before the water was

practically shut off in making this closing. The reasons for requiring

such a large quantity probably are that relatively little flatcar rock

of large size was used, the fact that the rock fill was not carried along

at a uniform height for the entire length of the overpour, and the slow

rate at which the rock was unloaded. The first methods of quarrying

were not well adapted for giving the maximum output, consisting of

operations along the top of the rock mass by the edge of the quarry

face, but, later, horizontal tunnels were driven int. the quarry face at

intervals along the bottom and large charges of explosives were used,

after which the output was much increased.

The levee work went along very rapidly, the contractors fortunately

encountering no flood difficulties or delay, and on April 7th the last of

the grading outfit left the work.
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_ While operations were in progress, the Revolution in Mexico began,

and resulted in the abdication of President Diaz. On February 21st,

the Rev.lutionists captured Algodones, and took possession of a

work train for half a day. On April 16th a large body of Mexican

Federal troops arrived at the break and remained guarding the work

from interruption until May 10th.

'si 8

68 91 67 34 40 39 58- 56 66 94 58 .66

U fe« ,u ELEVATION OF QUARRY
u.«6 lb. E*nPo..- tired Mch. 29.

123

1911
 

G ~5 11 l'i ~ 4

PLAN OF QUARRY

CHAMBER BLASTS AT ANDRADE-FIRST SET

P.unds, Judson P.wder * P.unds,40# Giant 1

L..sened up 51 600 .u. yd. Swell, 10 000 cu. yd. Material br.ken small

Fio. 67.
 

3 4

PLAN OF QUARRY

CHAMBER BLASTS AT ANDRADE-SECOND SET

Pounds, Juds.n P.wder « P.unds,40# Giant 1

L.osened up 58 000 cu. yd. Swell, 13 000 cu. yd. Material broken small

Fib, 68. ■ •

Damage to the Work.—The 24.6 miles of levees Were constructed

in accordance with the recommendation, namely, with a top width

of 8 ft., side slopes of 3 to 1, borrow'-pits on the river side 400 ft.

long, with intervening uncleared traverses 50 ft. wide, a berm width of

40 ft., the entire ground covered by the levee and the berm cleared,

and roots and stumps grubbed, and a muck-ditch, of such depth as would
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reach, through the adobe soil under the construction, dug out and

filled with good material under the axis of the levees. Except for a

very few cases of logs and brush in the leyee section, and inefficient

muck-ditching reported to have been disclosed where the levees were

broken, the dikes were very well constructed in accordance with the

specifications. The levee was built to a grade of "5 ft. above the

high-water marks of the 1909 summer flood, chiefly for the purpose

of having excess material wherewith to remedy deterioration, rather

than through any fear of overtopping from floods." No railroad

track or gravel blanketing was put on the levees, because of the

belief "that it would be better to extend the levees as far as practical,

rather than dissipate available funds for mere convenience of

maintenance."

A low levee was built along the south side of the break, extend

ing from the dam a short distance up stream, to prevent water from

getting into the levee borrow-pits until the grading outfits had fin

ished work in the vicinity. As the water in the river was gradually

raised, partly by increased discharge (total, 19 000 sec-ft.) and partly

by increasing the height of the rock fill across the break, this low

levee was, on April 21st, overtopped and almost at once about

1 000 sec-ft. of water started down the borrow-pit clearing, about

2 000 sec-ft. going into the old Colorado River channel. When the water

hit the uncleared traverses it cut the berm and side-wiped the levee

at almost every traverse for several miles. Work on the rock fill

dam was stopped, and the men were set at work protecting the levee.

Later in the day this was stopped, and work on the dam was resumed.

The latter was facilitated materially by the waters breaking over into

the borrow-pits, the elevations of the water surface above and below

the dam being quickly changed from 79.6 and 71.6, respectively, to

78.6 and 71.0, the depth of overpour being reduced 1 ft. and the

head on the structure 0.4 ft. By dumping rock and filling the holes

where the confined overpour occurred, the situation there was soon

in hand, and 8 days later (April 29th) the elevation of the lowest

point of the dam was 80.6, or 1 ft. higher than the water surface up

stream, where the water broke into the borrow-pits, and the flow

over the structure was stopped.

By that date the levee to the south was cut entirely through in

several places in the first 6 miles, and it was evident that the water
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would soon merely detour around the dam and continue to follow

the Abejas channel below. The river discharge then was 21 900 sec-ft.,

and about 4 000 sec-ft. were going down the old channel, the remainder

running through the levee breaks and toward the west. On May

7th, the discharge of the river had increased to 32 800 sec-ft., of which

perhaps 9 000 sec-ft. were running down the old channel of the Colo

rado, and the water varied in height from 4.3 to 6 ft. below the

top of the levee in the 2 miles immediately north of the dam.

The rock fill was then up to the track all across, and the total

percolation through it was reduced to about 120 sec-ft. The eddy

currents below the dam, 9 days later, weakened the earth fill about

300 ft. from the north end of the dam, until the water broke through,

and in a few hours the entire discharge of the river (except a little

overbank flow) was going through it and down the Abejas. Soon the

earth fill on the south was cut through, and thus the rock fill dam

was made an island in the Abejas channel, which is the situation at

present.

The final injury on the levee work prior to the summer flood was

three breaks and several places side-wiped on the north levee, total

ing about 16 000 cu. yd., and thirteen breaks, varying from a few hun

dred feet to more than 2 miles in length, and much side-wiping in

the first 8 miles of the south levee, totaling about 200 000 cu. yd., or

about 50% of the original earthwork in this stretch. The fact that

such disaster was caused by so small a quantity of water reaching a

maximum depth of only 4 ft. on the levee shows clearly the ease with

which the material of the region is eroded.

The protective measures used were sand bags and brush placed to

check erosion and the dynamiting of the traverses which, with the

drift their vegetation caught, deflected the water to the levee section.

The latter procedure had the bad effect of converting the borrow-pits

into a continuous canal, but with severe eddy currents caused by the

remains of the traverses. These endeavors had little effect; indeed,

to hold long stretches of embankment against such action is practically

impossible.

Board of Review.

On June 1st, Mr. Fisher, Secretary of the Interior, called a Board

of Review consisting of Mr. Y. H. Newell, Director of the U. S. Re

clamation Service; Gen. W. L. Marshall, Consulting Engineer to the
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Secretary of the Interior; J. B. Lippincott, M. Am. Soc. C. E-, for

merly a Supervising Engineer of the U. S. Reclamation Service and

now an Assistant Engineer of the Los Angeles Aqueduct; Mr. C. E.

Grunsky; Mr. J. A. Ockerson, Engineer in charge of the work; and

Gen. Harrison Gray Otis, President of the C. M. Co., to report on the

work done under the appropriation. All the members of the Board

have examined the territory and understand the situation fully, al

though none of them except Mr. Ockerson has been on the ground since

the Abejas diversion occurred.

On June 7th this Board made a report based on information as to

the recent work done and results obtained, supplied by Mr. Ockerson.

and answering specific questions submitted by Secretary Fisher. The

full text of this report is as follows:

"1.—A breach in the west bank or levee of the Colorado River,

if made at or within a mile south of the California boundary, or

south of Mile 18, below Yuma Bridge, will result in water flowing

directly into the drainage areas of the Alamo and New Rivers and

thence into Salton Sea, which would be disastrous to property in the

United States.

"2.—A breach in the river bank at any point between Miles 18 and

55, below Yuma Bridge, will result in spreading water over the Delta

of the Colorado River, with a flow into New River via Volcano Lake,

menacing Imperial Valley.

"3.—(a) The best practical method for the protection of land and

property in the United States against a discharge directly into the

Imperial Canal and thence through Imperial Valley into Salton Sea,

is to protect and maintain the levees as at present located for a dis

tance of at least 10 miles south of the California boundary and to

hold the river by adequate bank revetment practically on its present

alignment, (b) This levee, if extended to a point opposite the south

boundary of Arizona, or about Mile 27, will also prevent a discharge

directly into the Paredones.

"4.— (a) As a remedial or precautionary work to prevent damage

which might result from a crevasse directly into the Imperial Canal

or Alamo River, we have considered a secondary levee west of the river

levees, across Imperial Canal, and large channels leading to the natural

depressions, or diverting works, conducting the water southwesterly

into channels leading into Volcano Lake, but it is believed that the

cost of any such secondary defence could be better expended in main

taining the main line of defence at the river, (b) As a necessary

defence against the northerly flow of any water reaching Volcan.

Lake, whatever be the treatment of the Lower Colorado River, there

should be an embankment well protected against wave wash on its
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south slope, constructed about on the line of the levees already built

extending from high ground north of Volcano Lake to a connection

with the levees already built by the California Development Company,

southwesterly, toward this region from the Colorado River. The top

of this embankment should at its western end be not less than 10 ft.

higher than the rim land at Volcano Lake. This embankment is an

essential requisite as a protection of Imperial Valley, against menace

from the south, and should be constructed without delay.

"5.—(a) The maintenance of the works constructed in 1906 and

1907, closing the breaks of the Colorado into the Alamo, and the main

tenance of these and of the river levees since constructed as far south

as the head of the Abejas are essential requirements. Suitable ar

rangements for their repair and maintenance should be made with

Mexico through the proper authorities. We do not consider the im

mediate closure of the break into the Abejas and the reconstruction

of the levees below the break as essential to the protection of property

in the United States. The ultimate treatment of this section of the

Colorado River in co-operation with Mexico may well be determined

by negotiations between the governments of the two countries. As

a feature of the permanent solution of the river problem it is desirable

that the Abejas break be closed, that the levee constructed in 1911 be

repaired and maintained, and the Colorado River restored to its for

mer course, (b) Provided the water of the Colorado is discharged into

the Gulf of California through the Abejas into the Pescadero and

Hardy Rivers, there is little probability of the cut back affecting the

Laguna Dam. Such cut back will not injuriously affect the heading

of the Imperial Canal or levees adjacent thereto, with a possible ex

ception of requiring the lowering of the intake of the Imperial Canal

a few feet. This is not a serious matter, and is one that should be

dealt with by the California Development Company itself when neces

sary. The diversion by the California Development Company should

be facilitated during low-water stages by dredging, or by lowering

the sill of its intake, rather than by placing obstructions in the chan

nel of the river below the intake.

"In view of the existing emergencies along the Colorado River,

arrangements should be made with the government of Mexico to pro

vide for the early creation of an International Colorado River Com

mission, embracing in its membership both American and Mexican

engineers, invested with large powers and ample authority to examine

into and to submit a basis for the adjustment of all questions relating

to the conservation, use, and control of the waters of the Colorado

River with a view to such governmental action as shall result in a

complete, just, and final settlement of all such matters at issue between

the two nations. We recommend that further work should be under

taken at once and in approximately the following order:



1448 IRRIGATION AND RIVER CONTROL, COLORADO RIVER

"(a) The levees north of Volcano Lake should be raised, strength

ened, and extended.

/ "(b) The existing levees along the west bank of the Colorado River

to the Abejas should be repaired and protected. For this purpose and

to meet emergencies, there should be immediately available the sum

of at least $1 000 000. This sum provides only for the temporary

maintenance of levees, and does not include the systematic revetment

of the river banks.

"The conference ventures to suggest certain international questions

which are involved and which will inevitably have to be met sooner or

later :

"(a) The matter of the permanent protection of existing works on

both sides of the international boundary line, the construction of fur

ther works, and the conditions under which the present and future

projects may be carried out on Mexican soil, with the consent and

co-operation of the government of Mexico for the benefit of both

countries, to the end that the greatest practicable quantity of water

of the Colorado River may be made available for irrigation by means

of storage reservoirs and otherwise, and the least possible quantity be

permitted to flow unused to the sea, and to what extent the cost of

such maintenance should be chargeable to properties benefited and t.

what extent chargeable to either government.

"(b) That permanent agreements with the government of Mexico

shall be entered into, having in view the just apportionment of the

waters between the two countries, irrigation to be paramount to navi

gation.

"(c) The method by which either nation may acquire rights of way

for canals, levees, and related works, each within the territory of the

other, and the authority to maintain such works.

"(d) The modification of the boundary line between the United

States and Mexico with a view to facilitating the solution of the entire

Colorado River problem. An authoritative, just and final determina

tion of this important question, now a matter of public discussion, will

have the effect of removing existing doubts in the public mind and

of settling the matter for the benefit of all concerned.

"The members of the conference desire to call attention to the fact

that the plan and execution of the work accomplished during 1911

followed well-established principles of good engineering. That so large

an amount was accomplished in such a brief space of time, under ad

verse circumstances, is worthy of the highest commendation. That the

restoration of the Colorado River to its former channel was not real

ized is chargeable to the delay in the negotiations, which prevented

prompt inauguration of the work and the prosecution during the low-

water season, and also to the disturbed political situation and strike

which demoralized labor conditions. The members of the conference,
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in addition to the conclusions above reached, present also a statement

of physical and related facts embodied in an abstract of the data avail

able, and found largely in the reports of J. A. Ockerson and of C. E.

Grunsky. Also in the printed hearings before a subcommittee of the

Senate Committee on Claims, referring to Senate 4170, January 21,

1909."

When President Taft received the report, he sent a special message

to Congress recommending the appropriation of another $1 000 000 to

continue the control work, but Congress failed to comply. It is desired

to call particular attention to the last part of this report containing

Suggestions a, b, c, and d regarding certain international questions

involved, which sooner or later must be met. These suggestions

contain the crux of the entire situation, and it is to be hoped that they

will be expeditiously followed out. It is perhaps desirable to call

attention to the wording of Suggestion d regarding modification of

the Boundary Line between the United States and Mexico, the sug

gestion being implied that the matter be taken up more with a view of

putting a quietus to the proposition, than with the idea of obtaining

any territory from the Mexican Government.

Surveys by the New Mexican Company.

As soon as the summer flood of 1911 began to recede, and the

extent of the damage sustained by the new work was ascertained, the

Harriman interests controlling the new Mexican Company deemed

it wise to ascertain how effective the line of levees north of Volcano

Lake would be in holding back the waters of a very large summer

flood. Accordingly, three surveying parties were put out early in

July under the immediate direction of Mr. Hind. The surveys were

carried down the river to The Colony and as far west as Volcano

Lake, much of the territory being covered quite thoroughly. The field

work was completed during the latter part of September, and the

data were assembled and mapped. Mr. Randolph analyzed these data

and compiled a report which was forwarded to Mr. R. S. Lovett, Chair

man of the Executive Board in New York City, recommending:

1st.—That the westerly portion of the Volcano Lake levee be raised

and extended so as to occupy a plane 6 ft. above the then present

crest; and

2d.—That an effective levee system, including a rock dam shutting

off the Abej as diversion, be constructed along the river to a distance
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of 16 miles below such dam; that the entire levee should be blanketed

with gravel ; and that a railway track be laid thereon in good condition

for further operation when necessary.

Mr. Lovett, on December 13th, 1911, made a formal offer to Presi

dent Taft, on behalf of the Southern Pacific Company, to return

the Colorado River to its original channel and to maintain the levees

necessary to keep it there for one year, providing the Southern

Pacific Company be repaid for the work done in 1906-07 at President

Roosevelt's request, in the sum of $1 083 673.97, being the amount

reported as proper under the circumstances by Mr. Grunsky in his

statement to the Committee on Claims during 1908; and provided,

further, that an additional appropriation of $1 500 000 be placed at the

disposal of the President of the United States with which to pay the

actual cost of the work to be done and the cost of maintaining it for

one year, the Southern Pacific Company to stand any excess of cost

over and above such an amount; that the transportation charges of

the Southern Pacific Company in connection with the work should

be in accordance with the arrangements in effect during the work

under Mr. Ockerson's direction; and providing, further, that should

the Southern Pacific Company fail to return the Colorado River to

its former channel and to retain the levee for one year thereafter,

then in that event the Southern Pacific Company should receive no

compensation or reimbursement for the work which it would do under

that offer.

This proposition was referred to Gen. Marshall, Consulting Engi

neer for the Department of the Interior, who, under date of January

5th, 1912, reported in substance that the work proposed should not be

done either by it or by any other agency on behalf of the United States

at this time, nor until the entire subject of improving the Colorado

River and utilizing its water should be investigated by an International

Committee representing both the United States and Mexico. The

following day, the Secretary of the Interior, W. L. Fisher, forwarded

Gen. Marshall's report to President Taft and approved of its con

clusions, stating that the suggestions constituted the most important

recommendation of the Advisory Board of June 7th, 1911, and adding:

"I consider it of great importance that negotiations should be im

mediately opened and vigorously conducted with a view of arriving

at a treaty with Mexico covering this subject."
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President Taft, in his message to Congress a few days later, placed

the whole matter before Congress without recommendation.*

Perhaps the most important information obtained by these surveys

is the fact that the average elevation of the bottom of Volcano Lake

is 28 ft. while the general average prior to 1907 was 17.8 ft. above

sea level. In other words, the bottom has been raised 10 ft. since the

Colorado began to flow directly into the lake, during which time it has

discharged into it approximately 30 000 000 acre-ft. of water. The streams

below, draining to the Gulf, are now normally clear, showing that most

of the silt content of the water reaching the lake is being dropped over

its bottom, together with some material eroded from the new channels

formed by the diverted river. On the other hand, very much suspended

material carried by the waters is let down before reaching the lake.

The conditions are extreme, yet they indicate the extreme silt de

terioration which may be expected in reservoirs on the Gila, Salt,

Verde, Colorado River below The Needles, and similar streams.

Improvement of Volcano Lake Levee and Repair of River Levee.

Contracts were let on January 4th, 1912, for raising the Volcano

Lake levee 3J ft. and widening the crown to 12 ft., 155 000 cu. yd.

at 25 cents; repairing the recently constructed levee along the river

north of the Abejas break, the contract calling for 15 000 cu. yd. at

22 cents; and paving with rock the south or water face of the Volcano

Lake levee, approximately 70 000 cu. yd., for $1.50 per cu. yd. This

rock was obtained from the mountain sides at or near Cerro Prieto.

The temporary railroad track from the C. D. Co. levee to the Abejas

break was taken up, and the track material returned to the Southern

Pacific Company.

Assistant Secretary of the Interior Thompson went to the City

of Mexico to make arrangements whereby the Government might do

this work in Mexico, but was unsuccessful. Until the United States

concludes arrangements for working in conjunction with the Mexican

Government, operations on Mexican soil will doubtless have to be

handled in a roundabout way, particularly as long as there is fear of

unfounded complaints that lawlessness interferes and delays the

progress of. such work as may be permitted. Mexico, however, author-

* S.e also Hous. Do.ument 204, 62d Congress. 2d Session.
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ized the foregoing work to be done by the C. M. Co. through the engi

neer assigned by the United States to do the work, and a gentleman's

agreement was reached between that company and the United States.

Conclusion.

Because of the various successful and unsuccessful work done in

the region, the engineering features of irrigation and river control

along the Lower Colorado are now understood, and engineering con

struction methods are thoroughly developed. The successful attempts

in closing breaks along the river with rock fill barrier dams according

to the method developed during the first and second closings have

standardized this class of work. The Southern Pacific Company can

easily, on very short notice, furnish all the equipment, men, and

organization needed to do all the various classes of work involved,

directly or indirectly, in controlling the river. The essential features

of successful levee construction there have been made very clear. The

maintenance and operation of the irrigation canals involve caring for

excessive quantities of silt, and sufficient data regarding the silt prob

lem in the Main Canal have not yet been obtained to decide on the

most economical method of diversion.

The Colorado River Delta now presents no unusual, unsolved en

gineering difficulties; its problems are chiefly matters of statecraft,

in both river control and irrigation. At the conclusion—in the near

future—of existing litigation in American Imperial Valley, irrigation

of the territory will be notably free from legal and managerial en

tanglements. This will be as soon as, and not until, reasonable treaty

provisions between the two nations are arranged. Such a treaty is in

dispensable for the proper handling of river control work. Fortunately,

both Governments profess not only willingness, but impatience, to ad

just the matter.
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DISCUSSION

L. J. Le Conte, M. Am. Soc. C. E. (by letter).—This interesting

paper furnishes valuable information relating to the troubles of the

irrigation engineer and the irrigators. A record of the memorable

struggles with flood-waters in the Colorado Delta in recent years will

always be a source of valuable information.

The rich fertilizing qualities of the silty waters of the Colorado

River are well known. The important point to keep in mind is the

fact that the rich and desirable sediment always comes down with

the first rising river waters, and the undesirable barren sandy silt

during high water and the falling river stages. It follows, therefore,

that the desirable silt is to be had largely from the rising river waters,

and that suitable management and wise control of the scouring sluices

and regulating gates at each end of the Laguna Weir are of the greatest

importance in the maintenance of the entire canal system. In order

to reduce silting troubles to a minimum, the mean velocity of flow

throughout the entire canal system should be as nearly uniform as

practicable.

For this purpose the formula given by Mr. R. G. Kennedy,* is

very useful, namely :

Velocity = 0.84 d°M,

hence, comparing one channel flow with another, we have practically

the ratio:

v : vl : : : ^/d,2

but, after all, the main feature to keep constantly in mind is that the

mean velocity varies as •y/ R S, and that S is the slope of the surface

of the water and not the slope of the bed of the canal. With the

best of management, however, there will always be some silting up,

but the silt ought to be largely of valuable character, and when dredged

and deposited on the bank adjoining the county roads the farmers

will eagerly cart it away for fertilizing purposes. The clean, barren,

sandy silts which are so undesirable, should not be allowed to enter the

head-works of the canal to any large extent. The cost of the Laguna

Weir, $434 per lin. ft., when compared with the cost of the Kistna

Anicut, in India, $104 per lin. ft., seems to be unreasonable, but such

comparisons are always odious, especially when all circumstances are not

known. The annual revenues from the Kistna system amount to

$1 500 000, and if the Laguna Weir system approximates this figure,

in the course of events, all will be satisfied.

The author's remarks about a "rating curve" are commendable.

No official record is so absolutely unreliable as the conventional rating

curve for any given gauging station. It is worse than no record

* Minutes of Proce.dings, Inst. O. E., Vol. CX1X, p. 281.
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whatever, inasmuch as it is a worthless official record which will have Mr.

to be officially disproved in Court before one can get authority to

proceed. Experience everywhere on sedimentary rivers shows that all

the cross-sections of a rising river are enormously increased in area

by the scouring out effect of the down-rushing flood-waters laden

only with lighter sediment. The heavy sandy sediments gradually

crawl down river much more slowly than the rushing flood-waters,

hence they do not show until the river begins to fall. It follows that

all the cross-sections of a falling river diminish rapidly in area and

return gradually to the usual low-water cross-section. These being the

facts on every flood, how is it possible for any sane man to get up a

rating curve which has any practical value whatever? This is par

ticularly true in the case of a gauging station on the main river just

above a large tributary stream.

When the tributary stream is in high flood, the water in the main

river is not only high, but the current is often running up stream,

which potent fact alone destroys completely the value of the rating

curve.

The author's proposed plan of building a wide rock fill dam, with

out any concrete cross-walls whatever, seems to be plausible, in view

of the valuable experience in closing the big breaks in the Colorado

River banks leading down to the Salton Sea.

These rock fill dams have now stood the ravages of severe floods for

the past 6 or 7 years, and are still intact and water-tight, for all practical

purposes. The main object of the concrete cross-walls in the Indian

dams is to shut -off leakage through the broken-stone fill and hold

the stones together. As the low-water flow of the Colorado River is

small (6 000 cu. ft. per sec), it becomes very important to hold

all the water possible. If a successful, wide, water-tight dam can be

made, as described, without them, all well and good. The writer is

of the opinion that it is well worth trying, from a financial point of

view, particularly at such a site as the Laguna Weir, where the slope

per mile is only 1.2 ft.

In India, the anicuts are generally built where the slope per mile

is 3.5 ft. and the river bed is pure sand of unlimited depth.

Morris Knowles, M. Am. Soo. C. E. (by letter).—This excellent KnM^j(

and exhaustive paper is a most fascinating story of the ever-changing

Colorado. The reader can almost picture himself on its banks, witness

ing the frequent breaks, overlooking the vast overflows, and taking part

in the repeated attempts at closure. The Engineering Profession can

indeed feel gratified that it has members who will patiently chronicle

events, analyze situations, and faithfully tell of failures.

Much is related of irrigation needs, local causes and effects of floods,

notable works built and projected for the former, the great emergency

construction to overcome the latter, and studies and plans for future
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protection and control. Little has been said, however, of the possibili-

' ties of prevention, of great works that might be built to hold back

the flood flows and let out at other times the increased quantities that

would make for greater irrigation possibilities, increased navigation

stages, if otherwise possible, more water for power, etc.

Within a short time, and brought to a focus by the work of the

Pittsburgh Flood Commission, the country has realized that we can

no longer be indifferent to the vast and universal country-wide problems

of regulating the flow of our streams. Without going into details

of the many correlated benefits to be obtained from storage of flood

flows, the devastations of the Ohio, Missouri, and Mississippi Valleys,

those of the Southern Appalachian regions, as well as those of the

Pacific Coast and great Colorado, so vividly portrayed in this paper,

have awakened people, all over this land, to the fact that here is

an important problem to solve, in which the factors have some relation,

wherever we go, and from the solving of which, much other good

will come.

That this is also true of the Colorado Basin is evident from the

author's remarks on pages 1206 and 1208 and from Table 2. It would

be of still further interest, therefore, to know whether the storage of

approximately 10 000 000 acre-ft. exhausts the possibilities on the

Upper Colorado, and what effect such impounding at several selected

points would have in decreasing the flood discharge and increasing the

low-water flow. It is possible that it would not apparently diminish

the interest and intensity of the problem of protection below Yuma,

on account of the peculiar local characteristics, yet it is probable that

the cost of such works would be less and safe results more certain.

If data are available to show the effects of such storage of flood

peaks, as is illustrated by the Pittsburgh report, it is hoped that the

author will present them in his closure. If not now obtained, per

haps this discussion may call attention to the need, and emphasize

the fact that here is another place and a further reason for the Nation,

by its Central Government, to take hold of its water problems as a

great national question, and to study, plan, and treat each group

of streams as a unit from source to mouth.

Francis L. Sellew, M. Am. Soc. C. E. (by letter).—Turning the

Colorado out of Salton Sea was not so much an engineering triumph

as & triumph of engineers, of red-blooded fighters, who did not know

when they were whipped, but realizing that the end justified the means,

fought on to victory .unmindful of its cost. All honor to them. The

writer will go to the limit in expressing appreciation of results attained

in the face of odds as great as any with which river engineers may

expect to be confronted; but when the closing of this crevasse, which,

from the nature of things, had to be accomplished by rough and ready
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methods, is heralded as a solution of all engineering problems pertain- rr.

ing to the Lower Colorado, the writer's protest is immediately entered.

Having been an innocent bystander while some of the work de

scribed was in progress, this paper has been read with much interest.

The record of the operations incident to the return of the river to its

former channel is extremely complete, although partly obscured by a

mass of legal and financial entanglements which properly have no place

in a purely engineering article.

Lack of time will confine the writer's discussion to an examination

of some of the more important points. The data submitted in regard

to the discharge of the stream and the degree of reservoir control pos

sible vary materially from the writer's ideas on these subjects. It is

also doubtful if the control attainable by reservoirs will greatly reduce

bank caving, which is the real problem along this river. Although what

follows is based on the best data in existence, it should be understood that,

before definite conclusions can be drawn, much more detailed and ex

tended examinations should be made.

Flood P.evention on the Lower Colorado.

It is apparent that if the flood discharge of the Colorado could be

reduced materially, thereby bringing the fluctuations between low and

high water within reasonable limits, the erosion of the bed and banks

would be much reduced. There might still be a limited amount of

bank protection required, but, if the control was such as to keep the

river within banks, the cost of protective works would be greatly

lessened. We have recently heard much about the control of streams

by storage works ; and, with reference to the Colorado, one advocate

claims that storage near the head-waters will reduce flood levels so

much that levees will be a thing of the past; that the flow of the stream

may be entirely devoted to irrigation, thereby putting water on 5 000 000

acres of land; and also that immense quantities of electrical energy

may be developed as the water is released from the places in which

it is impounded. As the question of stream control by storage reser

voirs has received much attention in most civilized portions of the

earth, the writer has made a somewhat extended examination of the

literature on that subject.

On page 406 of the "Report upon the Physics and Hydraulics of the

Mississippi River," by Humphreys and Abbot, the following appears,

in regard to the reservoir system:. ,. :

"The plan, in theory, is admirable, and has long been a subject of

discussion among European engineers. Artificial lakes for protection

against floods were constructed as early as 1711 upon the upper

Loire, and they have since been advocated, both for improving naviga

tion and for restraining floods, by eminent writers, * * *."



1458 DISCUSSION ON IRRIGATION AND RIVER CONTROL

From page 407 of the same publication:

"Little consideration is necessary to make it apparent that this

system is not applicable to restraining the floods of all rivers. Certain

topographical conditions are essential to its success. The valley must

be of such a character that dams of reasonable dimensions can be con

structed, which shall keep back the identical water which otherwise

would malee up the flood. It is not sufficient for this purpose, as for

improving navigation, that a large volume of water may be collected

by the accumulations of months. The floods of great rivers are tor

rents, caused by rapidly melting snows and by widely extended and

heavy rains. The greater part of this water does not drain from the

remote mountain sides, and issue from the distant mountain gorges.

It falls in the valley itself; and the nearer to the main river, the more

sudden and disastrous will be its effects; partly from the more rapid

accumulation in the main stream of the contributions of the tribu

taries, and partly from the absence of the natural reservoir furnished

by the various channels, which must be filled before a freshet originat

ing near the sources can reach the lower part of a river. To control

such floods with certainty and economy by artificial reservoirs, it is,

therefore, essential that certain important tributaries which drain

relatively large portions of the basin shall debouch near their mouths

from narrower gorges, where dams can be constructed at reasonable

cost, and where artificial lakes can be formed without injury to other

interests."

From page 408 :

"In order to give a more definite character to these conclusions,

they will be reduced to figures by aid of the data collected respecting

the great June flood of 1858, by which the merits of all these dif

ferent plans of protection are to be tested.

"To have protected 'the whole delta and the borders of every stream

in it, primary or tributary' against this flood, not more than 1 050 000

cubic feet per second could have been allowed to enter the head of the

alluvial region. Even this quantity would have submerged much

of the lower country, had not the tributaries below the Ohio been so

very low that their united contributions, joined to this amount, would

only have been sufficient to maintain the river at full banks. The con

ditions of this flood were then the most favorable possible for the

reservoir system.

"During the thirty-six days in 1858, from May 25 to June 29, in

clusive, the total amount of water passing the latitude of Columbus

exceeded by 648 172 800 000 cubic feet that which would have resulted

from a discharge per second of 1 050 000 cubic feet. Reservoirs situ

ated above the mouth of the Ohio, and sufficient to have kept back

in a single month fully 600 000 000 000 cubic feet of water [14 000 000

acre-ft.] would, therefore, have been essential to the security of the

delta, if this system had been depended upon for restraining this flood."

From a report on the examination of reservoir sites in Wyoming

and Colorado, by Hiram M. Chittenden, M. Am. Soc. C. E., Captain

(now General, Retired), Corps of Engineers, IT. S. A.:*

* Annual R.port, Chief of Engine.rs. U. S. Army, for 1898, App.ndix PP. p. 8845.
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"In no other portion of her works has nature left so much to be Mr.
done by the engineer to supplement her deficiencies as in the modifica- Sell.l

tion of the natural flow of her streams, for in no other respect are

her works so ill adapted to the uses of man. The ideal stream would

be one in which the flow should be uniform from one year's end to the

other, or, if not uniform, varying directly with the magnitude of the

uses to which it is put.

* * * * * * *

"It is not surprising, therefore, that one of the chief concerns of the

engineer is the amelioration or prevention of the evils of this un

fortunate arrangement of nature. Millions of dollars are annually

expended to make up for the deficiency of water in seasons of drought,

and like sums to prevent or alleviate the evils of excessive flow.

Singularly enough, the measures generally adopted are put forward

in disregard of one of the commonest rules of scientific practice. If

an evil condition of things is to be corrected, the rational meth.d of

procedure is to remove the cause. In all river engineering, however,

the measures adopted look only to the palliation of results, and leave

the cause untouched. River channels are dredged out in low

water and levees are built to protect from floods in high water.

Scarcely anywhere is the effort made to prevent the occurrence of

either high or low water. It would naturally follow that, if great

evils result from the variable flow of streams, the primary and funda

mental object of the engineer who is called upon to correct them would

be to make this flow uniform. Whether or not this object is possible

of realization (and if it is, by what means) is therefore one of the

first questions which should be settled in any comprehensive project for

the regulation of the flow of streams.

* * * * *

"* * * The only possible method by which uniformity of flow

can be secured must therefore be by storing the surplus waters in

seasons of flood and releasing them in seasons of drought.

"There is an additional motive for the use of reservoirs besides

that of securing uniformity of flow. Over a large portion of the land

area of the earth in civilized countries the climate of winter prevents

any considerable use of the streams. Even if the flow were entirely

uniform, that portion which takes place in the season of cold weather

would mostly be lost. To derive any benefit from it, it must be stored

and held over for the season of warm weather.

"These two purposes, viz., the attainment of uniformity of stream

flow and the transfer of the winter supply to the summer months cover

the entire argument for reservoir construction.

* * * * *

"At first thought it would seem that in storage reservoirs lies the

whole solution of the river problem. To store the surplus in flood

season and use it in season of drought ought apparently to strike

at the root of the whole difficulty, and to render unnecessary those

palliative measures which alone have hitherto received the sanction of

the hydraulic engineer. Why so obvious a remedy has never yet been

extensively applied will appear in the course of this report.
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"It is the cost, not the physical difficulties, which stands in the way.

It may be stated that as a general rule a sufficient amount of storage

can be artificially created in the valley of any stream to rob its floods

of their destructive character; but it is equally true that the benefits to

be gained will not ordinarily justify the cost.*

*****

"We now come to the specific question of reservoir construction

in the arid region west of the one hundredth meridian, as exemplified

by the reservoir sites examined in Wyoming and Colorado. Are there

direct and primary motives which would justify reservoir construc

tion in this country, apart from or in addition to those arising from

their effect upon the regimen of the lower rivers? The answer must

be that in no other part of the United States, nor anywhere else in the

world, are there such potent and conclusive reasons, of a public as

well as a private nature, for the construction of a comprehensive

reservoir system as in the region here in question.f

* *
" '

* * *

"* * * in many sections the natural flow has been used as far

as it is practicable to do so. The only resource left is to store that

portion of the flow that runs away in nonirrigation seasons and the

surplus in times of annual flood and sudden freshets and make these

also available for use. Not until that is done can a stream be said to

be really utilized to the fullest extent.

* * * * *

"While there are these clear and positive arguments in favor of

the storage of the surplus flow of our Western streams, there are none

of weight against it. It may be set down as a rule, to which there are

very few exceptions, that every artificial body of water created in the

West, by which the surplus water of its streams is held back, will be

a positive benefit.

* * * *
'

*

"The foregoing examination has led up to the following conclusions :

"First. A comprehensive reservoir system in the arid regions of

the United States is absolutely essential to the future welfare of this

portion of the national domain.

"Second. It is not possible to secure the best development of such

a system except through the agency of the General Government.^

* * * * *

"The total extent of a reservoir system in the arid regions which

shall rentier available the entire flow of the streams will not exceed

1161600 000 000 cubic feet [approximately 27 000 000 acre-ft.]. If

the construction of such a system were to consume a century in time,

it would represent an annual storage of about 11 600 000 000 cubic

feet, or 266 300 acre-feet. At $5.37 per acre-foot this would cost

$1 430 031 per annum. This amount, distributed among the seventeen

States and Territories of the arid region, gives an average annual

expenditure in each of $84 119. The annual value of the stored water

* Loc. ait., p. 2860.
+ Loc. .it., p. 2864. •

t Lo.. at., p. 2872.
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would return the original cost and maintenance in an average period Mr.

of three years."* Sell.w

In a paper on "Reservoir Systems and Their Relations to Flood

Protection,"! by C. 0. Sherrill, Captain, Corps of Engineers, U. S. A.,

presented at a special meeting of the Louisiana Engineering Society

on June 25th, 1912, the following appears:

"The most vital question of the moment for the people of the lower

Mississippi Valley is how best to secure protection from disastrous

floods, such as the one now passing, and in the proper solution of this

question the sympathy and assistance of the entire country should be

ready to aid. Every flood brings forth a multitude of plans, each

purporting to be the only one capable of providing the necessary cure,

and most of them are brought out as something entirely new, yet each

one will, on examination, be found to have been carefully considered

and thoroughly investigated years ago. One of these propositions,

renewed recently with great energy, has been to control these floods

by means of reservoirs located near the headwaters of the tributaries.

"In view of the fact that adequate reservoir systems for the con

trol of floods in all streams would strike directly at the seat of the

trouble, it seems remarkable that this method should not have been

used long ago instead of the merely defensive method of elevation of

overflow land or the erection of levees.
* * , * * *

"* * * The question, therefore, is, Can this stream flow be made

uniform; if so, how and at what cost? * * * I must answer that

a reasonable degree of uniformity of flow can be secured by adequate

systems of reservoirs properly located along streams where the topo

graphy is particularly adapted to such reservoirs; but as to the pos

sibility of such control for the Mississippi below Cairo, or of the

practicability of the scheme, if possible, it is hoped that the following

remarks will be of some assistance in determining."

This paper concludes:

"Taking the above brief summary of the facts into consideration,

I must conclude that the control of the Mississippi floods by reservoirs

is impracticable • of accomplishment and that the next best thing

must be relied upon, namely, the levee system with bank protection,

which should be completed as rapidly as possible."

The Pittsburgh Flood Commission, in a comprehensive and vol1

uminous report covering a recent investigation, concluded that the

maximum flood crests of the Ohio at Pittsburgh can be lowered

approximately 8 ft. by the storage of about 1 000 000 acre-ft. of

water, in seventeen reservoirs on the Allegheny and Monongahela,

at a total cost of about $20 000 0001

From the foregoing it appears that the desirability and practicabil

ity of reservoir construction depend on existing conditions in the

drainage area of the stream under discussion; therefore, each stream

* Lo.. .it., p. 2878.

t Jou.nal, Asso.iaoon ol Engin.ering So.ieo.s, Septemb.r, 1912.
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rr. should be subject to careful analysis before definite recommendations
w- can be made. As the Colorado receives almost its entire supply from

melting snows at the head-waters, it would appear to be an ideal

stream for reservoir control.

Existing Storage Works.—Before discussing the feasibility of reser

voir control on the Colorado, attention is called to Tables 23 to 27,

which show what has been accomplished by storage systems in various

countries, with their extent and approximate cost.

Table 23 contains data on ten projects of the Reclamation Service

having a total capacity of about 3 800 000 acre-ft., which have been

constructed at an average cost of $2.65 per acre-ft.

Table 24 shows other existing reservoirs in America with an aggre

gate storage of 2 383 500 acre-ft., built at a total cost of $2 629 800,

or an average of $1.10 per acre-ft. In this list the storage at the

head-waters of the Mississippi was by utilizing natural lakes, the out

lets of which were controlled by low, inexpensive dams, the average

cost being only 36 cents per acre-ft. If this system be excluded, it

appears that the remainder amounts to only 283 500 acre-ft., which

cost about $6.65 per acre-ft. In this table there are also five sites in

Wyoming and Colorado, suggested by Gen. Chittenden, aggregating

939 200 acre-ft., estimated to cost $2 709 500, or an average of about

$2.90 per acre-ft. This table also shows 70 415 acre-ft. of storage

in Europe and Australia, which have cost $74 per acre-ft.

Table 25 contains data on ten works in France, having a total

capacity 38 593 acre-ft. and costing $3 518 900, or about $91 per acre-ft.

This table also shows that 38 400 acre-ft. of storage in Austria has

cost $232 per acre-ft., while in Canada reservoirs containing 3 800 000

acre-ft. are being created on numerous lakes on the Ottawa River

at an estimated cost of 20 cents per acre-ft.; and further, that about

700 000 acre-ft. in South Africa have been built at an average cost of

$14 per acre-ft.

Table 26 gives a list of eleven projects in Germany, volume 488 111

acre-ft., cost $22 449 874, or $46 per acre-ft.; shows that Russia has

800 000 acre-ft. on the Volga (no records of cost) ; and that five systems

in India, aggregating 775 250 acre-ft., cost $6.77 per acre-ft. The

storage of about 1 900 000 acre-ft. at the Assuan Dam, in Egypt, has

cost about $10 per acre-ft.*

The completed storage (Canada being excluded as under construc

tion) is summed up in Table 27.

Although there are many storage dams for water supply and power

in various parts of the world, they are of such relatively low capacity

and high unit cost that they have no place in a discussion of this

kind. The foregoing data are not submitted as complete, but include

all the larger systems for river control, of which records are available

* Engine.ring R..ord, January 11th, 1913.
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to the writer; and it is believed that they cover the field quite Mr.

thoroughly.

It appears that the storage in the United States (which is about

50% greater than that of the rest of the world) as listed in these tables,

has cost on the average only one-ninth as much per unit of volume,

while the maximum cost, that of Austria, is about 116 times the

average in America. The low cost of the storage created by the

Reclamation Service, when compared with that of the rest of the

world, is shown in a most remarkable manner.

TABLE 27.—Summary of Completed Reservoirs.

Foreign.

Acr.-f..t. C.st.

1 900 000 $19 750 000
3 518 000
22 498 000
8 896 000

France ... 38 598
488 111
38 400

Germany
Austria
Russia—n. c.st r.c.rded

''m'250
699 696
70 415

"5'250'666

S.uth Africa
SSSS8S- -

■
4 010 465 $74 913 000

H 913 000
4 010 465 _ «18.70 per acr.-ft.

United States. P.. j„,..-,,>,.■■ , ,r. ...).■. ««• „■
"

Other systems 3S&1i(vjiM

3 799 300
2 383 500

$■2°K

....? . ., .■ji ,

in a-iA unn

6 182 800 $12 634 800

6 182 800 - -*».<» per .cre-tt.

Determining Factors.—The feasibility of controlling a stream by

storage will depend largely on :

(1) The cost, including the value of the area flooded, when com

pared with the benefits to be derived ;

(2) The quantity of storage required and whether sufficient vol

ume is available.

(3) The situation of such storage, whether it is placed so as to

control properly the water-producing zone of the drainage

area;

(4) The character of the water to be impounded, whether it is

clear or so charged with sediment that the silting will unduly

shorten the life of the works.
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These factors, as applied to the Colorado, will be considered in

the foregoing order.

The Cost.—From what has already been written, it appears that,

where storage exists in the arid regions, its cost is reasonable. As

sume that the cheapest sites have been taken up and that future storage

will cost twice as much as that already created by the Reclamation

Service ($2.65 per acre-ft.), and we have $5.30 per acre-ft. This is in

close agreement with Gen. Chittenden, who, as previously stated, esti

mated $5.35 for all storage needed in the Arid West. Of course, each

site must be carefully examined, and detailed estimates must be pre

pared, which will no doubt vary considerably from the foregoing, but,

from what has been stated, the figure given appears to be a fair

and reasonable one to use in this discussion.

Volume of Storage Required.—An intelligent discussion of this

phase of the matter would be greatly aided by continuous discharge

measurements on the Colorado River at various points, and extending

over a long period. Unfortunately, however, such measurements do

not exist. The most complete records are those made at Yuma since

November, 1902, by the Reclamation Service. These observations

include current-meter measurements three times each week. Previous

records of the flow at Yuma are based on such insufficient data—

being a few scattered meter measurements from which a rating-curve

was constructed—that tbey are of no value in this discussion. The

wide variation in the quantity flowing for the same gauge height, due

to the change in cross-section caused by scour, renders observations

without a meter measurement practically worthless.

Table 28 shows the total discharge of the Colorado (excluding the

Gila) by months, in acre-feet, the mean monthly discharge in second-

feet, and also the total discharge in acre-feet per year from 1903 to

1912,• inclusive. This table shows that the yearly discharge has varied

from a minimum of 9 800 000 acre-ft. in 1904, to a maximum of

25 300 000 acre-ft. in 1909. The total monthly discharge has varied

from a minimum of 182 500 acre-ft. in February, 1903, to a maximum

of 6 397 000 acre-ft. in June, 1912.

In considering the uses of the stream for irrigation, it is proper

to forecast as nearly as possible the lowest flow that is to be anticipated.

In doing this, the writer has compiled Table 29, showing what may

be called an "ideal minimum year", and also the monthly use of water

for irrigation at Yuma. This table has been constructed by selecting

from Table 28 the minimum January discharge, the minimum Febru

ary discharge, etc., for all months included in the latter table. This

gives a minimum year containing a total discharge of 8 315 500 acre-ft.,

and these discharges are shown in monthly totals on the diagram,

Fig. 70.
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The observations of 1909, although few in number, covered the

' period from May 26th to October 7th, and should give a fair average.

Those of 1910 extended from April 19th to December 31st. In 1911

they extended from January 11th to December 28th, and in 1912 from

January 4th to November 30th, the discharge being estimated to

December 31st. As shown in Table 30, the total quantity of sediment

passing Yuma during the last 4 years; when measured as submerged

mud, has exceeded 1 000 000 acre-ft. This proves conclusively that

reservoirs for the permanent control of this stream must be placed on

the head-waters where clear water exists.. ,, (. ;. ,. •, ; •

The author shows . in Table 2 an approximate storage of about

10 000 000 acre-ft., and although he qualifies the table by stating that

it is "theoretically possible" and would have to be reduced for "com

mercially feasible developments," the table is so at variance with

facts as to be misleading in its present form, and likely to lead unin

formed persons to erroneous conclusions. Storage on the Gila is out

of the question, as this stream carries more silt during its flowing

season than the Colorado. Little Colorado, Bill Williams Fork, and

San Juan must be eliminated for the same reason. The Kremmling

site is in the hands of interests foreign to irrigation or storage develop

ment. The only site of value contained in Tahle 2 is Browns Park on

the Green, which has a capacity of about 2 200 000 acre-ft., as pre

viously indicated. This analysis reduces the author's "theoretically

possible" 10150000 acre-ft. to 2 200 000; reservoirs which will silt up

:in a few years or are controlled so that they cannot be developed, are

not in the "possible" class. h•' r:

There are some statements which the writer cannot reconcile with

the facts as they have come under his notice. The area of the Yuma

Project is some 130 000 acres, instead of 90 000. Table 4, showing

mean monthly discharge from 1894 to 1911, is valueless, for the results

from 1894 to 1903 are based on erroneous data, as previously shown.

Rise of Bed. h

The data in regard to the rise of bed at Yuma are based on observa

tions made largely by the Reclamation Service, but are not considered

by the writer as sufficiently definite to justify the conclusions. Al

though the advance of the delta into the Gulf will tend to raise gauge

heights at points abovej certainly many more observations are neces

sary before definite relations can be established between the rise on

the Yuma gauge and the memory of a steamboat captain.

There is at least one other cause for variation in gauge height at

different points on the stream, which is entirely dissociated from any

advance into the Gulf. There are two points on the lower river in this

vicinity which may be regarded as definitely fixed. They are Laguna

Dam and the: conglomerate hills at Yuma between which the river
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passes. The floods of 1909 and 1912 carried substantially the same Mr.

quantities at their crests, 150 000 sec-ft., but the difference in . the

elevation of water surfaces between the Yuma gauge and Laguna Dam

was 4 ft. greater in 1912 than in 1909. The casual observer might

think that this indicated a rise in the bed of the stream. It is found,

however, that the slope per mile was substantially the same, being

1 ft. in 1909 and 1.04 ft. in 1912. The rise is not due to any silting

up of the channel, but is plainly caused by the meanders of the river.

The records show that the distance from Laguna Dam to Yuma has

varied as follows : •

In 1856 13 miles.

1895 : . U| "

1902......... 14 "

1909 V. . 13| "

1911 isj «

1912 17

Some of these various meanders are indicated on Plate LVI. The

river in 1912 between the points mentioned was 3£ miles longer than

in 1909, and this accounts for practically all the increased difference

of elevation in the water a.t the two points. The same phenomenon

is true on the lower river, and, assuming a given elevation at the

Mexican boundary, the increase in length of the stream due to meanders

will give an increased height on the Yuma gauge, whether the river is

advancing into the Gulf or not.

The authors description of the works of the Yuma Project and

remarks relative thereto, indicate unfamiliarity with the subject. A

very excellent account of the work at Laguna Dam may be obtained

from articles* by the Resident Engineer, Edwin D, Vincent, M. Am.

Soc. C. E. The Colorado Siphon has been described by the

writer,t These cover the main features of the work. Levees and

canals are so common, and those at Yuma present no unusual con

ditions, that description appears to be superfluous.;

The author's statement, that a rock fill such as was used for closing

the crevasses which he discusses could have been used in place of

Laguna Dam, is open to serious' doubt. What he built has been used

as a levee, which purpose it answers admirably. How it would act

as an overflow weir, carrying 150 000 sec-ft., even if covered with con

crete, is problematical. In addition to a concrete top, crest and foot-

walls appear to be necessary to prevent the top from being under

mined, and, if these are provided, the resulting structure will not differ

materially from Laguna Dam either in design or cost.

» Engineering N.ws, F.b.uary 27th. 1908, and June 10th, 1909.
t Engine.ring News, August 29th, 1912. • • ' ' • ••.'.•
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Levees.

The statement that the flood of December 7th, 1906, caused levee

failures on the Yuma Project due to the absence of muck-ditches, is

not correct. ' In October, 1906, the writer took charge of the Yuma

Project, and his first act was to order muck-ditches under all new

levees. The slight damage done here by the flood of December 7th, was

caused by burrowing animals and the overtopping of work which was

incomplete. '

Regarding the advantages and disadvantages of land-side and river

side borrow-pits, the writer has fully expressed himself,* so that it

is not necessary to comment further. Particularly is this so when the

author states that he "realized that this was not in accordance with

the usual . practice." Based on a personal examination made a few

hours after the break of December 5th, 1906, the writer hazards the

opinion that the damage caused by a head of 15 in. against the levee

was due primarily to the presence of land-side borrowrpits, although

small quantities of water came under the levee itself in many places

due to the absence of a muck-ditch and the improper grubbing of the

foundation. .

Regarding the loan of a. grading camp by the Reclamation Service,

which outfit the author declares did work at excessive cost, the follow

ing is submitted :

Immediately following the break, in December, 1906, the writer

discussed with Mr. Cory the feasibility of assembling a sufficient force

to construct levees required before the coming of the annual freshet.

At that time it was not known how much levee work would be done,

as the surveys were incomplete. Consequently, no contracts were let,

and the size of the outfit which could be immediately available was

not known. Because of various : interests at stake, the writer sug

gested that, to assist in overcoming the difficulty, one camp of Gov

ernment stock then operating on the Arizona levees be transferred f.r

the use of the California. Development Company. Mr. Cory welcomed

this suggestion; authority was secured from the Department; and the

camp was immediately transferred. It was supposed when the transfer

was made that the camp was to work for the California Development

Company and not for a contractor. However, shortly after the move

was made, the superintendent of the camp informed the writer that

he was working under the direction of a contractor, and it was next

to impossible for him to obtain the proper supplies to keep his camp

up to efficiency. A visit to the camp showed the facts to be substan

tially as stated, and a personal appeal was made to Mr. Cory to remedy

the matter. This was remedied, . in . a measure, but conditions con

tinued to be such that, as soon as it was evident that the camp was

* Engin..ring N.ws, February 15th and Ap.il 11th, 1912.
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not necessary to secure the completion of the levees in advance of the

annual flood, the men and equipment were brought back to the United

States.

The camp that was loaned the C. D. Co. had been at work for

considerable time prior, for the Reclamation Service, and continued

to be thus employed for several years thereafter. It was one of the

most efficient camps which the Service has had on levee construction.

There have been completed on the Yuma Project about 50 miles of

levee, aggregating more than 2 600 000 cu. yd. of excavation, the ac

complishment of which compares most favorably in every way with

any levee work which has come under the writer's notice. Criticism of

Government work seems to be a general pastime of people who are not

responsible for it, and certainly if a contractor desired to place a

Government camp in an unfavorable light, Mr. Cory granted him a

most excellent opportunity to do so. •h .' ...

Tinder the head of "Criticism of Levee Work Done" the author

shows that after a Consulting Board from, the Reclamation Service

had advised on the methods of levee construction, their recommenda

tions were ignored and a second Board was necessary before the recom

mendation as to the location of borrow-pits was complied with. The

author states that the use of the checker-board system of borrow-pits

increased the cost of the work about 6f cents per cu. yd. Experience

on the Yuma Project has shown that an increase of 2 cents per cu. yd.

is ample to cover this kind of borrow-pit, and the writer believes

that the protection thus afforded fully justifies the additional expense.

International Negotiations. . •

International agreements are necessary to a comprehensive plan for

the control of the Lower Colorado. Such agreements must be preceded

by diplomatic action, and while such negotiations may be in progress,

discussion of this phase of the matter appears to be inopportune.

The Abejas Diversion.

The author is correct in the statement that this diversion has had

little effect on river levels at the entrance of the Imperial Canal. The

observations show that it has had no effect whatever. The writer has

little first-hand knowledge of the work at the Abejas, carried out under

the direction of John A. Ockerson, Past-President, Am. Soc. C. E.,

so does not feel qualified to discuss it. He wishes to state, however,

that the delay in starting the work, due to causes over which Mr.

Ockerson had no control, which exposed the operations to the menace

of the flashy winter floods, had much to do with the progress. It is

believed that the. Ockerson plan to levee the river to the range of tidal

influence is the correct one; until this is done and the levees are made
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Mr. secure against the attack of the current, the Lower Colorado cannot

' be regarded as under control.

The Real Problem.

The author concludes:

"Because of the various successful and unsuccessful work done in

the region, the engineering features of irrigation and river control

along the Lower Colorado are now understood, and engineering con

struction methods are thoroughly developed.

/.:..* * * * * *

"The Colorado River Delta now presents no unusual, unsolved en

gineering difficulties; its problems are chiefly matters of statecraft, in

both river control and irrigation."

After more than 6 years of service, during which time about 45

miles of the lower river has been in his charge, the writer wishes to

state that, in his judgment, the real problem of this river is not

generally understood. This problem, for the solution of which the

author offers no aid, is bank protection. Construction methods for its

accomplishment are not developed, and it cannot be attained by state

craft, however high the talent engaged. Relief from this menace

will come only from hard work and a liberal expenditure of money on

the immediate banks. When levees are undermined while the stream

is below bank-full stage, it is clear that many years must elapse be

fore a river of this magnitude will be controlled by reservoirs in such

a way that caving banks will be eliminated. A plan by which these

banks may be made stable will now be outlined, but, before proceeding

with it, a short sketch of the flood of 1912 may be of interest.

Lower Colorado Flood of 1912.

The annual freshet of 1912 first made its appearance on the Yuma

gauge on March 12th, the reading then being 117.8 ft. and the dis

charge 12 800 sec-ft. It continued to rise until June 22d, when the

gauge was 129.1 and the discharge was nearly 150 000 sec-ft. During

this rise the erosive action of the current was causing radical changes

in the bed and banks of the stream, as may be seen by Fig. 72, showing

conditions at the gauging station. It is there seen that at low water

the width of the river was 420 ft., its average depth about 3J ft.,

maximum depth 8 ft., and the area of the flowing prism 1 420 sq. ft.

At the crest these dimensions had become, width 600 ft., average depth

35 ft., maximum depth 53 ft., area 20 740 sq. ft., the discharge having

increased 43 times and the area about 15 times. This increase in area,

of 19 320 sq. ft., is made up of 7 440 sq. ft. caused by the rise on the

gauge and 11 880 sq. ft. (60%) which was the increase in section due

to scour. These modifications in cross-section were probably maximum

at the gauging station, where the width of the stream is restricted; but
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similar changes, although less in magnitude, are characteristic of the Mr.
, . Sell.w.
lower river.

During the rise, extensive meanderings were in progress at various

points, the first attack which required defense being between 10J and

12 miles below Yuma, on the Arizona side, where the levee had been

cut out by the river in 1909. During 1909 and 1910 efforts were

made to hold this portion of the bank with fascines and other light

brush protections, but such work was soon carried out, and resort was

then had to permeable dikes of piles and brush. About seventeen

permeable dikes have been built, beginning in May, 1911. Some of

these dikes are shown on Figs. 73 and 74. At this point the Steamer

Searchlight, with a pile-driver barge, worked throughout the flood

of 1912, building dikes and defending the bank between them with

VARIOUS CROSS-SECTIONS OF COLORADO RIVER . '. '.
AT YUMA, ARIZONA, DURING 1912. ■ ' ''

 

Fig. 72.. . .

fascines. A temporary levee also was thrown up when the river threat

ened overflow. The efforts here were successful, the dikes holding well

and preventing further recession .f the bank line, and the tempo

rary levee removed all danger from overflow.

The first attack on the Reservation levee was at the point, G, on

Plate LVI. At the beginning of the rise, the bank at this point was

some 800 ft. from the levee, but on June 15th bank caving set in, and

.n June 17th, when the river was within 150 ft., defensive operations

were commenced. As all our floating plant was engaged below Yuma,

the fight here had to be made from the shore. When the stream went

overbank the bottoms were flooded to within 150 ft. of the levee, making

defensive operations impractical until the caving reached this point.

Fascine mats weighted with sand sacks were hung over the face of
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the bank, but, as the water was more than 30 ft. deep, such defenses

would not reach the bottom, and, although our work delayed the ad

vance of the stream, it was slowly undermined, demonstrating that a

strong revetment would be necessary to hold the river in check. Con

ditions along the front at this point are shown on Fig. 75. Fortu

nately, the Reservation levee furnishes the location for the Potholes

Branch of the Southern Pacific Railroad, therefore, rock, which was

the only material that would save the day, could be delivered at the

site of the works and dumped directly into place. Rocks weighing from 1

to 6 tons were ordered from the Declez granite quarries some 200 miles

west of Yuma on the main line of the Southern Pacific. The railroad ex

pedited the shipment, and within 36 hours after the order was placed the

first train load, consisting of fifteen cars, was being thrown into the

river. At this time the river had cut to the toe of the levee slope,

the water there being 32 ft. in depth, therefore the rocks as rolled from

the cars could be directed to the point where they would accomplish

the most good. Considerable brush and thousands of sand sacks were

mixed with the rock, also a limited quantity of spoil which was avail

able from the quarries at Laguna Dam. As the flood came up to crest,

the attack extended for a length of about 900 ft. Several bad sand

boils appeared at the inner toe. Fig. 76 shows one of these boils

"hooped" with sand sacks. This menance became so serious in some

instances that at one time the destruction of the levee appeared to be

only a matter of a few hours, and arrangements were made to con

fine the overflow in case the levee went out. About 500 ft. to the rear

of, and parallel to, the levee is one of the canals of the Reservation dis

tribution system. The outer bank of this channel was hastily con

nected with the levee above and below the threatened portion by sand

bag dams (Figs. 77 and 78), the canal bank between these dams

being raised to about 1 ft. above the river level. Sand bags were neces

sary as the ground, because of the seepage, was under several inches of

water, and stock could not be worked upon it. These dams and the

canal bank would have confined the overflow to this area had the

levee gone out. It was also intended to flood this enclosed area to a

depth of 2 ft. or more to check the sand boils, water for this pur

pose being supplied from the canals, but the boils were checked by

a liberal use of sacks along the front before such action was necessary.

Figs. 79 and 80 show the character of the rock used for protection,

and Fig. 81 is a view of the Steamer Searchlight engaged in dragging

the larger rock from the cars with her steam capstan, the boat having

been temporarily transferred for this purpose from the work below.

The flood crested at about 1 a. m. on June 23d, and then fell

rapidly. By June 25th there was no further danger of overflow, but

dumping the spoil, in order to blanket the outer slope and reinforce

the levee, continued until August 18th.



Fig. 73.—P..meabl. Dikes.

 

Fig. 75.—Conditions Along th. F.ont.
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While this attack was in progress, another was initiated by the

river at the point, A, on Plate LVI. Here the caving banks came to

the levee toe with a water depth of 30 ft., and the defense was prac

tically a repetition of the one just described.

On June 25th, the river having fallen below the overflow line,

shipments of Declez rock were stopped; a steam shovel was placed in

commission at Laguna Dam, and a work train and crew were obtained

from the Southern Pacific Company, which, with assistance from our

dinky engines, continued to dump rock and spoil at the points, A and

C, until August 18th, when 18 000 cu. yd., including 1 300 cu. yd. of

Declez rock, had been placed. On this date the threatened levees were

safe from further attack, and the work was stopped. At the present

tirne the river lies against the rock slope of the levee at A for 1 500 ft.

' and at C for 1 000 ft. Should these conditions remain until the next

flood, further rock revetment will probably be necessary immediately

above and below each of these points, therefore steam shovels, cars,

and engines are being placed in condition to do this work if required.

While the attack on the Reservation levees was going on, rapid

bank caving was also in progress on the Arizona side below Yuma.

The work at the 12-mile post has already been briefly described. At

the 16-mile post the river was 600 ft. from the levee on May 25th.

Oh June 1st it had moved out to 1 300 ft. On June 10th it had re

turned to within 500 ft., on June 20th about 300 ft., and on June 25th

it cut through the levee. When the caving had approached within

300 ft. of the levee, provisions were made to protect the work. There

was no floating plant available for this protection, and, had there been,

no effective use of it would have been possible, as the depth of water

and velocity of the current made the construction of spur dikes im

practicable. As there was no railroad on the levee, rock could not be

obtained, as the roads to the nearest quarry, 12 miles away, were im

passable for heavy loads. The only defense that could be offered was to

protect the bank by fascine mats, there being plenty of suitable willow

brush near at hand. The force employed, consisting mainly of Cocopah

Indians, was rather indifferent labor, but by diligent efforts the rate

of caving was delayed so much that, when it reached the levee on

June 25th, the river had fallen below the natural bank level and no

overflow occurred. '.' ' * •' '\

' Shortly after the cutting out of the levee the river swung away for

several hundred feet, and later came back for a portion of this dis

tance, the present position of the river being shown by the meander

line on Plate LVI. , . : : ,

About July 1st, the river being well within its banks, the patrol

which had been maintained during the flood was removed. On this

date no serious cutting appeared at any point between Yuma and the

International Boundary Line, on the American side of the stream.
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On August 10th it was found that the river had cut through the

levee at the 24-mile point, but the bank here being above the river

level, no overflow had occurred. On June 20th, or a few days prior

to the crest of the flood, the bank at this point was 1 300 ft. away

from the river, and there appeared to have been no material change on

July 1st, when the patrol was taken off ; thus it appears that the caving

here must have been extremely rapid.

All work of bank protection was continuous, day and night, while

the danger of overflow existed. During this period the temperature in

the day averaged 106° and at night about 73 degrees. Because of the

extreme heat, the work was very hard on the men, and at times our

efforts were greatly hampered by lack of labor. All the Indians in

the vicinity were pressed into service. Wages were temporarily in

creased to attract idle men in the Town of Yuma, and on the Reserva

tion the settlers whose lands were threatened turned out practically

to a man and fought valiantly in the defense of their homes.

' 'h Future Bank Protection. • . • • ' • .•

The work of bank protection should be directed :

(1) Toward holding existing levees and regaining lost ground, in

order that work which has been destroyed may be rebuilt

near its original position, thus maintaining as nearly as pos

sible the irrigable area; ....

(2) To cause the river to occupy a position about midway be

tween the levee? in order to prevent, if possible, the erosion of

•v . one season from reaching the embankments ; or the river slopes

of the levee should be.made impregnable to river attack.

It is also desirable, in order to prevent meandering—which, as

shown previously, may result in a rise in plane—to confine the stream

to the shortest route consistent with a fall of about 1 ft. per mile.

Regarding the recovery of lost ground, the writer is aware that

the building of levees on their old locations has not been generally

practiced. The following, relating to the Mississippi, is from Occa

sional Papers No. 1^1, Engineer School, U. S. A., page 278 : .

"Location.—The two objects of levees, protection of land and con

centration of flood discharge, will be most efficiently obtained by build

ing the levees as close as possible to the river bank, and, as owing

to the general slope of the bottom land, the banks are usually higher

than the land farther back, their location close to the river satisfies

generally the two conditions of maximum usefulness and minimum

cost, and if the river were straight and its hanks stable no better loca

tion could be sought; but the river is not straight and the banks cave

rapidly, and a location close to the river therefore has some disad

vantages. On some of the long points of the river a levee following

the bank will have, compared with a line across the point, a length



 

Fig. 78.—Sand-Bag Dam.



 



DISCUSSION ON IRRIGATION AND RIVER CONTROL 1493

not justified by the small additional amount of land protected. In a Mr.
rapidly caving bend a levee close to the river bank must in a short Selle,

time be destroyed. Complications are also frequently introduced by

the existence of the old river lakes caused by cut-offs. The short and

direct line would pass between the lake and the river, but such a

location requires usually a high and large levee and involves danger

from the nature of the soil recently deposited in the old river bed

and the probable existence of permeable sub-strata liable to be washed

out by hydraulic pressure during floods. On the other hand, the

line around the lake, though safe, is apt to be of extreme length.

"The question of levee location is, therefore, not a simple matter and

should receive careful consideration, but such consideration has, un

fortunately, not been always given to it. Most of the existing levees

have grown up gradually by the incorporation in the main system and

successive enlargement of old levees built by private parties for their

own protection, and the location of these old levees, having been made

without any reference to a general system, is, of course, in many

cases, faulty. Even where the levee has been built entirely anew the

location has been most usually fixed by the local boards, who are, of

course, subject to local influences, and many levees have thus been

located too close to a caving bank, in order to include special farms.

"But even when a new levee is to be located with reference only to

its general use, the question is not an easy one.. If the banks of the

river cave with any regularity, the cost of a new levee and its life

in any location could be balanced against the value of the additional

protection obtained by this location. But the caving does not go on

with any sort of regularity; some places that may not have caved for

years will suddenly begin to cave rapidly, and at other places where

caving has long been going on the caving will sometimes somewhat

suddenly cease. In placing levees near caving banks, therefore, a

careful study must be made of the locality and of the river for some

miles above, and, in general, it is considered a good location for the

levee if this study indicates a probable life of about twenty years."

Although 20 years was formerly considered economic practice on

the Mississippi, recent developments have modified it, as shown by the

following :*

"It is the judgment of the Commission that these revetment works

and some others which will be imperative within a short time are re

quired for the preservation of the levee system. Without them a

permanently completed system will be impossible. The increasing

height and cost of the levees and the rapid development of the country

protected by them greatly augment the disaster of crevasses. A break

in an embankment 5 or 6 feet high resulting in the thin overflow of a

sparsely populated country is a small calamity compared with a break

in a levee 20 feet high, discharging over a thickly populated country

threaded with railroads and filled with towns and factories. Owing to

the increased height now necessary to control the floods the expense

of replacing an undermined levee by a new line going far around

a lake or impassable swamp is enormous. The point of development

* R.port of Mississippi River Commission, Appendix PPP—Chief of Engine.rs, 1908, p. 2666.
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Mr. has come at which the only economical' •way to maintain the levees is

5 ew' to hold the banks against caving—not everywhere, but in all places

where the special conditions exist which have just been described.

This is a distinct stage of the work only recently reached."

The area protected by the Colorado levees will he occupied by farms

of rather small area, and consequently a comparatively large popula

tion will be dependent on them. Intensive farming will be practiced,

and the preparation of the land will be expensive, therefore it appears

that overflow should be prevented by all possible safeguards. The

integrity of the levee system will depend principally on bank protec

tion. There are two general methods by which this may be accom

plished: (1) to give the bank a revetment which will protect it against

erosion ; (2) to keep the main current away from the banks, so that

erosion cannot occur.

Revetment may be continuous throughout the river, or salient points

which are strongly attacked may be treated first, the work being ex

tended as occasion demands. The most extensive revetment in the

United States, if not in the world, is to be found along the Mississippi

River and its tributaries, where the General and State Governments

and local levee boards have engaged in protective works for many

years. The standard revetment consists, of a woven brush mat or

fascine mattress protecting the bed of the stream for a short distance

from the shore and the side of the channel below low water. Above

low water, where brush deteriorates rapidly, the bank is graded to a

uniform slope and paved with rock. Such work is very expensive.

The magnitude of bank protection and river control on a large

stream is seen in a "Report by a Special Board of Engineers on a

Survey of the Mississippi from St. Louis to its Mouth,"* with a

view to obtaining a channel 14 ft. deep and of suitable width. On

page 52 it is stated that up to the date of the report, 1909, there

had been expended by the General Government on the Mississippi

from the mouth of the Missouri to the head of the Passes more than

$88 000 000. In addition, there had been some millions spent by the

riparian States and local levee boards.

Reference is again made to Occasional Papers No. 41, Engineer

School, U. S. A., being "A Resume of Operations in the First and

Second Districts of the Mississippi Improvement, 1882-1901." This

material, which covers the work done by the National Government

under the direction of the Army Engineers, has been compiled in de

tail by E. Eveleth Winslow, Major, Corps of Engineers:

(Erom page 45) : "It is now considered settled that in a plan for

the permanent improvement of the channel by the contraction of its

low-water width; the work of bank protection should precede the

permeable dikes and other structures of that class, and that the latter

* Do.. 60, 61st Congress, 1st S.ssion.
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may be regarded as supplementary in functions and as necessary only Mr.
in a minority of cases." . . , • . h. S6llel

(From page 47) : "It was recognized from the beginning of the

Commission's work that the construction of works of bank protection

and channel contraction in detached reaches would be subject to 'in

fluences more or less unfavorable from changes in unprotected bends

above. In commencing work in the detached reaches of Plum Point

and Lake Province, the Commission was not oblivious of this fact,

but was influenced by other considerations which seemed to overbalance

this disadvantage, and it has not since seen good reason to doubt the

wisdom of that decision. But the experience gained in those reaches

emphasized the fact that it is highly important in any project for gen

eral and permanent bank protection to leave no unprotected reaches

above the work done from changes in which new conditions may be

produced in improved parts of the river. And it is considered by the

Commission that in undertaking a complete and permanent system of

bank protection the work ought to begin at the. upper end of the river

at or near Cairo and be carried thence down-stream with substantial

continuity. * * *

"It is considered that the annual cost of maintenance of completed

work could not be estimated at less than ten per cent of the original
expenditure."• 1

(From page 233) : "The object of bank revetment is to protect the

banks of the river from destruction by the currents. The active

agency in this bank destruction is erosion, and bank revetment must

therefore prevent this erosion. Perhaps the easiest and most obvious

method of doing this is by laying over the exposed surface of the

erodable bank a non-erodable covering, and this is the method adopted.

This non-erodable covering must, of course, be fairly durable, must
have sufficient strength to iwithstand any strain put upon it, and must

be free from interstices through which scour might take place.

"Qwing to the fluctuations in the river, the different parts of the

bank are subjected to different conditions. Below the low-water line

the bank is always wet; above that line sometimes wet and sometimes

dry, and this difference in conditions allows, if it does not require,

that the portion of the bank above and below low water be treated

differently.

"Above low water the bank can be seen and the non-erodable cov

ering can be laid with ease, and it has been found that here a properly

laid stone pavement forms an efficient protection. The individual

stones of this paving must, of course, be so large that they cannot

be moved by the current, and it was found by experience that stones of

this size are not of themselves sufficient, as through their interstices

scour could take placB when the bank was sandy and the current strong.

This has been prevented by first covering the bank with a layer of

spalls or crushed rock of such thickness and closeness as to prevent /

scour through them and to hold this down with a layer of larger stone.

Such protection, when carefully laid, has been proven to be all that is

required for the upper bank.

"Below low water the conditions are different. As it is impossible

to construct the non-erodable covering actually in place, the next
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best thing is done, constructing it on the surface of the water above

' where it is to lie, and when constructed sinking it. In this way the

continuity of the covering can be assured, and it can be placed ex

actly where it is needed. As has been stated, this covering must not

contain interstices through which , scour can take place, for in such

a case not only would the purpose of the covering not be fulfilled, but

by such Scour its own eventual destruction would be assured.

"The covering actually used has been a mattress of brush and the

only kind that has been found , to prevent scour in very rapid cur

rents is the fascine mattress. In moderate currents another type of

mattress might do, but as changes in current conditions are always

likely to happen the fascine mattress only should be used."

(From page 256) : "In the early work brush was used as a covering for

the upper bank, but, subject as it was here to alternate submergence

in the water and exposure to the atmosphere, it decayed rapidly and

possessed little strength after about two seasons, and it was this rapid

decay of the brush permitting it to be easily broken up and expos

ing the bank to erosion, that led to its disuse and the substitution for

it of an all-stone covering." . i .

(From page 260): "It is probably safe to estimate that a fascine

mat built of small brush will be effective for at least twenty-five years

and that when a good proportion of large brush is used its life will be

considerably extended."

Applying these principles at Yuma, revetment should begin at

Laguna Dam and proceed continuously down stream, leaving no un

protected caving banks above completed work.

The portion of the revetment lying above low water should be con

structed by grading the bank to about a 3 to 1 slope and paving it

with rock. This is necessary, as any brush work laid on this por

tion of the bank, being subject to alternate periods of submergence

and exposure to the air, will deteriorate in . about two seasons and

be, of little use in holding the bank. Below the low-water mark, the

sides of the channel and the bottom for 50 ft. from shore should be

protected by a fascine mattress. Assuming that the gauge oscillation

along the stream is about 12 ft., a slope of 3 to I for this height

would give an exposed hank of about 38 ft., and, with a stone paving

.2 ft-. thick, would require 76 cu. ft., or, say, 3 cu. yd. of rock per lin. ft.

of bank. By using the quarries at Laguna Dam and Pilot Knob,

delivering the stone into barges, and then towing the material into

place for Use, a : fair estimate for the material in place on the' bank

will be about $2 per cu. yd., or $6 per lin. ft. of bank. In addition,

assume that brush mattress will cost about $4 per lin. ft., making a

total for revetment of $10 per. lin. ft. of bank, or $50 000 per mile.

The distance from Laguna to the Mexican boundary is about 45 miles,

and probably at least two-thirds of this distance, or 30 miles, will re

quire continuous revetment. At a cost of $50 000 per mile of bank
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or $100 000 per mile of river, 30 miles of revetment would cost about Mr.

$3 000 000. • . • 8eIle,

The foregoing quotations from the Mississippi reports state that the

annual maintenance of bank revetment should not be taken at less

than 10% of the original cost, which means that expenditures for this

purpose must be duplicated each 10 years. :

S. Waters Fox, M. Am. Soc. C. E., an assistant engineer in charge

of some of the Missouri River improvements, states* that 45 miles of

the alluvial portion of that stream had been improved at a cost of

$2 500 000, or about $56 000 per mile. The division of this cost was

stated by him as follows:

Actual construction.

Care of, repairs, and moving plant

Administration

Other items

It is thus Seen that, in this particular case, the cost of mainte

nance was more than double that assumed for the Colorado. Another

thing to be considered in the matter of bank protection is the source

of the material to be used. The supply of rock in the quarries at

Laguna Dam and at Pilot Knob is abundant, but the same cannot be

said regarding the brush, which for the best results, should be young,

live willow. In Occasional Papers No. 1^1, Engineer School, U. S. A.,

previously referred to, the following appears on page 46, in an extract

from reports of the Mississippi River Commission:

"Another fact now definitely settled is that in the construction of

mattresses of the type now employed on a large scale, the supply of

material becomes an element of the problem presenting serious dif

ficulty. The area of willow-producing bar necessary to supply material

for a mile of . .fascine mattress 300 feet wide is practically five times

as great as that required for an equal length of mattress built in the

early years of the work. The quantity of small willow growth used in

this form of mattress is so great that the estimate of the yearly

supply available along the whole length of the river from Cairo to

Vicksburg is not more than sufficient for the making of 15 miles

per annum of bank revetment." ,. . ; • .

The writer is not aware how the growth of willow along the Colo

rado compares with that along the Mississippi between Cairo and

Vicksburg, but will assume for the present that the quantities are

about equal. The assumption: will also be made that the quantity re

quired for the Colorado will not be more than one-third as much

as that on the Mississippi; therefore, if 600 miles of river provide for

15 miles of revetment on the Mississippi, it would provide for: 45 miles

* Transa.oons, Am. So.. C. E., Vol. LIV., p. 280.

67 per cent.
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Mr. on the Colorado. If 600 miles of river will furnish material for 45
w■ miles of revetment, then 45 miles of river between Laguna Dam and

the International Boundary would provide for about 3£ miles of suck

work annually. In the 30 miles of stream to which it is suggested the

revetment be applied there would be 60 miles of revetted bank, and

at 3J miles per year it would require 17 years to. build this revetment

with the ordinary growth. This makes no allowance for the annual

repairs, which are estimated at 10 per cent. It would also be im

practicable, even with the material available, to construct this revet

ment immediately, not only on account of the constructive difficulties

of doing so much work in a short space of time, for the control of the

stream by revetting its banks and contracting its channel must neces

sarily be slow because the changes which these works bring about can

not occur immediately. On this point the writer quotes from Occa

sional Papers previously mentioned, page 41:

(From the Mississippi River Commission's report for 1889) : "This

work is still incomplete, although its feasibility and value have, it is

thought, been fairly demonstrated. It is, however, well understood

now that it is likely to prove a slower process than was at first supposed,

for the work cannot be hurried. It must be gradual and progressive."

•'•.••}.: ■■■"■ ::V■ In vtttatim■jjrfil

Flo. 82.
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Seventeen years is entirely too long a period over which to stretch

this work, as the protection of the Government's investment and the

welfare of the settlers demand that the control of the river be almost

immediate.

The radical difference between the high-water and the low-water

channels of the Colorado furnish another obstacle to the foregoing

form of bank protection. An examination of the diagram (Fig. 72)

shows, that while protection of the upper bank by the rip-rap could

be readily accomplished, it would be impossible to place the fascine

mattress in the proper position. At low water, when conditions are

favorable for mattress work, the channel is so silted up that a mat

tress sunk in position would not even approximate the place it should

occupy to protect the flood channel from erosion. At high water,

when the channel is scoured out and the bank to be protected is ex

posed, the depth of water and the velocity of the current are too

great to accomplish work of this class successfully.
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From the foregoing it appears that mattress revetment below low Mr.

water, combined with rock revetment above, should not be applied along

the Lower Colorado, for the following reasons:

(1) The high first cost and excessive cost of maintenance (10%) ;

(2) The time required (17 years) for the natural growth to pro

duce the willows necessary for this form of protection;

(3) The impossibility of placing the mattress in its proper posi

tion, due to the silted condition of the stream at those seasons

when depth and velocity are favorable for such work; and

(4) That in great floods a concentrated attack might destroy a

portion of the mattress at a time when its repair or the pro

tection of the bank thus exposed would be impossible.

Rock Revetment.—Another method of protecting the bank would

be to make the revetment entirely of rock. At low water the exposed

slope would be graded, properly rip-rapped, and at the foot of this

slope a large quantity of loose rock would be placed (Fig. 82). As the

high-water channel was created by the scour of the current, this loose

rock would be undermined and gradually slide into position, making

a revetment along the bank thus exposed which would be practically a

permanent protection. In approximating the cost of such work, let it

be assumed that the average depth along the levee during high water

will be about 20 ft. It is known that at exposed points where severe

cutting has been in progress it has been as much as 32 ft., but, for a

general average depth to which revetment should extend, 20 ft. appears

to be safe. Suppose that the rock will stand at a slope of 2 to 1; then

the length of the revetted slope in contact with the water will be 45 ft.,

and, if the revetment is 2 ft. thick, the area of the section will be 90 ft.

Assuming that, owing to wasteful methods by which this is applied,

one-half is lost, then the sectional area of rock per linear foot which

has to be placed along the levee is 135 sq. ft., or 5 cu. yd., or 25 000

cu. yd. per mile of bank, equal to 50 000 cu. yd. per mile of river.

For 30 miles this would mean the placing of about 1 500 000 cu. yd. of

material. , . . , . . ' • ..

Should such a course be adopted, quarries would be opened on each

side of the river at Laguna Dam, which, by connecting railroads,

would supply the levees within economic reach. Another quarry at

Indian Hill, opposite Tuma, would serve for the portions above and

below for proper distances, while quarries at Pilot Knob would control

the remainder on the California side. From this latter point, a tempo

rary trestle, which appears to be the best arrangement, would connect

with the Yuma Valley levee, on the Arizona side of the Colorado.

Later, if it was decided to extend similar treatment to the Gila levees,

the Arizona quarry at Laguna Dam would control the levee on the

north side of the stream, and the south levee could be reached from
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Penitentiary Hill. Considering now only the embankments along the

Colorado, it appears that the suggested treatment will require a rail

road over their entire length, which is about 60 miles. These levees

are already in existence, and the cost of equipping them with track

(52-lb. rails) is estimated as follows:

Cost per mile of railroad on existing levee:

Steel, 52-lb. = 90 tons, at $30. $2 700

Fastenings 600

There is a railroad on the Reservation levee between Yuma and

Laguna Dam, and deducting this length of 13 miles from the 60 miles

required leaves 47 miles to be built. At $7 000 per mile this cost

would be $329 000, to which may be added about $10 000 for the Pilot

Knob trestle, giving a total for railroad construction of, say, $340 000.

The average length of haul from these quarries will approximate 15

miles, and it should be done for not more than 1J cents per ton-mile.

The 1 500 000 cu. yd. will equal about 3 000 000 tons, and with an aver

age haul of 15 miles, gives 45 000 000 ton-miles, which at 1J cents equals

$675 000. Using large steam shovels, quarries with long and high faces,

mined with small tunnels in which heavy charges are used, it would

appear that the material could be placed on the cars at an outside price

of 30 cents per cu. yd.; to this should be added, say, 25 cents per cu. yd.

for spreading and placing the rock on the slope, giving 55 cents per

cu. yd. as the cost above that of hauling. At 55 cents, 1 500 000 cu. yd.

would cost $825 000, which, added to the expense of hauling, makes a

total charge of $1 500 000, which is increased to $1 840 000 when the

cost of building the railroad is included. Adding 10% for contingencies

and repairs gives a round sum of $2 000 000 for protecting 30 miles

of river, or about $66 000 per mile, equivalent to $33 000 per mile of

bank. ■ . . , .. ,

Although these estimates must be considered as approximations, it

appears that permanent rock revetment can be had for not more than

one in which mattresses are used, and probably for less. The per

manence of the rock, its slight maintenance cost, the ample quantity

available, and the fact that it can be placed as well during attack at

high water as at l.w, makes it the best and most economic protection

for. the banks of the river between Laguna Dam and the Mexican

boundary. Once the tracks were on the levee, exposed points could

be quickly protected, and the remainder of the work could proceed as

desired. . : ■. • : : ,

Ties, 2 600, at $1.25.

Track laying.

Train service

3 250

400

125

(Say, $7 000 per mile) $7 075
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By Deflecting Currents —Hank protection by deflecting the currents Mr.:

away from the shore so that erosion cannot occur may be done by Sel,ew

spur-dikes or by opening channels across sand-bars which are the cause

of the impingement. The deflection of currents by brush dikes has

been tried in many localities and with varying degrees of success.

They are subject to destruction by the natural course of deterioration,

by deep scour which occurs around their outer ends,, and by the under

cutting of eddies below them which they have created. They have been

tried sufficiently along the Lower Colorado Under the writer's • direc

tion to demonstrate that at best they are only a temporary expedient.

If' built of Cottonwood piling, which grows along the banks of the

stream, their life would not exceed 2J or 3 years as the maximum;

probably the average is not more than• 2 years. Constructed of fir

piling; they could be depended on for 6 or 7 years. If, at the end of

that time, the new banks which had been created by silting between

them were not protected by revetment; it is probable that the dikes would

need renewal, in order to hold the work. One other disadvantage of

spur-dikes is that the proper location for them is demonstrated only by

the varying attack of the river, and, when this attack comes on, the

water is generally so deep and the currents so swift that the dikes

cannot be built. It is then necessary to defend them as best one can

until lower water, and perhaps, on the falling stage, the river changes

its point of attack, so that dikes are needed in other places. In the

writer's judgment, protection by spurs should be used only in an emer

gency; they have no place in any permanent form of bank protection

on this river.

Dredging.—There remains the method, of diverting the current by ..

opening up channels across sand-bars. Wherever the banks have been .

attacked, the impingement has been caused directly by the formation

of deposits on the opposite side of the stream. As these deposits build

out toward the opposite bank, the flowing prism of the river is nar

rowed, the concentration of the water increases the velocity, the channel

is correspondingly deepened, and, as a result, there is deep water and

high velocity against a caving bank. Under such conditions,' if it were

possible to open up $ channel of; sufficient dimensions across this bar,

and if the current could be induced to follow . this new channel, the

attack on the bank would be immediately relieved. In some instances,

where the encroaching bar is short and other conditions are favorable,

channels have been opened up and relief secured by a liberal use of

dynamite; Such a method is impracticable in most cases along the

river. It is seldom that a condition occurs that can be relieved by

explosives. . , ,' .

The following is taken from Occasional Papers No. lfl, page 44 :

"The experience with the revetment work previously done had

shown it to be inadequate for the purpose, and rapid changes of type
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were not made until there was developed the standard of the

present day: A fascine subaqueous mattress with upper bank paving

of stone. But as the revetment work had gradually been increased in

strength, it had also increased in cost, until in the new standard type

the cost had reached about $30 per linear foot of bank, or approxi

mately $150 000 per mile.

"As the large cost of a systematic improvement of the whole river

became evident, the Commission was led to investigate means for

temporarily improving navigation during the low-water season. The

principal obstructions met with are the sand bars built up during high

stages, through which the river slowly cuts a channel as the flood

recedes. If this process could be assisted and hastened, navigation

would be improved thereby, and to this end experiments were made

with dredges. These experiments, started in 1894, were successful

and as a result the Commission was led to reconsider the whole sub

ject of the river improvement, and as a result of this study the Com

mission decided to adopt a new plan for future operations, namely,

to depend for the relief of the immediate needs of navigation upon

dredging, and to restrict the improvement by bank revetment to

special localities, where local interests or necessities demanded it."

(From page 46) : "From all these facts together it became apparent

several years ago—not all at once, but gradually, as facts accumulated

and the deduction of experience was unfolded—that it was not pos

sible by any or all of the methods which had been employed to ac

complish such permanent improvement of the river from Cairo down

as was necessary to meet the urgent demands of commerce within any

reasonable time to come. It was this disagreeable but unavoidable

conclusion from the work of preceding years, together with the recent

and wonderful development of the hydraulic dredge, that led the

Commission to undertake the experiments of dredging the bars of the

river with the view to the temporary improvement of its low-water chan

nel which has been detailed in recent reports of the Commission and

to which more extended reference is made elsewhere in this report.

Those experiments have proceeded , favorably so far as to hold out a

reasonable probability of entire success."

A suction dredge of large capacity and light draft which could be

maneuvered in the Colorado during flood stages would be of value in

opening channels across sand-bars. During low water the dredge could

be used in creating a channel about midway between the levees at those

points where attack from caving banks was imminent. The excavated

material could be deposited in the vicinity of the levee through pipes

carried on pontoons, thereby building the banks and making their

alignment more regular.

It might appear at first thought that the quantity of material to

be moved would require a dredge of unheard-of proportions, and that

the expense would be prohibitive, but such work appears to be well

within the range of the hydraulic dredges as developed for work on

the Mississippi River, the largest of which have a capacity of 2 000

cu. yd. per hour. About one-third of their time is lost in tie-ups for
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repairs during high water, maneuvering for position on bars, and in Mr.

change of position, so that throughout the year the dredge would Sell.i

operate not more than 240 days, or 5 760 hours. Such operation of

the dredge would result in removing about 11 000 000 cu. yd. of

material.

Assuming a low-water discharge of 4 500 sec-ft., passing Yuma with

a velocity of 3 ft. per sec, the area of the flowing prism would be

1 500 sq. ft. If this was excavated, with a depth of 5 ft. and a width

of 300 ft., the 45 miles of such channel between Laguna Dam and the

Sonora line would contain about 12 400 000 cu. yd. It is clear that no

such quantity of excavation will ever be required along the lower river

in any one season, therefore the dredge under discussion has ample

capacity. The questions to be examined are: (1) its cost; (2) whether

it can be designed of dimensions which will allow it to navigate the

shallow and tortuous channels of the Colorado; and (3) whether it can

be operated during floods for opening channels across the bars.

Referring to Document 50, 61st Congress, page 55, where is shown

a memorandum of a project for maintaining by hydraulic dredging

alone a navigable channel, 14 ft. deep and 500 ft. wide, between St.

Louis and the mouth of the Ohio River: The estimates provide for

20 dredges, each with a capacity of 2 000 cu. yd. per hour, to cost, with

all attendant floating plant, tools, auxiliaries, etc, $6 000 000, or

$300 000 per dredge. The annual maintenance is stated as $100 000 per

dredge. In estimating the cost of a dredge, its life is here assumed

as 20 years, and a sinking fund is provided for its renewal at the end

of that time.

Estimated Annual Cost of Dredges.

Interest at 3% on $300 000 $9 000

Annual maintenance 100 000 ' "

Sinking fund 11166

$120 166

The maintenance of the channel by dredging would require con

tinuous work, year after year, no permanent results being obtained.

In about 16 years the sum of the annual maintenance would equal the

estimated cost of the rock revetment, and the maintenance, capitalized

at 3%, gives an amount double that for which it appears a safe and

permanent bank protection may be obtained. Whether or not a dredge

can be built to satisfy the local conditions cannot be stated from the

data at hand, but as such operations will cost double those necessary

for permanent bank protection, further examination in this direction

appears to be needless.
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Conclusions.

The purpose of this discussion is to indicate in a general way the

present conditions along the Lower Colorado, and to point out, from an

analysis of the data here assembled, the future course which will proba

bly be productive of the best results. It appears :

(1) That in their present state, the levees are at the mercy of the

meanders of the stream, except throughout those portions where a

railroad occupies the levee top;

(2) That checking the meanders of the stream by permeable dikes

during low water and brush defences during high water are simply

emergency works which accomplish no permanent good;

(3) That owing to the large amount of scour during freshets and

the fill-back on the falling stage, bank protection by means of willow

mattresses as constructed in other places is impractical, if not

impossible;

(4) That bank revetment, permanent in character and reasonable

in cost, when compared with other methods, can be readily and quickly

accomplished with rock placed from railroad trains operated on the

levee tops and connecting with existing quarries which are within a

reasonable distance;

(5) That further investigation is needed before it can be predicted,

with any degree of accuracy, what effect the possible storage of flood

water on the upper reaches will have on the flood discharge and the

meandering tendency of the lower river;

(6) That it is doubtful if the amount of control obtained in this

manner will eliminate the necessity of bank protection, and, even if

such control could be obtained, a number of years must elapse before it

can be made effective;

(7) In the meantime, existing works will continue to be menaced,

therefore protective measures of greater or lesser magnitude must con

tinue. In view of this fact, and the probability that some caving banks

will always exist, the money spent for their protection should be for

permanent revetment.

Nothing in the foregoing should be construed as opposing in any

degree the creation of storage works at the head-waters of the Colorado.

All feasible sites should be carefully examined, their probable in

fluence estimated, and a well-determined construction plan matured.

Such preliminary action is necessary before the advantages to come

from the complete development of this river can be realized. . .

The destiny of this stream should be controlled by engineers rather

than by statesmen, as the author suggests.

Elwood Mead, M. Am. Soc. C. E. (by letter).—The author's able

review of the irrigation development in the Imperial Valley and the

measures taken to control the Colorado River, describes the most
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unique achievement in American engineering since Eads deepened the Mr.

mouth of the Mississippi. The Society is indebted to Mr. Cory for

having given such a complete history.

If the gap in the Colorado had not been closed, Imperial and a

score of other towns would have been buried deep under the waters of

an inland sea; the grain fields and orchards of thousands of farmers,

and representing the savings of lifetimes, would have been blotted Out;

one-twelfth of the irrigated area of California would have disappeared;

the Laguna Dam would to-day have probably been only a memory ;

and the greatest change in the earth's geography which has taken place

within recorded time would have been an established fact.

Only those who heard the turbulent torrent that roared through the

break in the bank of the Colorado and saw the forest-covered lands

along the new channel melt and disappear in its depths, could under

stand the appalling nature of the disaster which impended and the

tremendous odds which had to be faced to restore the river to its

original channel.

In this attempt an expenditure of more than $1 000 000 had to be

risked, with the chances on the side of failure. The courage with

which Mr. Randolph and Mr. Cory assumed their trying responsibility,

and the generalship which they showed in handling their immense

equipment, are not made clear in Mr. Cory's paper. Only those who

knew the conditions faced can fully appreciate the superb merit of their

achievement.

The chief value of this paper, however, is not found in its descrip

tion of the engineering methods used, but in the social and political

conditions, attending irrigation development in the West, which it

reveals. This history shows that, so far as this enterprise was con

cerned, there was an utter lack of public direction and supervision, or

either State or National aid; and, as these are fundamental features

of irrigation development, it is that portion of the paper which the

writer proposes to discuss. . . h . h

If it is the duty of the Government to conserve the public re

sources and to give any regard to the general welfare of the people de

veloping them, this should be shown by the enactment of intelligent

land and water laws and adequate administrative control of streams, as

this is the only means of ensuring the full development of these re

sources and the right conditions of life in1 the arid West. This part of the

country embraces two-fifths of the Nation's area. It was almost worth

less without irrigation, it is immensely valuable now, but the change

has been accompanied by a waste of effort, a loss of money, and the

infliction of hardships and injustice which could haVe been easily

prevented if the State and National law-makers had done their duty.
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When Western settlement reached the arid region, Congress should

have provided for the diversion of rivers under public control, and in

accordance with a general plan. This would have secured the irriga

tion of the best land, prevented the duplication of canals, or the build

ing of canals where there was no water to fill them. It should either

have built, the large and costly irrigation works as Government projects,

or safeguarded the private investments in these works, by making

land and water security for the cost. Instead of this, there has never

been any satisfactory title to water, and the public land has almost

invariably passed into a control hostile to or independent of the irriga

tion works. Instead of adequate security, there was never, prior to the

passage of the Carey Act and the Wyoming State law accepting this

Act, any security for the money spent in irrigation works to water

public lands, and at least three-fourths of these enterprises were

financial disasters,

If all important irrigation works had been built by the Govern

ment, money could have been obtained at one-fourth the interest charge

the majority of private projects had to pay, and without the ruinous

discounts on loans which the flotation of these enterprises entailed.

Low interest rates would have made much lower water charges possible

and thus removed from American irrigation its most serious handicap.

If there had been any attempt to frame a land law suited to require

ments in the arid region, it would have at once been manifest that

the homestead should have been reduced in acreage instead of in

creased, because it requires more labor to cultivate 80 irrigated acres

than it does 160 acres watered by rain, and the returns are larger.

Instead of reducing the homestead and restricting settlement to home

steads, however, the Desert and Land Act was passed, which gave

640 acres to the individual, conferring title without residence, without

cultivation, and too often with the mere pretence of watering. The

Desert Land Act was promoted by the rich range stock owner. It was

the worst handicap irrigation ever had, and, instead of aiding the de

serving settler, it took away his best opportunities. Instead of public

control of streams, men fought for their p.ssessions with shotguns

and shovels along the banks; or»with more costly weapons in the

Courts, where litigation, instead of settling issues, as a rule, created

new fields for controversy. The water-right litigation of the arid

States has not only been a continuing source of ill-feeling, injustice,

waste, and loss, but its existence is a reflection on the capacity of the

law-makers who- are responsible for it. An understanding of these

matters is necessary rightly to interpret what occurred in the Imperial

Valley. .,-... » . ,• . ... , .•

The irrigation and settlement of the desert of Southern California

should neve.r have been left to private enterprise. This was a case

calling for direct Governmental control and responsibility. The desert
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was below sea level. It was worthless to the State, dangerous to travel- Mr.

ers, and ugly to look upon. It was known that the Colorado River Mead

was a stream subject to torrential floods, and that the banks were

alluvial; and it required only the slightest consideration to realize the

danger which would menace settlers if they were allowed to make

homes in this valley without the diversion works being made safe

beyond question. The benefits which would come from irrigation and

settlement made it a matter of direct concern to every resident of

California, gave the project a National importance, and justified its

construction as a public work. . •h•

If, however, the State did not build the works, it was its duty to

supervise them and protect the private enterprise which did. Before

investors were allowed to risk their capital or settlers risk their lives

and comfort, some public authority should have seen to it that the

land was fit to cultivate, and that there was a legal title to water;

and there should have been an inspection of engineering plans and an

investigation of financial arrangements.

Instead of this, an irresponsible company without capital employs

an engineer, whom it fails to pay. A right to 10 000 cu. ft. per sec.

of a navigable international stream is established by the engineer

posting a notice in an uninhabited jungle of weeds and brush. Of

course, this was a farce, but it was the manner of establishing water

titles prescribed by the law of California. That the title was worth

less was shown later, but the early investors did not know this, they

trusted the State to uphold and defend its statutes, and were betrayed.

Any one who reviews this record must be amazed at the exhibit of

imperfect laws and the incompetence or indifference, of' the public

authorities. The surveys of public lands were shown to have been

fraudulent, which was bad enough, but the delay of six years in correct

ing them was infinitely worse. The examination of the soil should

have been made before settlement instead of afterward, and should

never have been made except by experts having practical knowledge

of irrigation. Instead of a proper land law, much of the land was

acquired by non-resident speculators. •

When the water title was attacked by the Interior Department,

it was the duty of the State to defend its authority to grant titles and to

protect this struggling project and the unfortunate settlers. For this

protection, however, they had to look to a foreign country, and one

wonders what would have been the result if Mexico had been as in

different as the United States. This attack on the water title by the

United States seems to have been morally wrong, even if legally defensible.

Finally, when it was known that the river was beyond control,

and the most appalling calamity that ever menaced the State of Cali

fornia was impending, it should not have been left to a bankrupt com

pany and impoverished settlers to cope unaided with this disaster.
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Mr. It was the duty of the State or Nation to take charge, and provide
l.ad' the money and men needed to restore the river to its former channel.

Apparently, no one in authority was interested, the State Government

only considered the matter long enough to write a letter to the Presi

dent, and the President, having Congress on his hands, shifted the

responsibility to the head of a railroad company; and it was not until

this railroad company took charge that we have the first refreshing

example of generosity and public spirit. Nothing could have been

finer than the action of Mr. Harriman. The loan of $250 000 when

his time and resources were overtaxed by the earthquake at San

Francisco, providing more than $1 000 000 for the last hazardous at

tempt to save the valley, furnishes an inspiring contrast to the supine

indifference and irresponsibility shown by both the State and Federal

authorities. .•

The Imperial Valley produced last year crops worth $10 000 000.

The most desolate part of California has become attractive, productive,

and profitable; but, when one contemplates the hardship, anxiety, and

suffering of settlers, and the waste and loss to the investors in the

enterprise, one cannot help feeling that the conditions which imposed

such burdens on development ought to be removed.

The National and State benefits which have resulted ought to

have brought both wealth and public recognition to the pioneers of

the enterprise ; instead* its engineer and organizer was in the end

cast on the scrap heap, his life work wasted; and a large percentage

of the pioneer settlers, after untold hardships, had to give up and

leave. Many of those now in the valley have had to pay high prices

for their land as the result of early acquirement by speculators. The

Southern Pacific Company, although requested by the President of

the United States to save this valley from destruction, has not been

paid for doing so. The speculators in . the company, who were astute

enough to get two dollars for one, have in many instances become rich;

the lawyers who have had charge of tlie unending litigation have reaped

a fruitful harvest; but those who worked for the real success of the

enterprise, the men who risked their own comfort and that of their

families to create homes, have paid penalties which are entirely un

necessary where irrigation development is carried out under a proper

system of public control.

Mr. Cory's paper needs to be read in connection with that recently

submitted by Mr. Lewis,* the State Engineer of Oregon; both papers

show the need for a change in the public conception of the duties and

responsibilities of the Government in conserving and developing public

resources, and a general appreciation of the need of more effective laws

for safeguarding investments and making the settlement of arid lands

easier, cheaper, and safer than this has been in the past.

• Transacti.ns, Am. S.c. C. E., V.l. LXXVI, p. 637. '
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W. W. Follett, M. Am. Soc. C. E. (by letter).—Mr. Cory's paper

is valuable and interesting for several reasons. It gives in chrono

logical order the history of irrigation in the Imperial Valley, culminat

ing in the terrible battles with the gigantic and treacherous Colorado;

it records the impressions and beliefs, after sober second thought, of

one who was there in responsible charge during the months and years

of greatest stress, and, above all, it is especially pleasing to the writer

because the author takes occasion to show how uncalled for was the

hysteria which accused Mr. Rockwood of having made a criminal

blunder in opening the cut through which the river made the crevasse.*

In March, 1903, the writer made a trip down the Colorado River

by rowboat, starting at Yuma and going to a place known locally as

"Mike's Landing," which was about 80 or 90 miles by river below

Yuma and near the head of tide-water. The return trip was made

by wagon, through the delta lands west of the river, along the west

bank of Volcano Lake, and to Calexico.

On this trip, which was made on a Yuma gauge of 18.3, or about

1.5 ft. above low water for that season, it was noted that the height

of the river banks varied from 5 to 8 ft. above the surface of the

water. The maximum flood of 1902 was 24.5 on the Yuma gauge,

and, judging from the high-water marks on the trees, filled the river

a trifle more than bank-full, whether the banks were 5 or 8 ft. high.

Apparently, so much water escaped as soon as the banks were topped

that the rise ceased. After passing a point about where the crevasse

of 1905 afterward occurred, where the width of the channel was

800 ft. or more, the latter narrowed, as water was spilled over the banks,

until it was only 410 ft. between the overflow banks at Mike's Land

ing. These apparently did not overflow deeply—although at that time

there had not been for many years such enormous discharges as have

come during the last 8 or 9 years.

On leaving the landing, the wagon road led directly away from the

river for about 10 miles and then veered to the northward, toward

Volcano Lake. The high-water marks showed that there was a rapid

fall in the ground as the river was left behind. Of course, these marks

were not level, but fell away from the river, as drift showed that the

current had been in that direction. The fall mentioned by the author

—from 5 to 8 ft. in the first 3 000 ft.—was found, being nearer the

latter figure. After that, the fall was more gradual.

In going north it was noted that each flood-water channel crossed

was running on a ridge similar to, but much smaller than, that on

which the main river ran. '• '

As a result of that trip, the writer was impressed with the idea

that the Colorado was nearing an epochal change in its course across

its delta. It is well known that an alluvial stream builds up its banks

* Transa.oons, Am. So.. C. E., Vol. LXII, p. 24.
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and beds across its delta until it lies on a ridge; and that finally

the time comes when the river breaks away from this ridge, takes

a new course to the sea across the lower portion of the delta, and

proceeds to build another ridge. When the stream reaches this condi

tion of instability it is impossible, except at great expense, to keep it

on the high ground. The writer had no idea, however, that the river

would break into the Imperial Valley, but believed that the ridge

north of Volcano Lake and the embankment along the canal of the

California Development Company, would prevent such a diversion.

Subsequent events have confirmed this Idea, and the writer is now

of the opinion that any money which may be spent in attempting

to close the Abejas Crevasse will be wasted, because, even if it is

closed and held, the river will break out again somewhere else.

The author has shown quite clearly* that no serious grade recession

has resulted from the Abejas Crevasse. As the river has been running

through this opening for 4 years, during which time there have come

the two largest floods ever known, it is fair to assume that no further

grade recession will occur, but that a new delta is forming, pointing

toward Volcano Lake, and that the tendency henceforward will be for

the bed of the river to rise. Therefore, no danger to the water supply

of the California Development Company nor to Laguna Dam is to

be expected. It is best, therefore, to recognize this as an epochal

change, allow the river to take its own course to the Gulf, and protect

the Imperial Valley by raising and strengthening periodically the levee

which lies north of Volcano Lake and extends back to the river. For

the valley this will be a sure protection, which the closing of the Abejas

Crevasse would not afford for any length of time.

Attention is called to the narrow gorge between levees, which be

gins opposite Andrade and extends for 2 miles down stream. The

levees average about 1 500 ft. apart, with a width of river channel of

1 000 ft. ; that is, the average berm on each side between the river

and the levee is only 250 ft., and, in some places, it is probably

narrower. This condition is shown on Plate L.

If, during some flood, the current of the river should be deflected

so as to strike the right bank, and scouring began, it is the writer's

belief that the levee and canal bank would be eaten away like sugar,

and the river would be diverted into the canal and down the Alamo,

again reaching the Salton Sea.

To prevent this diversion, a safety gate can be built about 2 miles

below the Hind Dam (see Plate L). . At this point, the Rock-

wood Crevasse channel touches the sand hills on the north, and a cross-

levee could be built from the gate to the main levee on the south. As

there is much fall, a drop would probably be needed. In this might be

* Pag.s 1214-1215, and Fig. 8.
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placed gates, if thought best, which could be used for sluicing sand FMj£t

from the canal above.

The writer was on the ground several times prior to the closure

of the crevasse by the Hind Dam, and was strongly impressed with

the danger of the river "side-wiping1' the canal in this narrow stretch.

If it starts to shift, the efforts of man to stop it will seem puny in

comparison with the immense destructive force of the current. It is

stated that, in the Edinger Dam, piles, 64 ft. long, were driven more

than 50 ft. into the bed of the river, and that, when the flood struck

them, they scoured out and floated away; they were not broken, but

came out bodily. Attention is called to the author's statement (page

1214) that, in 1907 and again in 1909, it was found that for an increase

of 10 ft. in the gauge height at Yuma there was a lowering of the bed of

about 30 ft. This was where the river was flowing in a straight and un

impeded channel. It is not possible to say how deep it would scour

in a sharp bend. It would be deep enough, however, to undermine and

destroy the levee, regardless of any rip-rapping which might be on its

face, or any rock which might be hastily dumped into the river. It

is the writer's belief that this is a serious menace to the Imperial

Valley. The fact that the river channel is now practically straight for

about 4 miles is almost proof positive—bearing in mind the idiosyn

crasies of an alluvial stream—that it will not remain in that condition

very long. Whichever way the bend may start, the current will soon

be attacking both sides, as it will rebound from one bank to the other.

R. H. Forbes, Esq.* (by letter).—To those who know the Colorado Mr.
River, and who in a measure realize its eccentric and unmanageable Forbe

character, Mr. Cory's account of control work in the Delta is rendered

doubly interesting by that which the reader may find between the

lines. For, in proportion as the work was difficult, original in methods

adopted, and spectacular in its accomplishment, Mr. Cory's account

is unassuming, matter of fact, and quietly scientific. Of the errors

made by various agencies that in some way touched the reclamation

of the Delta, he is most uncritical..

..' An observer of events along the Colorado from 1905 to 1912 could

not but be impressed by the efficiency of the Southern Pacific Rail

road organization, with its ready and varied resources, its personnel,

and its esprit de corps, in dealing . with the situation. Not the least

factors in a successful outcome were the democratic and friendly rela

tions that existed between Mr. Epes Randolph, Mr. Cory, and others

of the management, and the motley crew of Americans, Mexicans, and

Indians whose confidence and loyal support they commanded to a

remarkable degree.

Gf the coiossal and urgent nature of the task, the adverse weather

* Director, Agriaultural Expe.im.nt Staoon, Univ. of Arizona, Tucson, Ariz.
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conditions, the experimental character of the work, the conflicting

advice received from influential sources, the diplomatic complications

with Mexico, and the financial entanglements incident to the under

taking, Mr. Cory's own account is sufficient evidence.

In Dr. William P. Blake's account of the region, written shortly

before his death, he relates the discovery in 1853 of San Gorgofio Pass,

through which the Southern Pacific Railroad was built about twenty-

five years later, and describes the descent of his party into the old

lake bed, below the level of the sea.

He also outlines the topography and geology of the region, describ

ing the lacustrine deposits, the fossils, the salt beds, the mud volcanoes,

and to some extent the vegetation of the basin. He points out the

manner in which the sediments of the Colorado, the tides, and rising

land levels finally cut off a portion of the ancient Gulf of California,

and describes the old lake Cahuilla thus formed, with its beach lines

and its fluctuations in level as the river flowed to one or the other side

of its delta. He even relates the Indian traditions of the former ex

istence of this lake.

Most interesting, however, are Dr. Blake's quotations from his

reports to the War Department in 1855, in which he points out the

fertility of the soil, and the possibility of irrigating the region by a

canal from the Colorado. He even states the danger of overflow through

such a canal and the refilling of the ancient lake. The following words,

quoted from the old report, have prophetic value :

"From the preceding facts [relating to soils and vegetation] it

becomes evident that the alluvial soil of the Desert is capable of sus

taining a vigorous vegetation." * * * "If a supply of water could

be obtained for irrigation, it is probable that the greater part of the

Desert could be made to yield crops of almost any kind. During the

seasons of high water, or the overflows of the Colorado, there would be

little difficulty in irrigating large areas in the vicinity of New River

and the lagoons. By deepening the channel of New River, or cutting

a canal so low that the water of the Colorado would enter at all seasons

of the year, a constant supply could be furnished to the interior por

tions of the Desert. It is, indeed, a serious question whether a canal

would not cause the overflow of a vast surface and refill, to a certain

extent, the dry valley of the Ancient Lake."

Nothing is wanting here but a suggestion for the control of the

river, as detailed in Mr. Cory's paper.

It is remarkable that a man in his early twenties, inexperienced in

irrigation, and traveling for the first time through desert country,

should have estimated so accurately the possibilities and liabilities

of Salton Basin, fifty years before the development of the region. It

seems that, until recently, Professor Blake's was not only the first,

but the clearest, general conception of conditions in the Delta. Others
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have promoted the irrigation of the Basin, and some have realized Mr.

the possibility of a break-away; but, until 1905, additions to knowl

edge of the region were mostly supplementary to Professor Blake's

descriptions. '•■ •

If one may look for useful suggestions in this connection, attention

may be called to the necessity for a co-ordinated study, by the proper

agencies, of our great physical problems, such as the utilization of a

great river, and the proper control at all times of operations affecting

the final solution of such a problem. The "pork-barrel" method of

handling river improvements from the governmental side, is admittedly

desultory and wasteful; and it is to be feared that scientific agencies

engaged in the study of these same problems, as a rule, are not well

co-ordinated. It may be that the Colorado has drawn attention to

these facts, with corresponding advantages to come. The Newlands

Eiver Regulation Bill, now before Congress, will make possible a com

prehensive study and development of the Colorado River as a whole, for

storage, power, and irrigation ; and the Carnegie Institution, on the

purely scientific side, is soon to publish a collection of scientific papers

relating to the Delta region, among which will appear Professor Blake's

complete paper. • ■. / . '<••"■ • •■ ••.' ■ ■

R. S. Buck, M. Am. Boo. C. E. (by letter).;—The writer has read Mr.

Mr. Cory's paper, as well as several of the discussions thereon, with

great interest, but is forced to a view radically different from that of

Mr. Sellew regarding the propriety or advisability of incorporating in

such an engineering paper so much collateral matter of legal, financial,

and (he might have added) political character.

Mr. Sellew says: , , .  

■ "The record of the operations incident to the return of the river

to its former channel is extremely complete, although partly obscured

by a mass of legal and financial entanglements which properly have no

place in a purely engineering article."

Though it may have necessarily taken a longer time in the relating

than the casual reader, in quest of purely technical knowledge, may have

desired, one of the principal features of interest and value to> the

writer in Mr. Cory's paper is the graphic portrayal of the desperate

odds which engineering talent and effort are often forced to meet,, as

a result of long-range financial management, clogging legal compli

cations, and the blind, selfish play of the political game. -

Engineering work is now contr.lled by forces far beyond the laws

of physics, and, if he would occupy a position to which his technical

talents properly entitle him, the engineer must learn something of

these forces. ■ , • • ■ i , . I
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Mr. In the writer's opinion, Mr. Cory is to be commended rather than

■ criticized for devoting so much attention to the conditions in question,

for he has certainly thrown light on some dark places, and has shown

how vital it is for engineers to consider, in their planning, the laws

and habits of men and money, as well as the laws of Nature.

The Lower Colorado is not merely a problem of yesterday, present

ing a vague general moral. It is a vital problem of to-day and to

morrow and of years to come. It will probably take a place alongside

the Lower Mississippi River as another engineering problem, dragging

out a long, weary, and costly existence as a result of Government

incompetence and political selfishness. • ' •-.

Of course, Mr. Cory's paper can affect but little the thus far

meager results of mighty efforts to control the Colorado, but it should

have a marked effect on future efforts; if a reasonable amount of intelli

gence is to direct these efforts. . ; '

If Mr. Sellew's apparent views were shared by the Publication

Committee, we would have no papers such as those on water laws and

valuation of public utilities. The importance .f these and similar

collateral subjects, the writer feels, is growing to be more and more

appreciated from the engineering point of view.

Mr, F. T, Robson, Assoc. M. Am. Sgc. ,C. ■E. (by letter).—Under the

• 'heading, "Salton Sea", the author makes tw. statements which are

quite noteworthy,, and not to have been expected. The first is that the

land uncovered as the sea recedes is being cultivated with entire

success, and presumably with no preliminary treatment to remove

soil alkalinity. This is the more significant because, before the for

mation of the sea, this land had an alkalinity so great that it was

condemned by the soil surveys of the United States Department of

Agriculture, mentioned elsewhere by the author. The soil alkalinity

of this part of the desert is in general greater than throughout the

portion first cultivated and for which the Imperial Area Soil Survey

was made. Since then it has been covered for from 1 to 6 years by

water which, according to Tables 20 and 21, was' in 1907 more than

one-'tenth aa high in soluble solids as ocean water (and generally

similar in the proportion of the various elements), and is undoubtedly

growing constantly stronger because of the submerged salt beds.

Nevertheless, independent inquiry confirms the statement as to the

successful cultivation of the land which is being exposed.

The other interesting and surprising statement is that the gross

evaporation from the sea is only 6 ft. per annum. The writer has

also taken the trouble to check this figure—and has found that it should

be only 67 in.—and in doing so he has collected some information

bearing on this point which it is thought will be of interest.
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The opportunity offered at the Salton Sea for careful determination Mr.

of gross evaporation from large areas of water surface, and the rela

tion of this evaporation to that from small pans and evaporators, was

recognized by the officials of the United States Weather Bureau, and

from October, 1907, to the end of 1910, a large amount of work was

done there.

Special studies of evaporation loss from the surfaces of lakes and

reservoirs were begun by the Weather Bureau, under the direction

of Professors Bigelow and Marvin, at Reno, Nev., about August 1st,

 

pig. 83.

1907, the main headquarters being transferred to the Salton Basin

' near Salton in the following October. Observations were also made

simultaneously at the near-by points, Indio, Mecca, Mammoth, and

Brawley, and at the following distant points : Phoenix, Ariz. ; Eagle

and Carlsbad, N, Mex., these being at low elevations in these States;

Mitchell, Nebr. ; Howell, Wyo. ; Rupert and Boise, Idaho; Hermiston

and Klamath Falls, Ore.; North Yakima, Wash.; Fallon, Nev.; Lake

Tahoe, Cal. ; on the Rocky Mountain Plateau up to an elevation of
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Mr. 6 000 ft.; Birmingham, Ala.; Cincinnati, Ohio; Tupper Lake, N. Y.;

' and Lockport, 111., in the districts east of the Mississippi River. Most

of the western points selected were stations of the U. S. Reclamation

Service, and at most of them evaporation observations were taken at

2, 6, and 10 a. m. and at 2, 6, and 10 p. m., though in a few cases ob

servations were taken only at 6 a. m. and 2 p. M., which were found

to be about the time of minimum and maximum evaporation, re

spectively, and from which, it has been shown, very accurate results

can be obtained by taking the mean values.

The final bulletin on the data collected and the conclusions derived

therefrom, though promised to be issued in 1911, has not yet ap

peared. It is hoped that it will not be much longer delayed. How

ever, Professor Bigelow has given a summary of results and deduc

tions in a preliminary report.* This preliminary statement does not

contain the observed data, which, however, are abstracted by Professor

Bigelow in the "Abstract of Data, No. 4", issued by the Weather

Bureau, being "A Provisional Statement Regarding the Total Evapo

ration by Months at 23 Stations in the United States, 1909-10".

The preliminary experiments at Reno indicated that a large body

of water loses only about seven-tenths as' much as a small pan set

in a dry place outside its vapor sheet. The further experiments in

dicated the loss to be near 65%, in the opinion of Professor Bigelow;

and the results at the Salton Sea, properly corrected, in the writer's

opinion, indicate the proper coefficient to be still lower, namely 60

per cent. This relation, from the practical point of view, is the most im

portant fact brought out in the work at these various stations, particu

larly in that at Salton. At this point four towers were built : No. 1 about

1 500 ft. from the water's edge, No. 2 near the Southern Pacific trestle

over Salton Creek about 500 ft. from the shore, No. 3 f mile west, in 40

ft. of water, and No. 4, which is 120 ft. high, li miles west, in 55 ft.

of water (depths in 1909). These towers, though made as stiff as

possible, were found to have a slight vibratory motion, even in quiet

weather, and hence the water in the evaporation pans required to be

damped in oscillation by submerged partitions.

The important results, as given by Professor Bigelow in the pre

liminary report referred to, are :

1.—That the wind velocity was so different at various heights,

0, 10, 20, 30, and 40 ft. above the ground—amounting often to 30%

less at the ground than 10 ft. above—that every evaporation pan must

be supplied with its own anemometer wherever evaporation observations

are made, whether on land or on large bodies of water.

2.—That pans of different sizes evaporate at different rates, and

'Monthly W.ath.r R.vt.w, February and July, 1910, pp. 30? and 1138, "Studies on the
Phenomena of the Evaporaoon of Water ov.. Lak.s and R.servoirs."
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these rates were found to vary approximately as the expression, 0.023 Mr.

(1.23)*, where n has the following values:

n = 0 for large open-water surfaces,

n = 1 for 6-ft. pans,

n = 2 for 4-ft. pans,

n = 3 for 2-ft. pans,

n = 4 for ordinary dry air.

This variation seems to be due to the banking up of the vapor on

the leeward side under the action of the wind, and because the small

pan clears much more completely of vapor, and evaporation takes place

into a mixture of air of different contents according to the size of the

pans and the force of the wind.

3.—The formula finally suggested by Professor Bigelow is (c. g. 8.

units) : , ...

^ = 0^ ^(1 + 0.070 W),

where Ed — Evaporation in 24 hours (one day), in centimeters;

C2 = Coefficient, found to be 0.138 (1.23)'n;

e, = Saturation vapor pressure at temperature of the water

surface, designated by s;

ed = Saturation vapor pressure at temperature of the dew

point in the air near the water ;

e = General symbol representing vapor pressure ;

E = General symbol representing depth of evaporation;

— = Expression for the gradient (use Orelle's tables) ; • ■, ■

ea

de

di
Expression representing the change of vapor pressure

with temperature, s, taken. This quantity is merely

the tabular difference in ordinary vapor pressure ta

bles at the temperature under consideration ..(use

Manual Table V).

, „ W — Wind velocity, in kilometers per hour. i

It is proposed to substitute this formula for that now in general use,

which was proposed by Dalton in 1803 and may be written as follows

(same notation) :

dE_= CK-e,) (1 •+'■"),

where t = time, and C and a supposed by constant terms,

or Et — 0.036 (1.23)" (es — ed) (1 + 0.070 W) using the values

of the constants deduced from these experiments at

Salton. ... . , ,
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4.—That water in pans of the same size evaporates at the same

rates at 4 000 ft. elevation as at sea level, and hence the formula does

not contain any barometer pressure term.

5.—The recommended formula has no annual period in the C2

coefficient; the diurnal period is very small.

6.—A pan of very fresh water was allowed to evaporate alongside

a pan filled with brackish Salton Sea water, which was gradually

concentrated by adding water from the sea from November to May

without emptying the old water. The brackish water evaporated a

little slower than the fresh water, to the amount of 2% in April and

May.

7.—The actual fall of the Salton Sea level from June 1st, 1909,

to June 1st, 1910, was 51 in., and Professor Bigelow estimated that

the rise was 12 in. due to inflow from the Alamo and New Rivers, and

there were 6 in. of accretions from annual precipitation, making a

total gross evaporation of 69.0 in. This total checked with results

computed by formula from observed data necessary.

8.—Practically, it was the conclusion that engineers would neces

sarily have to adopt a standard pan and reduce the observed readings

to the open-water surface, as explained above. Thus, the evaporation

from a 4-ft. standard pan, when corrected for temperature and wind,

and multiplied by 0.66, is very close to what observation suggests. If

a water thermometer on a small raft in the lake measures s0, and e,

and et are determined by using a sling psychrometer, through t and

ts, and the wind velocity by an anemometer as near the water surface

as possible is W, then, C = 0.138 for a 24-hour interval. In the for

mula, the mean values taken at readings made about 6 a. m. and 2 p. m.

should be used. 1

The writer has checked the estimates of Professor Bigelow as to

the inflow from the Alamo and New Rivers, and the increase due to the

rainfall and run-off from the water-shed, from all the available data

(of which considerably more exist now than when Professor Bigelow

did his work). It is known that there are no springs or underground

sources of supply discharging into the basin, because, until very recent

years, the sea contained no water, and salt beds in the bottom were

regularly mined. The rainfall is very light, consequently the run-off

is small. From the time when the Colorado River was finally re-

diverted (the middle of February, 1907) to date is 6 years, and it

seemed to the writer that the results should be checked to obtain an

average for this entire period, rather than for the year from June 1st,

1909, to June 1st, 1910, which was taken by Professor Bigelow.

In determining the inflow, it is possible to utilize the sea itself as

a large measuring tank in which to measure the combined rainfall on

the water surface and the run-off from the drainage area due to rain

fall—proper correction being made for the regular inflow from the
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Alamo and New Rivers—by using the daily gauge heights or eleva- rr.

tions of the water surface. Robso

As a first step in obtaining the average evaporation for the entire

6-year period, the difference in elevation of the water surface on April

1st, 1907, and April 1st, 1913, was found to be 26.10 ft.

If, then, (1) the total precipitation on the sea itself, plus (2) the

total run-off into the sea, plus (3) the total discharge of the Alamo and

New Rivers into the sea for the same period, be added to this 26.10

ft., the result will be the total loss due to evaporation—percolation being

considered as of no consequence.

o.—The writer prepared a table of the rainfall for each month of

each year, as observed at Brawley, Calexico, Heber, Imperial, Mammoth,

Mecca, and Salton, all these points being within the drainage area and

fairly well distributed. It was then assumed that the total rainfall at all

these stations, divided by the number of stations, would give a fair

average of the precipitation on the sea itself. The total thus found

for the 6-year period was 16.59 in. or 1.38 ft.

6.—A table was then made showing the decrease in elevation of

the water surface for each month of the period, and the decrease

for each month was compared with that for the corresponding

month of the other years. It was found that the decrease in one

month compared very closely with that for a corresponding month

in another year, except in cases of unusual rains or other known

causes. Eliminating these months, a total was then made of those

remaining, and the result was divided by the number of months com

prising the sum. The average thus found was assumed to be the

normal average decrease for that month. Sufficient amounts, corrected

for excessive rainfalls on the sea itself, were added to bring the elim

inated months up to the average, and these additions were considered

as the run-off or inflow due to precipitation. This total was 15.00 in.,

or 1.25 ft., for the 6-year period. The results obtained by this method

were checked by examination of the daily precipitation records for

these various Weather Bureau Stations. In such desert country,

where the rainfall is scant, that which does occur is frequently in

intense storms or in local Cloudbursts. 1 Monthly records, therefore,

are of little value as indicating the probable run-off, and each storm

at each observation station must be considered, instead of the monthly

totals. Only two or three heavy precipitations extending over the

entire water-shed occurred during the 6 years, the heavy rainfalls

usually being rather local in character and in the nature of cloud

bursts. The total number of such heavy precipitations throughout the

period at all these stations, however, was surprisingly small, and the

daily gauge heights of the sea surface for several days was carefully

examined in connection with each of these heavy rains. In this way

a very good check was obtained on the foregoing method of deter
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Mr. mining the total inflow into the basin from its water-shed—exclusive

.bs.n. of ^e jjew an(j AJamo Rivers.

c.—The discharge of the Alamo and New Rivers has been observed,

and a rating curve has been applied only for a period from June•

1909, to October, 1910. Based on the records published in Water

Supply Paper No. 300, and from information kindly given to the

writer by Mr. Cory from his personal records, the following rises in

the elevation of the lake surface have been determined, and are be

lieved to be very close to the truth.

To January 1st, 1908 0.62 ft.

From January 1st, 1908, to January 1st, 1909.. 0.65 "

" " " 1909 " " " 1910.. 0.68 "

" 1910 " " " 1911.. 0.71 "

" " " 1911 " " " 1912.. 0.75 "

" " " 1912 " " " 1913.. 0.78 "

Total 4.19 ft.

To sum up, then, the evaporation has been as follows :

Loss in elevation of lake, as shown by gauge heights. .. . 26.10 ft.

(1) Total rainfall on lake surface 1.38 "

(2) Total run-off from rainfall 1.25 "

(3) Total discharge from Alamo and New Rivers 4.19 "

Total evaporation, April 1st, 1907, to April 1st, 1913 .... 32.92 ft.

or a yearly average of 5.58 ft.

or 67.02 in.

as compared with 69.0 in., the total gross evaporation, found and es

timated by Professor Bigelow for the 1-year period, June 1st, 1909,

to June 1st, 1910.

Table 31, containing observed data at Salton Sea, is taken from

"Abstract of Data, No. 4," by Professor Bigelow, referred to previously.

The figures for Nos. 1, 2, 3, and 4, for March, April, May, and June,

were interpolated from curves plotted from records of previous years•

and found by experience to give close results.

At the stations outside of the vapor sheet, at which observations

were taken, for a 6-ft, pan on the ground, the total evaporation .b

served was: ....

Indio . 119:33 in.

Mecca 107.81 "

Brawley 103.55 "

Mammoth 125.53 " ••

Total 456.22 in.

Average 114.055 "
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RobsoD ^ne t°tal evaporation, as determined by the writer, was 67.02 in.

Hence the coefficient to be used in converting the observations from a

6-ft. pan on the ground outside the vapor sheet, and in a desert country,

67. 02
to the total loss from a large water surface, seems to be ' — , or 0.59,

114. Ooo

or, say, 0.6.

rr. Andrew M. Chaffey, Esq. (by letter).—Careful reading of Mr.

Cory's paper leaves the agreeable impression that he has sought to be

fair and unprejudiced in handling a very complicated subject. Two

other publications dealing with the Imperial Valley project have ap

peared, one mentioned by the author*, and anotherf consisting of short

monographs by settlers, promoters, etc., gotten out by E. F. Howe,

editor of the Imperial Valley Press. Both are rambling sketches,

rather than histories, unsystematic, full of inaccuracies, and partisan

and misleading statements, and hence untrustworthy and unsatisfactory.

Mr. Cory's paper, therefore, is to be regarded as the first serious

history of Imperial Valley, and will unquestionably be heavily drawn

on by future writers. It is most fortunate, therefore, that it is being

fully discussed, its inaccuracies pointed out, its engineering and

historical matter supplemented by those qualified to do so, and, more

particularly even, that several of the facts brought out by the author

may be gathered together so that the reader interested in details may

not fail to catch their true significance.

The writer was associated with his father, Mr. George Chaffey,

in the management of the project from April, 1900, to February, 1902,

and, for more than twelve years, has been collecting original documents

and data relating to Imperial Valley. To these, doubtless much the

most complete in existence, the author, unfortunately, did not have

access, due to the fact that, curiously enough, he and the writer did

not become acquainted until after the appearance of this paper.

On page 1251 the author states that the first practical step toward

the irrigation of the Colorado Desert was the incorporation of the

California Development Company in 1896. The writer feels that this

is exceedingly misleading. Incorporating a company with large capi

tal stock, appropriating vast quantities of water, by posting no

tices and recording the same, all at most nominal cost, acquiring

options for small cash payments, getting out reports setting forth the

merits of a project, and hawking the scheme about in financial centers,

cannot rightly be considered as "practical steps" toward carryjng out

any enterprise. It is just this sort of "shoe string" promotioil which

Mr. Mead doubtless had in mind when writing his discussion |pn this

paper (page 1509) and pointing out the folly of letting irresponsible

* " Born ot the Des.rt," by C. R. Ro.kwood, 1909-10.

t " Th. First Decad.," Imperial, 1910-11.
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companies go ahead without any public supervision whatsoever. On the .r.
contrary, the first "practical step" was taken when Mr. George Chafiey Chaff.

signed the contract, (April 3d, 1900) to build canals into Imperial

Valley. Many readers of the paper will undoubtedly get the impression

from it that the California Development Company was at such time a

going concern, and that its promoters had already produced tangible

results. As a matter of fact, though it had been in existence nearly

four years, it had as assets the two options on land—one in Mexico

and one in California—mentioned by the author, as to each of which

the Company was in default, and an idea, a project of large and at

tractive proportions on which not one shovelful of earth had been

turned, and toward the consummation of which not one single practical

step had beep taken. Its obligations, aside from its capital stock,

were various debts, aggregating a considerable sum, and $350 000 worth

of what was called land scrip—issued prior to 1900 at 10 cents on the

dollar and dissipated in promotion expenses—which was retired at

face value in cash or in exchange for water stock of the various Mutual

Water Companies .at market price at the most inopportune time,

namely, just before the water distributing system was completed in the

valley.

The contract recited that the California Development Company

owned, through .a subsidiary Mexican Company, 100 000 acres of land

in Mexico through which the canal must run. But for this representa

tion (which turned out to be untrue) the contract would assuredly

not have been made. The idea in reality was free to Mr. Chaffey, or

to any one else for that matter. Indeed, Mr. Chaffey, at the request

of Dr. Wozencraft, had considered the proposition in the early Eighties,

before the later promoters had even heard of it.

To say, therefore, that at this date (April, 1900) there was a

"practical change of management," that the engineering policy changed,

or that "original plans were not carried out," is to create an absolutely

erroneous impression. To quote Mr- Chaffey himself:

"I saw a way to accomplish the object with the means at my com

mand by disregarding the Rockwood Survey altogether, adopting an

other line by which the bank of the canal would be made to serve as a

levee to prevent the flood waters of the Colorado from finding their

way into the Alamo, and utilizing many miles of that natural channel

for the main canal." ■

This contract of Aptil 3d, 1900, provided that Mr. Chaffey was to

construct such canals as were necessary for the purpose of taking water

from the Colorado River just above the Mexican boundary line to

where the central main canal intersects the same boundary line in

Imperial Valley, "said canals to have a capacity sufficient to deliver

four hundred thousand acre-feet of water per annum at said last-

named point"; that no more money should be expended "than is neces
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sary in such construction"; that the construction cost of such canals

should not exceed $150 000; that such construction was to be "at actual

cost to first party" ; that Mr. Chaffey was td receive $12 000 per annum

salary for five years, payable when the Company was able to pay it.

and one-quarter of the Company's capital stock; and that he should

have charge of the Company's finances as well as its engineering works

during that period.

It is felt that the foregoing abstract of this contract will suffice to

indicate clearly its fairness, to say the least, to the Company.

From this date until the contract was terminated—April 3d, 1900,

to February, 1902—Mr. George Chaffey and associates furnished the

necessary money, and, dividing the engineering responsibility with no

other person, designed and built the diversion works and located and

constructed the main canal—including the Central Main west of

Sharps Heading and in the United States—as it exists to-day. During

this period he was assisted in the business management, in planning

the system of Mutual Water Companies—which system, by the way,

the author to the contrary notwithstanding, the California Supreme

Court, in the case of Thayer vs. California Development Company,

has recently not only held to be legal, but has highly commended—

and in making the tri-party contracts, by the writer and by Messrs.

L. M. Holt (who with Mr. Chaffey evolved in 1881 the first Mutual

Water Company ever incorporated, at Etiwanda, Cal.), N. W- Stowell

(who was the first to introduce concrete water conduits to irrigation

construction in California in 1878, and who had large experience with

irrigation works), and J. W. Swanwick, who was largely responsible

for the tri-party contracts.

A great deal has been stated in the public press and in governmental

reports—and Mr. Mead in his discussion (p. 1509) might easily be

understood by the careless reader as coinciding therewith—condemning

the California Development Company as an irresponsible corporation

at all times prior to the Southern Pacific Company's taking over the

management in June, 1905. This was far from being true during

the period when Mr. Chaffey was directing its affairs—April, 1900, to

February, 1902. The men just mentioned were those he associated

with him; all except the writer were unusually experienced in the

different phases of irrigation work and development, and financially

able to build the canal. Mr. Chaffey himself was a man of wide

experience gained in the practice of his profession of Civil and

Mechanical Engineer. Best known as the founder of Ontario, Cal.

(1883), he had founded Etiwanda, Cal. (1881), and had developed

the irrigation systems in both places to such a state that the visit of

a Royal Cofnmission from Australia in 1885, resulted in his proceeding

with his brother to that Country and establishing the irrigation dis
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tricts of Mildura and Renmark, both at this time populous and pros- Mr.
Ch&ffc

perous communities, conceded by all public men to be "the great object

lesson in irrigation for the rest of Australia." In 1882 Mr. Chaffey

produced the first electric current (generated by water-power) in

Southern California, and in 1884 lighted the City of Los Angeles with

electricity. A large number of the first settlers in the Imperial Valley

were actually from Etiwanda and Ontario; all were experienced irri-

gationists, and it is safe to say that 90% of them made their purchases

because they personally knew of Mr. Chaffey's previous successes.

The writer, of course, agrees with Mr. Mead that the State or

Nation should protect settlers on and investors in irrigation projects,

examine and approve engineering plans, etc., etc., and especially he

agrees with his comments regarding water right laws, the unfortunate

condition of which is responsible for most of the financial disasters

which have overtaken irrigation enterprises in the West, and of which

the California Development Company is, perhaps, the most notable

example. At the same time, it must be admitted that the greatest and

most rapid irrigation development the world has known is that respon

sible for what is known as Southern California, and the Government—

State and National—in no wise helped and not seldom added severe

handicaps. It is sometimes said that Southern California has been

built on "shoe strings"—certainly, many of its most successful enter

prises have been started with inadequate capital, on confidence in the

proponent's resourcefulness. Under such conditions, people are "live

wires" to a degree beyond the comprehension of officials and employees

of powerful corporations and of the State and National Governments.

Much of the resentment toward, and often unfair criticism of, the U. Si

Reclamation Service, by owners and officials of, and settlers under,

private irrigation undertakings had its beginnings in the attitude of

those who never need to consider for an instant financial arrangements,

discounting securities, etc., toward "flimsy" work and the twists and

turns of men driven to their wits' end when doing things with insuffi

cient capital. It is well enough to say "Don't try them if you cannot

get enough money to insure success." Such a policy would undoubt

edly prevent not a few failures ; but, on the other hand, by it the South

ern California of to-day would not have been for decades to come.

The Imperial Valley is possibly the most striking example of this.

In the first place, if the soil had been first examined by Government

experts instead of by practical farmers, the project would have been

condemned in toto and the region still original desert. Next, work

was begun with small capital in hand, and in 10 months' time,

and at the cost of less than $100 000, Mr. Chaffey put water into the

burning desert 60 miles away from the Colorado River, and along lines,

engineering, legal, and financial, which experience shows would have

meant large success to all (had the Government only kept its hands
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off), and by doing so realized the visions of the dreamers and the hopes

of the promoters who for half a century had dreamed and promoted,

and accomplished nothing. In less than 2 years, the Imperial Main

Canal, essentially as it is to-day—except the $75 000 head-gate at

Andrade—and more than 400 miles of distributing ditches, were com

pleted and the water was ready to turn on to 100 000 acres of land,

at a cost to the settlers averaging less than $10 an acre; and the capital

at hand was less than the promoters had expended in the hitherto vain

effort to get started. ••' ' .. ; • . .• •• •

. In contrast is the Government Yuma Project, with unlimited

capital: $3 000 000 initial appropriation and more than $3 000 000

later; time, 8 years; acreage, 100 000; cost, $70 per acre; bitter disap

pointment and heavy loss to settlers relying on Government estimates

as to money, and, more particularly, time required to complete the work.

As a part of the Yuma Project, Imperial Valley would now be in ex

actly the state it actually was in 1902—eleven years ago—as far as

development is concerned. In the meantime, in 1905, it was sending

out $5 000 000 worth of products, and at present more than $10 000 000

worth. The gain in time has more than paid all the real damage

per se done by the runaway river. • . • ,. . ' .'• . . •. .'h

As the author has pointed out, this misfortune would never have

occurred had it not been for numerous unnecessary and inexcusable

obstacles. For some of these there is possibly some excuse, or at least

explanation, but the soil survey and report was the most disastrous

and inexcusable of all. The space devoted to it by the author in his

paper is out of all proportion small compared to its significance, and

the facts about it should be elaborated somewhat.

As stated by the author, a few samples of soil from this region were

analyzed in 1893 by the Director of the California Experiment Sta

tion, University of California, Professor Hilgard, and again in 1896-97,

and also in 1900, when the Imperial Land Company began active

work. In the summer of 1901, the Bureau of Soils; U. S. Department

of Agriculture, requested the co-operation of the promotion companies

in making a study of and report on the soils of the Imperial Valley.

This was gladly given, and, on October 17th, Mr. J. Garnett Holmes,

of the Bureau staff, arrived and began work. Later, his immediate

superior, Thomas H. Means, M. Am. Soc. C. E., and others of the

Bureau, joined him, and on December 20th (in 63 days) the field work

was completed. It took only 3 weeks (January 10th, 1902) to issue

a preliminary report, "Circular No. 9," covering the 169 sq. miles of

territory which had been examined. Before this circular reached

California, an Associated Press dispatch from Washington advised

that:

"The condition of soils in the Colorado Desert in San Diego

County, as disclosed by a survey just completed by the Agricultural
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Department in the vicinity of the new irrigation plant at Imperial, Mr.
is reported to be 'much more serious than was anticipated.' This is Chaffey-

the expression used by Milton Whitney, Chief of the Bureau of Soils,

in a preliminary bulletin which he has deemed best to issue by way

of warning."

This refers to the report which the author says was "unfavorable,

* * * and calculated to deter sensible people from settling in the

region." This is a more than conservative way to put this matter,

as is shown by the single extract—by no means the strongest of many—

which the author quotes on page 1271.

In 1903 the U. S. Department of Agriculture, Bureau of Soils*

issued the "Soil Survey of the Imperial Area, California (Extending

the Survey of 1901), Advance Sheets of Field Operations of the

Bureau of Soils, 1903." This document, under the head of "Present

and Prospective Development," on page 31, makes the statement:

"The sole dependence of the people of the Imperial Area must al

ways be agriculture. * * * The source of wealth, therefore, is

limited to the soil, and to a greater extent than in almost any other

part of the country. Thus the problem confronting at least a part of

the farmers in most arid regions is here—where alkali is so generally

distributed in the soils and the conditions so unfavorable to reclama

tion—about as serious as it could well be.

*******

"The people of the Imperial country should recognize the fact that

aside from the general problem of securing water for irrigation they

have to solve perhaps the most serious agricultural problem of the arid

West. Here is found a most refractory soil, much of it impregnated

with alkali. The only way to benefit the land is to carry away the

salts. The application of gypsum cannot be of the slightest benefit.

Little or no benefit will be derived from running water across the land

with the expectation of flushing the alkali off the surface. * * *

The water must pass through the soil and find ready egress through

natural or artificial drainage ways!

"The quantity of salt taken out of the soil by alkali-resistant crops,

such as sorghum and sugar beets, is not appreciable, the benefit to the

soil in such cases resulting mainly from the prevention of evapora

tion at the surface through cultivation and from the leaching of the

salts into the subsoil by irrigation water. If the subsoil be practically

free from salt, as is often the case in arid regions, this vertical dis

tribution of the salts alone is often all that is necessary so to reclaim

the soil that sensitive crops can be grown. But it has been shown that

in the Colorado desert the subsoil is the greatest source of danger, so

that every bit of salt removed should be permanently removed. * * *

By far the greater extent of the soil of the valley is a sticky, plastic

loam or clay, through which water passes very slowly. The natural

drainage in the soil itself is very poor, and to be anything like adequate

it must be supplemented by artificial drains to carry off the ground
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Mr. water as the salts are •washed down from the surface. * * * Tile

Chaffey. (jrains are the best and in the end the most economical for draining

the land. They are, however, expensive, and the question is, will

it pay? . . •

*******

"That it will eventually pay to drain these lands there can be little

doubt, but in the present state of the country concerted action will be

difficult and individual effort futile."

In February, 1902, the University of California, College of Agri

culture Experiment Station, issued Bulletin No. 140, entitled "Lands

of the Colorado Delta in the Salton Basin." This bulletin gave essen

tially the same results of soil analyses, but was much more careful

in its comments, and on pages 50 and 51 gave crop reports from actual

settlers which were excellent. It also stated, after giving a list of native

plants from the Salton Basin, on page 44, as follows :

"The list of plants here given is notable for the absence of most

of the species considered elsewhere as prominent alkali indicators.

We miss at once the salt—or alkali—grass (Distichlis) ; the 'Grease-

wood' of Nevada (Sarcobatus) and that of the San Joaquin Valley

(Allenrolfea) ; the samphire (Saliscornea) ; and the tussock-grass

(Sporobolus arioids) * * *. But as a whole the collection made

does not speak of 'irreclaimable' alkali land so far as we know their

habits. * * * Taken as a whole, the native vegetation does not alto

gether confirm the unfavorable impression derived from the leaching of

the soil samples."

In addition to these soil reports, in January, 1902, several inter

views, written up in a sensational manner, appeared in the daily papers

in California, practically condemning the Valley and virtually warn

ing investors and settlers from the field. These were the most disastrous

of all in their effect on the enterprise.

Experience has proved that these reports were fundamentally wrong

in their conclusions, as less than one-half of 1% of the lands brought

under cultivation has failed to produce most satisfactory, indeed,

phenomenal crops. Nevertheless, the Government's publications were

such that the author's statement r "It seems certain that, had the

territory not been already settled in very large measure when these

reports were sent out, Imperial Valley would yet be unreclaimed"

(page 1271), is undoubtedly absolutely true.

The author is in error on page 1264 in referring to the elevation

of the bottom of the Chaffey head-gate. This structure was started

in March, 1901, and work was rushed as rapidly as possible. When

completed, its floor was 3 ft. below the river bottom, and, to make the

gate more secure, three 2 by 12-in. sand-boarda were put on the toe of

the A-frame, to be removed when the sand and silt became settled
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around the structure; there was no necessity for removing them while

Mr. Chaffey was directing affairs, and, later everybody apparently

forgot about them and they were never taken out, the idea thus obtain

ing that the floor of the gate was at the top of the sand-boards when

in reality it was much lower, and as low as it was possible to place it

that season. Working at high pressure against a rapidly rising river,

the head-gate was finished, and Mr. Chaffey himself turned the water

through it on May 14th, 1901.

Before leaving this subject, and in view of the controversy that has

raged regarding the necessity of the fatal cut in Mexico (made more

than 2 years after Mr. Chaffey had severed his connection with the

Company), it is interesting to note, from Government records, that the

old Imperial Canal, from the old intake, carried throughout the Sum

mer of 1904 and until October, 1904, when the Mexican Intake was cut,

more water than ever before, and quite enough to supply the users in

Imperial Valley^* • ; . . • . , •

The author's statement (p. 1255) that the initial price charged

for water stock was $5.75 is misleading. Those who purchased during

the construction period were given bonds of the California Develop

ment Company equal in amounts to their initial payments, bearing

5% interest and acceptable at their face, value for the last installments

on their notes. Hence, those paying $3.00 cash on their water stock

purchases got water rights at $5.75 per acre. Only $80 000, par

value, of the bonds were thus given out to water stock purchasers on

total sales of 50 000 shares in Imperial Water Companies Uos. 1 and

4, the settlers coming in having so little cash and speculators so little

faith that they could not or would not take full advantage of the

opportunity offered. , ' . • h • • .

The author is again in error as to the reasqns for the termination

of the five-year construction contract between Mr. Chaffey and the

California Development Company.; It was not because the former was

frightened out by the soil reports, but because it was found that the

power of attorney to vote, for five years, stock, which, with his own,

constituted a majority and control, was found ineffective on account

of the certificates not having been actually turned over. Success had

been achieved and these shares of stock began coming in for transfer.

It became a matter of buy or sell, and the original promoter's idea

of value was deemed to be too inflated, so Mr- Chaffey made the best

terms possible for his holdings and withdrew in February, 1902.

The author's outline of the Delta Investment Company and its

activities is also misleading, and in some respects entirely erroneous.

* S.e "Progr.ss Report of Str.am Measurements for th. Calenda. Y.ar 1904," by the
late W. B. Clapp, M. Am. So.. C. E., Water Supply and Irrigaoon Pape. No. 134, p. 27, and
compare with m.asu..m.nts in previous y.ars. , h • , \i . ,. , . ... ,h'
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Mr. The facts are that in the fall of 1901 it became apparent that the sales

Chaffey. o;£ water stock would not produce sufficient money for the work that

must be done, and Mr. Heber organized the Delta Investment Com

pany in the hope that by giving it a favorable contract to purchase

the bonds and mortgage notes of the California Development Company,

outside capital could be attracted to the new company. The Delta

Investment Company was launched with the consent and approval

of those owning or representing all the stock of the California Develop

ment Company. By the terms of this contract, the Delta Investment

Company agreed to purchase bonds and notes from the California

Development Company to the amount of $21 000 in cash per month

for twelve months, thus guaranteeing the California Development Com

pany $252 000 in cash, the amount estimated as absolutely necessary

to spend during the coming year in a permanent intake head-gate,

canals, and other necessary works. In consideration of this guaranty

the Delta Investment Company had the right for 12 months to pur

chase any or all of the bonds and mortgage notes of the California

Development Company at 50% of their face value.

As the whole enterprise was still considered by outsiders as an

experiment, and the banks of Los Angeles refused to concede any

value whatever to the Company's "securities" for loaning purposes, or

to purchase them outright at any figure at all, and the soil experts had

commenced giving out their unfavorable opinions, the only reasona

ble criticism of this contract is that it was unfair to the Delta Invest

ment Company and, consequently, unfair to those stockholders of the

California Development Company who were large stockholders in the

Delta Investment Company, in that it indirectly threw on them the

burden of financing the California Development Company without

adequate remuneration.

That the privilege of buying the bonds and mortgages at 50 cents

on the dollar did not prove especially attractive is best shown by the

fact that only a small fraction of the holdings of the California De

velopment Company changed hands under it during the 4 months it

was in operation. Mr. Cory, therefore, is correct in stating (p. 1260) :

"It must be admitted that the Delta Investment Company took over

such securities at a larger price than could have been obtained from any

other source," but quite incorrect in stating either that there were

"many" or "large" or "apparently dishonest" transactions between the

two corporations, or in giving the impression that it was a hardship

on the California Development Company to part with $2 in its so-

called "securities" for $1 in hard cash. As a matter of fact, the

California Development Company could well have afforded to be much

more liberal, and the writer knows that if any one had come into the
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office at that time with $252 000 in gold coin and offered it in exchange Mr.
for $1 000 000, face value, of the so-called "securities," there would chaffe

not have been a voice raised against taking the money, it was so

urgently needed. . , ,

Finally, the author is entirely mistaken in saying that March 1st

of that year found the California Development Company "with all its

bonds gone, its . collateral notes and mortgages largely depleted, no

money in the treasury, and deeply in debt." The facts are that at that

date: it had $47 000 of its bonds on hand, $525 000 of mortgage notes,

$235 000 of accounts receivable, besides lands, canals, machinery, equip

ment, etc., and unsold water stock estimated (at the selling price at that

time) to be worth $2 235 000, and its liabilities, including $453 000 of

bonds and deferred payments to Hanlon and Andrade, were less than

$500 000 ; in truth, from a few months after Mr. Chaffey started work,

the California Development Company never was without an ample sup

ply of mortgage notes and bonds in the treasury, but outsiders had

not sufficient faith in them to buy them for . cash. . • ■ .. . •

In view of what was accomplished in the 22 months ending Febru

ary, 1902, and the fact that some of the best men in Los Angeles

would have joined him and furnished large amounts of capital, pro

vided he had secured full control, it is doubtless safe to say that had

he taken control, instead of retiring from the company, there never

would have been any runaway Colorado River and the development of

the Valley would have been even much more rapid than it has been.

C. E. Grunsky, M. Am. Soc. C. E. (by letter).—The problems of Mr.
the Lower Colorado River have a wonderful charm. They are pre- Grun8'

sented by Mr. Cory in a most comprehensive and attractive way, and

he has done the Profession valuable service in putting on record and

making available for convenient reference the results of an experience

on river work which is unique in character arid magnitude.

So long as there was a fighting chance, in 1906 and 1907, the engi

neers under Mr. Cory's guidance and upon the wise determination

of Mr. Harriman were to keep up the fight. How the fight was won

has been well told by Mr. Cory. The writer takes pleasure in again

expressing his admiration of the able way in which the work was

handled.

At the outset, every one, so far as the writer knows, believed that

the work of making a closure in the fall of 1906 would be greatly

facilitated by the use of brush mattresses on which to dump the rock.

What the work , done on the Colorado in 1906 and 1907 has clearly

demonstrated is that, with adequate transportation facilities, a brush

mattress on which to drop the rock is not essential. It is only neces

sary to place the rock more rapidly than the water can undermine and

bury it.
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Mr. Without the spur track from the Southern Pacific main line down

uDsky. to ^ Mexican Heading, the first attempt to close the break

would have been a failure, and yet the writer recollects distinctly that

plans were under discussion for the beginning of this work, under

which reliance was to be placed on water transportation. The out

come has demonstrated clearly that, when such work is to be done,

every possible contingency should be foreseen so that every emergency

can be met properly. It was a wise precaution, too, to keep an equip

ment and a force on hand and available for repairs during the high

water of 1907, even though, as it turned out, they were not needed.

At that time the levees were new, and the river brought down an

unprecedented volume of water—a maximum of about 100 000 sec-ft.*

Naturally, it would be expected, therefore, that the levees had at once

been subjected to a severe test. This might have been the case if the

conditions on the lower river had remained as in years past; but they

had been undergoing a rapid change, with the result that the new

levee was only wet here and there, and there was no opportunity to

observe what might have happened if the water had been 3 or 4 ft. up

on the levee.

The writer made a special study of the problem of the Lower Colo

rado River for the Secretary of the Interior in the early summer of

1907, and his observations at that time and in the two preceding years

as Consulting Engineer in the U. S. Reclamati.n Service, together

with many years of familiarity with certain features of the river, are

the basis of the comments which are now prompted by Mr. Cory's paper.

As early as 1883, or thereabouts, Gen. G. W. Shanklin, at one time

State Surveyor General of California, and Mr.. Duncan Beaumont

called the writer's attention to the New River country, as a part of

the Imperial Valley was then called, and the desirability of making an

instrumental survey to see what could be done toward accomplishing

the irrigation of that valley was discussed. It was known at that time

that the only practicable route for a canal would be across Mexican

territory. The situation appeared to bo too complicated, and nothing

was done ; but the writer, from that day to this, has never lost interest

in the problem.

In 1896 the writer explored a portion of the Colorado River below

the Grand Canyon and confirmed the selection of a dam site at the

lower end of Iceberg Canyon, as the best available, in a long stretch

of river, for a low dam to be used in creating a fall for power. He

reported at that time that it would be feasible to construct a dam

of loose rock on a sand foundation by blanketing the bed of the river

for a considerable distance up and down stream with broken rock,

using large blocks for the down-stream portions of the work, allowing

* Errone.usly .stimated at 115 000 sec-ft. by the U. S. G..l.gical Surrey in Water

Supply Paper N.. 249.
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the water to bury these as deep as it would, and using finer material Mi-,
in the up-stream face, which would ultimately be made impervious Grunsl

or nearly so by the river silt. The plan of that day involved the com

plete turning of the Colorado over a low spur of the mountains. Mr.

Cory's experience at the Lower Mexican Heading confirms the feasi

bility of carrying out work of this character.

Several years later the writer was stationed for three months on

the Colorado a few miles above the mouth of the Virgin River, and had

additional opportunity for observation. At that time boilers were

to be set for mining operations, and brick was wanted. No clay de

posit could be found. The most promising mud-bar in the river was

sampled. The mud could be balled up and would crack somewhat in

drying. It was submitted to a chemist at San Francisco and reported

to be composed almost entirely of very fine silicious sand entirely

unfit for brick-making.

Above the Virgin River the water of the Colorado, at low and high

stages, carried a large quantity of this silt in suspension. ; This would

settle quickly when the water was dipped from the river in a glass,

and within a few seconds the water was clear enough to drink. There

was certainly comparatively little clay in the silt carried by the river

water at this point. This observation leads the writer to assume that

the main Colorado must be the principal source of the fine, light sedi

ment, other than clay, which the river carries to the delta, and ac

counts, too, for the preponderance of material of this character in the

river delta; it also makes it appear probable that the clays, bedded as

the author describes, probably have originated in other parts of the

river's water-shed. '. ■ „

During the low stage of the river, above the Virgin, the writer

had occasion to erect a mast or pole on a gravel bar for the support

of a cable. The gravel was unusually firm. It consisted of all sizes

from cobble-stones down, to sand, and in its dry condition appeared

to be almost cemented. The mast was erected and large boulders were

piled around it. When the river rose the gravel around the mast

became wet, softened, lost its cohesion, and acted very much like a

quicksand; the mast required additional support or it would have fallen.

A heavy crankshaft lying above the water on another portion of

the gravel bar commenced to sink into the gravel when this was wet

by the rising water, and was with difficulty supported until it could

be transferred to safer ground.

These facts are alluded to as a warning against placing too much

reliance on gravel for the facing of bank or levee slopes. The gravel,

in the case of the Colorado River levee, serves a most excellent pur

pose, and its use is not criticized, but gravel has no particular virtue

as a material for resisting the attack of a current, and will have but

little resisting power when used in spur dikes. It is an excellent
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pir. material, however, as in the case of the levees on the Mexican side
ruosky. Q£ ^ Colorado, for blanketing the levee, serving as a protection for

the earth slope against wind erosion, and checking to a laige extent

the activities of burrowing animals. '• ....

The Colorado below Yuma, as explained by Mr. Cory and as noted

by the writer in a paper presented to this Society in 1907, is flowing

down the slope of a delta cone. While undisturbed by human agency

its floods annually watered broad areas, and the rank vegetation which

sprang up on these areas was an effective barrier opposed by Nature

to the concentration of the river's flow along new channels, even

though some of the water going over-bank should long ago, if topog

raphy alone is considered, have cut out a new course for the river.

The river has been compelled by these restraining forces to hold for

more than 500 years to the course as geographers first knew it from

Yuma to the Gulf.* However, though the river, unaided, could not

break away from this general alignment, it swung back and forth,

within restricted limits, on an ever-changing serpentine course. The

river along the thread of the stream has a fall of about 1 ft. per mile,

and the average fall along the air line from Pilot Knob to the Gulf

is about 1J ft. per mile.

When attempts are made to confine a river of this character be

tween levees there is trouble. Under the attack of the river, the banks

will continue to break away, first at one point and then at another, and

no amount of care in the location and construction of levees can in

sure theni against destruction from this cause. To check the caving

bank is difficult and expensive, even when adequate facilities are at

command, as has been well set forth by Mr. Sellew. In ordinary cases,

it is out of the question to eliminate entirely this source of danger

to levees located comparatively near the river bank.

It is natural, then, that the levees in the case of such a river should

be set far back from the banks. In this location on the Colorado the

levee cuts off the river bends and, therefore, follows a line of greater

slope than the river. This is actually the case below Yuma, except

for the first long stretch below Pilot Knob, where the river is straight

for some 8 miles and the levees on each side are parallel with the stream

and comparatively near the banks. Pelow this straight reach, the

river channel, down to the Arizona boundary, is about 30 or 40% longer

than the levees on their present location (Plate LVI).

If the river rises above banks and water stands against these levees,

some barrier must be interposed to its flow if erosion at the base of

the levee is to be prevented. ., , ;

Even when constructed as was the original levee at the Lower Mexi

can Heading, with borrow-pits on the land side, the work of levee

" » Transa.oons,. AW. Soo. C. E., Val. LIX, p. .6.
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building gives more or less open space for the water on the river side Mr.

along the levee, and there will be concentration of flow there which

will rapidly cut channels in the light silt soil of the delta. The spur

dikes, as built by Mr. Cory, offer some obstruction to this flow, and

are of value under certain conditions; they have been of use during

such moderate bank submersions as have occurred since the levee was

built, but under a real test, with water 4 or 5 ft. on the bank, they

would serve to concentrate fall and would start local cutting which

might prove quite as dangerous as the general erosion due to uniform

flow along the levee. It may be stated in a general way that the

efficiency of such spurs for the same aggregate quantity of material

in them will ordinarily increase as distance between them is decreased.

While Consulting Engineer in the U. S. Reclamation Service and

adviser to the Secretary of the Interior, the writer reached the con

clusion that it would be hopeless to endeavor to carry out the proposed

scheme of building levees along the Gila River just above Yuma.

Levees along the banks of the Gila cannot be maintained short of an

expenditure for bank revetment which the value of all the land to be

there protected would not justify. The situation is somewhat more

favorable on the Colorado, which, owing to a lighter gradient, is less

erratic than the Gila, but there, also, the fact should be recognized that

it presents no ordinary problem.

The land to be protected on the Lower Colorado is of such extent

and of such fertility and potential value that there should be no

hesitancy in taking every step that may be necessary to bring the

Colorado under permanent control.

The Secretary of the Interior was advised by the writer in 1907

that the Colorado should be given permanent banks from Pilot Knob

about as far down as the Arizona boundary. He was advised that

this work might cost from $50 000 to $150 000 per mile of bank, involv

ing, as it would, permanent loose rock revetment of banks ; and that the

United States should be prepared for an expenditure of from $4 000 000

to $5 000 000, of which a portion should be contributed by Mexico be

cause the benefits of the work would accrue to Mexico as well as to

the United States. He was also advised that there should be created

at once an International Engineering Commission, with full power

to undertake the work of giving the river a permanent direct channel,

as indicated, and to give consideration to all other problems arising

on this stream. At the same time, the irrigation problems were re

viewed, and the need of an early action for the protection of the Im

perial Valley was pointed out.

At that time the Imperial Valley had to depend on a foreign corpo

ration, La Sociedad de Yrrigacion y Terrenos de la Baja California,

for protection against overflow and against complete and perma

nent submersion of the valley by the Colorado. It had to depend on
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this company, and it is still dependent thereon, for its irrigation

' water, which, after being diverted from the river in the United States,

is turned over to the Mexican Company by which it is re-delivered

into California. Such an arrangement needs the sanction and pro

tection of higher authority. The arrangement cannot be regarded as

entirely satisfactory until, under some treaty or other convention with

Mexico, the right of a diversion of Colorado River water through

Mexico is permanently assured to the people of the United States, and

the two countries acting in harmony adopt adequate measures for

keeping the Colorado out of Salton Basin.

Circumstances have favored the maintenance of the work done

on both sides of the Colorado prior to 1907 below Pilot Knob. In

that year the river carried more than the ordinary quantity of water;

but the delta had been dry for two seasons, the river banks were free

of grass and weeds, which had been largely burned off, and the over-

bank flow, therefore, was far in excess of what would have occurred

if the river had not been out of its natural course from 1905 to 1907,

and if well-watered banks had been covered with dense vegetation.

Due to its bare banks and to the consequent large over-bank flow at

low elevation, the river did not rise as high and there was not as

much water against the levees as there might otherwise have been.

Then, too, in the spring of 1907, the cutting off of Nigger Bend and

the shortening of the channel at that point by 2 or 3 miles had some

effect in lowering the high water as far up stream as Yuma, and then—

in 1909—came the relief at the Abejas. It may be assumed, therefore,

that the behavior of the levees on both sides of the river, in 1907 and

in the following seasons, is not a conclusive test of similar structures.

The writer inspected the levees on both sides of the river at high

water in 1907. On the west side the levee below the dams at the Lower

Mexican Heading had not been wet. At and near these two dams, com

pleted a few months before by Mr. Cory, where the borrow-pits were

on the land side, there was some seepage under the levees. Miniature,

pin-head, under-water volcanoes made this apparent to the eye. The

water in the borrow-pits was but little lower than in the river, conse

quently this seepage was caused by a pressure head of only a few feet.

No doubt, it would have increased somewhat with a rise in the river.

It was the result of the slow movement of the soil-water inland from

the river.

On the Arizona side the borrow-pits were carrying a small quantity

of water; they were not bank full. The abatis work across the borrow-

pits appeared to be catching considerable trash, and each barrier of

this kind checked in some measure the velocity of flow for a short

distance up stream, but gave the impression that under ordinary con

ditions of bank submersion such structures would have been quickly

cut out by the water passing around their ends. The writer was not
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impressed with their efficiency, although they undoubtedly did some

good under the conditions which prevailed in 1907.

In 1910 the writer again had an opportunity to inspect the levee

on the west side of the Colorado, and noted that where the checker

board arrangement of borrow-pits had been adopted the spill from

one into the next, even with very slight river bank submersion, had

caused some channel cutting, making clearly apparent an inherent

weakness of this arrangement.

After a number of favorable seasons these outside borrow-pits will

to a large extent be refilled with sediment from the river. If located

close to the bank and on ho greater slope than the river, the refilling

of such pits along such a river as the Colorado may occur quite rapidly.

Until thus refilled and overgrown with vegetation, they are, to almost

the same extent as a continuous borrow-pit, a menace to the integrity

of the levee whenever the latter follows an alignment along which

there is an excessive fall, as is the case on the Colorado with the

Paredones levee and with those above and below the Abejas.

In reporting to the Secretary of the Interior on the matter of

river treatment, the desirability of using hydraulic dredges in the

construction of the levees was referred to by the writer, and he still

believes that, wherever the location will permit, the bulk of the levee

work on the Colorado should be done by this method. The first work

would then be the excavation of an ample trench, the material from

which would form the river side restraining embankment for the

hydraulic fill. The hydraulic fill would then be deposited in the rear

of this, refilling the trench and bringing up to the desired height an

embankment so wide of base that underflow through cracked soil and

through burrows would be made impossible.

The writer is of the opinion that the control of the Colorado be

tween permanently fixed banks should not be projected beyond some

agreed point near the Arizona boundary line. If the river is kept

on a proper alignment down to that point, it can wander about over

a large lower portion of the delta without menace to the Imperial Val

ley. It will , then, as it does to-day, send its waters, at least in large

part, into the Volcano Lake region, and will warp up first one and

then another section of its lower delta region. In the far future, then,

the time may come when complete control to the Gulf can be economi

cally justified.

If controlled mainly by giving the river, a direct alignment between

permanent, well-protected banks, supplemented with levees, as far

down stream as here indicated, the protection of the Imperial Valley

and the whole Alamo and New River country will be complete, if the

cross-levee to the northward of Volcano Lake from the base of the

Cocopah Mountains to the Colorado at the Lower Mexican Heading
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and up the river to Pilot Knob be brought up to proper height and

' be protected adequately, particularly against wave action.

The writer desires to note that the various estimates of flow of the

Colorado, even those based on gaugings, are to be accepted with cau

tion. Some additional information relating to methods of gauging

should be given before these estimates are accepted as conclusive. This

applies particularly to the measurements made at the river's high stages.

It is understood that some special precautions are now being taken

to insure accuracy of soundings and the correct placing of the cur

rent meter at the intended depth; but in 1907 the writer knows that

this was not done, and that the maxima then recorded are too great

by from 15 to 20 per cent.

The two-point method of gauging was at that time used. The

gauging was made from a car supported by a cable. In mid-stream

the car was from 5 to 8 ft. above the water surface. A sounding was

made immediately before the velocity was measured. The heavy sound

ing lead was lowered from the car to the water surface and a reading

of the paid-out line was taken. Then it was lowered to the bottom

of the river and another reading was taken, the difference between

the two being recorded as the depth. No allowance was made for

the line swinging out of the vertical, due to the force of the current,

which was about 7 ft. per sec. in mid-stream. By observation from

shore on June 24th, 1907, the correction to be applied to the recorded

mid-stream depth of 45 ft. was found to be about 6 ft. The recorded

depth determined the required immersion of the current meter. When

the meter was supposed to be at one-fifth depth, or 9 ft. below the

surface, it was in reality barely below the surface ; and when it was

supposed to be at four-fifths depth, it was but little deeper. The only

value of the velocity measurements as made lies in the fact that they

can be used to determine surface velocity. They were recorded, how

ever, as applying to the two-fifths and four-fifths points, with a result

ing over-estimate of mean velocity. In this particular case the recorded

discharge should be reduced 15% to give approximately the flow of

the river on that day.

The errors of observation as above noted were, of course, called to

the attention of the Reclamation Service and the United States Geo

logical Survey, but no correction has been applied, and the writer does

not know how long such methods of gauging were maintained at that

station.

In Water Supply Paper No. 249 of the U. S. Geological Survey,

page 45, the discharge is noted for June 24th, 1907, at 112 000 sec-ft.

Of this quantity 11 000 sec-ft. were flowing in the north channel of

the river and 101 000 sec-ft. were recorded for the main stream. Ac

cording to a proper interpretation of the measurements on that day,

the main stream carried only 86 000 sec-ft., and probably somewhat
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less: The aggregate discharge for that day should have been noted Mr.
at 97 000 sec-ft., instead of 112 000 sec-ft. The error in the main (Jrunsl

stream gauging was about 17%, or the recorded main stream flow

should be reduced 15 per cent. The same correction should undoubt

edly apply to the entire period in 1907 during which the river was at

or near its highest stage. The writer has no information as to whether

the same method of gauging was still in use in 1909. If it was, there

can be no doubt that in that year, also, there must have been a con

siderable over-estimate of discharge.

Mr. Cory is right in his conclusion that the construction of reser

voirs within the water-shed of the Colorado will have some beneficial

effect in equalizing the stream flow and in reducing the maximum

discharge. It is immaterial whether or not the storage possibilities

have been over-estimated. This can only affect the extent of the

reservoir influence; and yet, whatever this may be, it will not change

the river problem, except as to its magnitude. The river will still

have its varying volume of flow. Its channel will adjust itself to the

new conditions. The same lack of channel capacity will be felt at

high stages on the lower river as is felt to-day, and the same problem

of keeping the delta channels of the river on the Gulf slope will con

front the river engineers of the future as confronts those of to-day,

except only that there will be somewhat less water and correspondingly

less silt to be reckoned with.

Perhaps a word should be said about the Laguna Weir. The

change in the original design from a paving with large blocks of rock

to a paving with concrete was due to the fact that the granite which

had to be removed at each end for the sluice-ways was not of a char

acter which could be used for this paving work. It was anticipated

by the engineers who designed and approved the structure that the

granite at the "Lagunas" which appeared to be disintegrated and rotten

at the exposed surface would be of good quality when cut into; but,

as the work progressed, it was found that the hills afforded very little

sound rock within the limits of the prescribed excavation, and that

at the best quarry sites near the weir only a small proportion of the

rock was suitable for paving. This situation was carefully considered

before a modification of plans was recommended by the Board of

Consulting Engineers which had this matter under consideration in

1906.

The writer, though not desiring to criticize unfavorably the works

which have been carried out at Laguna for the diversion of water

into two canals, one on each side of the river, has never been in full

accord with the general arrangement of the structures at that point.

The plans for these structures were approved before he had anything

to do with the Reclamation Service, and no one is more pleased to

learn that they axe rendering satisfactory service. Nevertheless, he
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Mr. would call attention to the fact that the decrease of depth of overflew
Gninsky. Qver such a 8tructure, resulting from its great crest length, 4 700 ft.,

is not necessarily of sufficient importance to outweigh the disadvantages

that will result from the use of a dam with so long an overfall crest.

The storage of silt in the reservoir space above the dam, in the case

of such a river as the Colorado, is of no importance. This space,

except for a channel of ordinary width leading to the sluice-gates, is

soon filled with silt and overgrown with willows and cottonwoods.

There is a strong tendency for drift to lodge, and, within a few years,

there may be such obstruction to a concentrated flow in lines parallel

to the original course of the river that it may be difficult to keep the

waterways open to the two ends of the weir without permitting one

or the other to parallel and endanger the structure. The conditions

at the weir, in a few years, may be such that water will go over it

at uneven depth, and, in that event, the great length will fail to

accomplish fully the desired purpose. At any rate, there will be

trouble from time to time in keeping the water on a proper course

to the two ends of the dam. The removal of silt which the sluice

gates will permit is dependent on the depth of the sluice-ways below

the sills of the canals. The silt which the river will deposit in the large

channel leading to a sluice-way, while the water is forced to rise to

the crest of the dam, can of course be sluiced out from time to time

by opening the gates, but this will be restricted to the deposit in a

channel. It is not the accumulation in a reservoir, and this fact should

not be lost sight of in planning such structures. Even this, however,

may be worth while. The writer believes that the river should have

been forced into a definite position above the weir by making a section

thereof, probably 800 ft., a few feet lower than the rest of the structure

and then arranging flanking walls to be overtopped at highest stages

of the river and to serve as training walls of the large-capacity channels

leading to the sluice-gates, which would, as at present, serve to keep

the channel open to the head-gates. One great advantage of such an

arrangement would be the concentration and depth of flow necessary

to carry drift of whatever size over the dam.

Mr. Clarence K. Clarke, Esq.* (by letter).—Although this paper and

' Mr. Sellew's discussion of some phases of the subject seem to have

covered the ground quite thoroughly, it appears to the writer that

room remains for a few statements of fact concerning the "rough and

ready methods" of dealing with the river which Mr. Sellew does not

accept as a solution of the engineering problems pertaining to the

subject.

Being one of the men referred to by Mr. Sellew as "red-blooded

fighters, who did not know when they were whipped, but * * *

* Chf. Engr., Pal. Verde Mutual Wat.r C..
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fought on to victory unmindful of its coat," the writer desires to cor- c^f^

rect an erroneous impression. The crevasse in the river bank and

levee in 1907 was closed by railroad men, who used methods with which

they were familiar; they tried no experiments and devised no new

engineering practice. They knew they were not whipped at any

stage of the game, and they kept at the job because, they had done

the same thing on a smaller scale many times and were confident of

ultimate success.

The use of the water of the Colorado for the irrigation of land

creates the problem of control. There is no other reason for sub

jecting that river to control. The problem, so-called, as the writer sees

it, presents three phases: 1, direction of the flow of the river and

control of its meanders, involving bank protection; 2, exclusion of

overflow water, by levees, from land susceptible of reclamation and

irrigation; 3, safe and certain diversion of water from the river into

irrigation canals.

The Lower Colorado has no fixed channel, because of the character

of the soil, which is a deposit of silt, readily eroded. The current

swings back and forth, cutting the banks and changing the meander

line, and an apparently insignificant obstruction sometimes causes

shifting of the channel for miles. A sudden shift of the channel from

one bank to the other may leave a canal intake dry and put an

irrigation system out of business. It may cut across a tongue of land,

changing a wide bend into a tangent and forming a new bend lower

down. Therefore, one factor of the problem is the maintenance of a

defined course of the river between permanent banks. That may be

accomplished by adequate protection of the banks and control of the

meanders. It is advisable and feasible to straighten the course of the

river at some points, and by increasing its velocity, to check its ten

dency to swing from side to side. The shortening of the river, re

sulting from the elimination of many horse-shoe bends, would increase

the scouring action of floods and their silt-carrying capacity, and

greater volumes of sand and silt would be transported to the lower

delta and deposited there, building up large areas of land and ac

celerating the work that the river has been doing for ages. By the

control of the lower river, the floods could be diverted into the basin

of the Laguna Salada, and that shallow basin could be converted by

silt deposit into an arable and fertile valley. In time, of course, the

deposition of silt would work back, and the normal grade of the

river would be re-established, necessitating the adaptation of levees

to the new condition.

It is the writer's purpose to point out that this is not a problem

calling for the invention of new methods of river control.

Bank Revetment.—Effective bank protection can be provided most

readily and economically by laying a railroad track on the top of a
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levee; and, as other writers have suggested, it may be applied in sec

tions as needed. That tracks on the levees along the Lower Colorado

are indispensable to their maintenance and the defence of the banks

against undercutting attacks by the river, has been the writer's fixed

conviction since his first experience with the river, and he notes with

gratification that Mr. Sellew has revised his former opinion on the

subject and concluded that the railroad track facilitates the work of

levee protection to a degree that more than offsets the cheapness of the

methods heretofore used by the Reclamation Service on the Colorado.

Having the "firing line" established by the track on the levee, it

is important to provide an abundant supply of "ammunition" and

means of rushing it to "the front." Quarries and gravel pits are

opened, and are equipped with derricks to handle large rock, and steam

shovels to handle small rock and gravel. When the river begins bank

cutting and threatents to undercut the levee, train loads of gravel and

rock are taken to the point of attack and dumped at the toe of the

levee. Gravel is dumped first in order that it may underlie the heavy

rock and prevent the sluicing out of silt and sand where the rock lies

on the bottom. When the bank caves, the rock on the berm falls into

the trench dredged for it by the river, and if the scouring continues

and the trench is deepened, more rock is dumped to reinforce the

revetment and raise it to the crest of the levee. Small rock and steam-

shovel material serve to fill and face the revetment. When such

revetment has dropped to the river's lower scour plane and has been

completed by proper reinforcement, the work of bank protection at

that point is done permanently, and the levee thenceforth is safe

from undercutting.

An illustration of this method of bank revetment was the saving

of a section of the C. D. Co. levee, as a part of the work of closing

the break with what Mr. Cory calls the Clarke Dam, in January, 1907.

The river swung in against the levee north of the break and threatened

to destroy 1 400 ft. of the embankment and widen the crevasse from

2 600 to 4 000 ft. The width of the berm between the toe of the levee

and the bank varied from 30 to 50 ft. for the greater part of the 1 400

ft., but near the north end of the section the current had washed away

most of the berm, and in the bight the water was close to the toe of

the levee. To divert the current from this bight, a jetty 90 ft. long

was built out from the upper side. The jetty consisted of two rows of

piling, 5 ft. between rows and 8 ft. between piles in the row, the piles

being "staggered" or alternated. The piles were 40 ft. long, and were

driven in 26 ft. of water. Before the completion of the jetty, the

discharge of the river was increased to 40 000 sec-ft. by a freshet in the

Gila. Gila freshets carry great volumes of heavy silt in suspension,

and this material drops readily when the velocity of the current is

checked. It was not necessary to oppose any other barrier or baffle
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than the piles to this heavily laden flood, and no brush was placed Mr.

in the jetty. Eight days after the completion of the jetty, the river Clarke-

discharge fell to 15 000 sec-ft., and a bar was exposed on each side

of the jetty and extending 13J ft. beyond its outer end, where the water

had been 26 ft. deep. The rapid formation of the bar was due to the

Gila silt. To accomplish similar results with Colorado River water

alone, more obstruction, in the form of fascines or wire entanglements,

would be required, and the process of bar formation would be slower.
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PLAN SHOWING METHOD OF DEFENDING LEVEE AGAINST ATTACK BY RIVER
DURING CLOSURE OF COLORADO RIVER CREVASSE BY S.P.R.R. ENGINEERS IN 1907

Fig. 85.

When the jetty was built, the levee embankment was widened

toward the river with gravel and rock, the track was moved to the

extended fill, and large quantities of gravel and rock were unloaded,

covering the berm to a width of from 8 to 10 ft. from the toe of the
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Mr. levee. As the river cut away the hank and deposited the gravel and

larke. T0C^r at the bottom, where the material was needed, more rock was

unloaded. The depth of water at the bank, when the cutting began,

was from 20 to 25 ft. This depth increased to 42 ft. as the river

dredged a trench, and at that depth the scouring action ceased. When

the revetment was completed and the 1 400-ft. section of levee had been

protected, the height from river bottom to base of rail on the levee

was 51 ft. 1
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Gravel is a factor of vital importance in this method of placing

rock on a sand or silt bottom, a detail which appears to have escaped

the notice of some of the "innocent bystanders," who watched the

closure of the crevasse and predicted utter failure of the work. The

plan of providing revetment material at a threatened point and leaving

to the river the work of dredging a trench and placing the rock, has

been approved recently in a practical way by so eminent a river engi
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neer as Mr. Sellew, who used the method last year in defending one

of his levees from attack. As he does not refer to the use of gravel

as a bed for rock revetment, presumably that essential detail of the

method was omitted. . • .

This method of bank protection, however, is no innovation, and,

in his application to the closure of the Colorado crevasse of practice

that is old to "firing-line" railroad engineers in the West, the writer

cannot lay claim to originality. He used the same method on the

San Pedro River, between Benson and Fairbank, in Arizona, many

years ago. In 1891, the roadbed of the Northern Pacific along the

Puyallup River, in Washington, was protected in identically the same

way within less than 4 miles of the Tacoma depot, where doubtless

many "innocent bystanders" observed the work.

Control of the River.—The general application of this system of

revetment to the banks of the Lower Colorado, in the writer's opinion,

would solve, simply and at comparatively low cost, the problem of keep

ing the river within defined bounds and protecting levees against

undercutting between flood seasons. Combined with the straightening

and shortening of the river's course and control of the meanders, this

revetment of banks would increase the efficiency of the channel. Trees

and other obstructive growth on the bars and flats would be removed

by the river itself, and its carrying capacity would be sufficient

eventually to take care of floods.

Experience has demonstrated that the revetment here described,

consisting of gravel and rock, and placed from the lowest scour plane

to the crest of the levee, constitutes a permanent barrier and solves

the problem of control of the Colorado.

The resulting rock-reveted permanent barrier would be similar in

all essential features to that contemplated in the suggested plan of

river control attributed to Gen. Marshall, which involves the excava

tion of a trench to the ascertained scour line by the use of dredges or

power shovels.

A serious objection to the suggested plan referred to is that it would

be applied without reference to immediate need for defense, and would

entail large expenditure for dredging and revetment where protection

might not be required for many years. The cost of excavating trenches

to the scour line, along both banks of the Lower Colorado, with

dredges, would be enormous, and it has been demonstrated that such

expenditure is quite unnecessary. The river can be depended on to

do all the dredging and to place the gravel and rock at the bottom of

the trench. ...

Only the National Government could or should undertake the task

of controlling the Colorado, as it has prosecuted the work of protect

ing lands along the Mississippi against inundation. The first step

in the project obviously would be to construct levees along both banks
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and lay tracks thereon. During the progress of this work, gravel and

'" rock quarries should be opened and equipped with the requisite load

ing appliances, and cars should be provided to carry the material to

the front. In case of attack on the levees by the river, material would

be sent to the threatened points, and the work of permanent revet

ment would be done at those points. After the completion of the levees,

the means and material for revetment would be kept in readiness;

during each flood season the river would be observed vigilantly; and

every attack on the levees would be met promptly.

This method would distribute the work over many years. Con

ceivably, 50 years or more might pass before the banks would be reveted

throughout the course of the lower river, but during that time the

stream would be virtually under control. The cost also would be dis

tributed, and no very great expenditure probably would be called for

in any one season. The ultimate result would be absolute control of

the river between permanent barriers defining its course.

Control of Meanders.—Emergency methods of control of meanders

and of the direction of the channel, used on the Colorado, are simple

and comparatively inexpensive, and may be applied by settlers to the

temporary protection of their riparian lands. The writer had occasion

to resort to these methods in January, 1913, for preservation of the

flow of water through the intake of the Palo Verde Valley irrigation

system.

The Palo Verde intake is cut through a rock projection into the

lower part of a wide bend in the river. The river developed a tendency

to cut across the bend by the chord of the meander arc, and, if un

checked, the channel would shift toward the Arizona shore, and leave

a wide bar in front of the intake. This tendency was shown in the

cutting away of the nose of a bar that extended from the Arizona or

eastern shore to about the middle of the bend, and it was necessary

that the bar should be maintained. This was accomplished by driving

posts and placing fascines and sand bags on the point of the bar.

A fascine jetty was built out from the Arizona bank, 1J miles above

the bar, and pointing down stream at an angle which would direct

the current into the bend above the intake. The cost of this work was

small, and the effect was all that was required. The channel was kept

in the bend close to shore, and the supply of water through the intake

was assured for the season.

By similar means, when the river begins cutting the bank and

threatening destruction to lands or levees, a bank-caving current may

be converted readily into a silt-depositing eddy. Fascine jetties—rows

of driven posts with bundles of brush placed between them and

anchored with sand bags—may be built quickly by the farmers, and

danger may be averted if detected early and if the remedy be applied

at the first indication of trouble. Such temporary defences are avail
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able in advance of the permanent system of protection, consisting of

levees, railroad tracks, and rock revetment, and may be built by

intelligent farmers without the aid of engineers.

Levee Construction.—The writer did not participate in the ex

haustive discussion of the relative merits of river-side and land-side

borrow-pits in levee construction on the Colorado, which followed the

failure of Col. Ockerson's levees and was carried on recently by many

engineers in the technical press. The subject having been reopened

by Mr. Cory and Mr. Sellew, however, it seems pertinent to call at

tention to a few facts which have been overlooked or ignored by both.

Mr. Cory explains clearly and correctly the failure of the levee

below the Hind Dam in December, 1906, which was due solely to the

absence of a muck-ditch under the levee. He gives reasons for the

omission of the muck-ditch, chief of which was the supposed necessity

for confining expenditure, as closely as possible, to the repair of the

break. Mr. Cory says the desirability of muck-ditching was fully

realized, and it was a part of the original design, but because levees

had been built without muck-ditches on the Colorado, and some one

advanced the theory that a cracked adobe foundation would be made

tight by pressure when wet, the vital necessity of muck-ditching was

not recognized, and the builders of the levee decided to "take a

chance." The theory of the closing of adobe cracks proved unsound.

Water followed the cracks under the levee and caused the break.

Mr. Sellew admits that water did go under the levee because of the

absence of a muck-ditch, but he contends that "the damage caused

by a head of 15 in. against the levee was due primarily to the presence

of land-side borrow-pits."

The borrow-pits, 3 ft. deep, were separated from the levee by a

berm 40 ft. wide, and it is manifestly absurd to assert that there

could be any relation between the pits and a 15-in. head against the

levee. The pressure angle of the greatest head against any levee on

the river would not reach the pit. According to Mr. Sellew's theory,

an inside borrow-pit i mile back of the levee would increase the static

head and cause failure of the work. Mr. Cory left an opening for

attack when he said the increased total head was "the only pertinent

objection to land-side borrow-pits." Experience has demonstrated,

however, that the objection is impertinent, irrelevant, and immaterial.

No land-side borrow-pit levee, properly muck-ditched, on the Colorado,

has been broken or even damaged by the river, but every river-side

borrow-pit levee has been breached or destroyed, and every flood season

since levees were first built on the river has seen a strenuous fight to

maintain them. The river-side borrow-pits are invitations to the river

to side-wipe the levees with currents of eroding velocity, and a levee

not blanketed heavily with gravel, or rip-rapped with rock or mat

tresses, melts away like a bank of salt. Every levee breach has been
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M.. caused by current erosion, not by static head or pressure. No levee has
ar been pushed over by the river.

"Last Word" on Borrow-Pits.—Quoting from Mr. Sellew's dis

cussion, page 1482 :

"Regarding the advantages and disadvantages of land-side and

river-side borrow-pits, the writer has fully expressed himself, so that it

is not necessary to comment further. Particularly is this so when the

author [Mr. C.ry] states that he 'realized that this [land-side borrow-

pits] was not in accordance with the usual practice.' "

The implication that Mr. Cory confessed judgment against the

land-side borrow-pit and yielded every point to Mr. Sellew in the

argument, seems to the writer no more than a verbal quibble. A prac

tice may be "usual" and still not the best possible under all conditions.

Doubtless there is satisfaction in the belief that one has routed

all opponents in argument and said the last word on a debated sub

ject, but it does not appear to the writer that any one of the eminent

engineers engaged in the borrow-pit discussion has warrant for "laying

that flattering unction to his soul."

It might be inferred from Mr. Cory's statement, that the land-side

borrow-pit method of constructing the C. D. Co. levees in 1906-07 was

"decided on after careful consideration of the advantages and dis

advantages," that there was doubt on the subject in the minds of the

men on the job. The matter may have been—in fact was—debated

persistently by the "innocent bystanders," but there never was any

question of methods in the minds of the railroad "firing-line" en

gineers having direct charge of construction. It is and has been for

years, not only the usual practice, but the invariable rule of railroad

engineers in the West, that nothing between an embankment and a

river shall be disturbed. The protection afforded by earth in place

and by trees and brush must be maintained intact. That was why the

land-side borrow-pit system of construction was adopted as a matter

of course. It was followed until the bystanders, tired perhaps of

being innocent, got themselves appointed as a "consulting board" and

after two attempts succeeded in getting an imperative order from

financial headquarters to the engineers on the job to conform to the

usual practice of the levee builders on the Yuma Project. Had they

succeeded earlier, the levee could not have been built at all during the

flood period. From the moment the water came over the river

bank, work of any sort on the river side of the levees was impossible.

Experience in railroad construction and maintenance in regions

subject to floods, in the building of dams and levees in the Delta of

the Colorado and in the Palo Verde Valley, and in the control and

maintenance of irrigation canals of large capacity, has left the writer

in no doubt concerning the essential principles of levee construction

on the Lower Colorado River.



DISCUSSION ON IRRIGATION AND RIVEE CONTROL 1551

The first requisite pertaining to the location of a levee in this Mr.

region is a careful underground survey to determine the sort of - r

material to be encountered in excavation for muck-ditches. Large

deposits of unfit material, such as adobe, heavily alkaline soil, and cer

tain kinds of sand, must be avoided by detours. Seepage is the only

factor detrimental to the land-side borrow-pit plan, and that is to

be eliminated by the muck-ditch. The theoretical additional head

against the levee, due to a borrow-pit 40 ft. in the rear of the levee,

is a negligible factor. Under conditions actually encountered on the

Colorado, there is not any additional head, either in fact or in theory.

That objection to the land-side borrow-pit is not even theoretically

plausible.

Essential Features.—The essential features of efficient levee con

struction on the Lower Colorado are: location avoiding bad ground

and careful muck-ditching to exclude seepage; land-side borrow-pits,

leaving all natural protection on the river side undisturbed; gravel

blanket to resist erosion and to minimize attacks by burrowing ani

mals; railroad tracks on top of the levee to facilitate maintenance

and to make possible the protection of banks and levees by permanent

rock revetment.

Mr. Sellew is unquestionably right in his conclusions :

"That in their present state, the levees are at the mercy of the

meanders of the stream, except throughout those portions where a

railroad occupies the levee top" ; and, "That bank revetment, perma

nent in character and reasonable in cost, when compared with other

methods, can be readily and quickly accomplished with rock placed

from railroad trains operated on the levee tops and connecting with

existing quarries which are within a reasonable distance."

The first conclusion is sustained by the history of all the Colorado

levees, and the correctness of the second was demonstrated clearly in

1907 by the holding of the 1 400-ft. section of levee against the attack

by a flood of 40 000 sec-ft. at the time of the last closure. The per

manency of rock revetment thus constructed, however, depends on the

placing of gravel as a bed for the rock. That is a vital detail of the

method.

In rip-rapping levees and reveting the banks at the toes, in the

opinion of the writer, grading to uniform slope is not only unnecessary,

but inadvisable. It is better to place the gravel and rock on the natu

ral ground. Setting rip-rap by hand on the face of a levee makes a

neat looking job, but it is needlessly expensive, and the protection is

less effective than that secured by the gravel and rock method.

Before leaving, finally, the subject of closure of the crevasses and

the preservation of Imperial Valley in 1906-07, the writer desires to

put on record the fact that the accomplishment of the work was due

primarily and exclusively to the independent judgment and courage
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Mr. of Mr. Harriman, who persisted in his belief that the breaks could be

" closed, and his determination to close them in the face of opposition,

and regardless of the positive assertions of a host of eminent engineers

that closure was a physical impossibility.

Submerged Weir.—Mr. Cory has described briefly the submerged

rock weir placed across the river at the intake of the Imperial Valley

Canal in the summer of 1910, and has mentioned its unexpected sta

bility and durability. Mr. Sellew does not discuss the weir or its

effects directly, possibly because he did not view its construction with

favor, but his comment on Mr. Cory's statement concerning the perma

nency and efficacy of rock fill in the crevasses has bearing on the sub

ject. Of the rock fill Mr. Sellew says:

"How it would act as an overflow weir, carrying 150 000 sec-ft.,

even if covered with concrete, is problematical. In addition to a con

crete top, crest and foot-walls appear to be necessary to prevent the

top from being undermined, and, if these are provided, the resulting

structure will not differ materially from Laguna Dam either in design

or cost."

This is a case in which accomplished facts fail to justify specula

tive theory, and it appears to be in order for the writer, as the builder

of the weir, to state the facts and show the actual effects of the

installation.

Construction of . the weir was necessary because of the recession of

the bed of the river, following the diversion of all its flow into the

Abejas channel, and because of the lack of a powerful dredge to keep

the floor of the 1 900-ft. intake from the river to Hanlon gate as low as

the sill of the gate. The discharge of the river was diminishing, and

danger of complete diversion of the channel from the intake was immi

nent. The placing of a weir to check recession and direct the current

was the only practicable rapid method of returning the water to the

canal and saving a $6 000 000 crop in Imperial Valley.

A trestle, 960 ft. long, composed of four-pile bents, 15 ft. between

centers, was built across the river, below the intake, to the Arizona

shore, at an angle of approximately 70°, the Arizona end being the

farther up stream. Caps, stringers, ties, and rails were placed on the

structure, and steam-shovel rock from the adjoining quarry was dumped

from the trestle and spread to a width of 50 ft. No brush at all was

used, and no derrick rock was dumped. As the weir was designed to

be temporary, no gravel was placed either before or with the rock.

The discharge of the river during the progress of the work was about

9 000 sec-ft.

The weir was constructed in 21 days, at a cost of $22,500, of which

amount $4 000 was recovered in salvage of rails, ties, stringers, and

caps. The quantity of rock used was 12 800 cu. yd., of which 9 600

cu. yd. were placed in the weir, the rest being used to revet the banks
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and raise a spur track above the high-water mark of 1909. The angle rr.

of the weir to the current served to point the channel to the California

shore, and also served other purposes familiar to "firing-line" railroad

engineers.

The weir arrested the recession of the river bed, turned the water

into the intake, averted a water shortage in the Imperial irrigation

system, and saved to the farmers of Imperial Valley crops worth

$6 000 000 or $7 000 000. Also, the successful construction and opera

tion of the weir demonstrated that the farms of Yuma Valley, dried

out and virtually abandoned for 5 or 6 years, could have been watered

at small expense, and could have produced and marketed crops to the

value of $1 000 000 a year while awaiting the completion of those

great engineering monuments, the Laguna Dam and the Colorado

River Siphon. It is evident that the lands of Yuma, Cibola, and

Parker Valleys can be provided with water by the construction of

weirs, and brought under cultivation at nominal expense.

Although the piling of the trestle was cut off above the rock fill

and removed in the spring of 1911, the rock weir remained in place.

How such a fill would stand an overpour of 150 000 sec-ft., even with

out a concrete top, is not problematical in any sense. The weir at the

intake has endured two freshets, one of 150 000 sec-ft. and the largest

on record, and it still remains. It has neither crest, core, nor foot-

wall of concrete, and it is not covered with concrete, but its top has

not been undermined. It differs radically and widely from Laguna

Dam in design and cost, but its function is the same. A permanent

rock-fill weir, built with gravel, large rock, and steam-shovel rock, and

having a cross-section width of 200 ft. on the bottom, certainly would

stand any overpour that the Colorado could muster, and its cost would

be comparatively small.

Useless Dredging.—Although the work of a dredge in the intake

above the concrete gate was of material aid in getting an adequate

supply of water to the canal, the writer cannot concur in the opinion

that the operation of the dredge Imperial below the gate was of the

slightest efficacy or value at any time. The dredge has dug a

hole below the gate; the hole has been filled with sand; the dredge has

dug it again, and so on in one continuous round of costly futility, like

the labor of Sisyphus. Had the Imperial been placed above the gate,

it would have been useful. When the banks of the Alamo channel,

constituting the main canal, had been raised and strengthened to

carry safely a large flow, the discharge of from 2 500 to 3 000 sec-ft.

through the gate solved the problem of water supply for the valley

canal system. In an hour and a half 2 500 ft. of water sluiced sand

from the canal below the gate to the depth of 1 ft. The Alamo Canal

is an efficient channel for 5 miles below the gate, when carrying

2 000 sec-ft. or more, and dredging is wholly useless.
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When the writer took charge of work on the C. D. Co. system, he

found two large dredges, the Delta and Gamma, at work in the main

canal at an operating cost of $9 000 a month. The dredges were use

ful in straightening the course of the Alamo, cutting across bends

and building up banks, but when they operated in the canal to remove

silt and sand, they only moved a hole up and down stream. Careful

instrumental observations and cross-section surveys showed that the

floor of the canal behind a dredge was at the same level as before

the dredge reached it.

The writer put the dredges out. of commission and tied them up,

thereby saving $9 000 a month. It is doubtful if a dredging barge,

occupying more than one-third of the width of a canal carrying

Colorado River water (laden heavily with silt and sand), can be

operated efficiently to remove deposits.

The removal of quicksand from the Imperial canals is a problem

to be solved by the managers of the main supply system. Sand in the

canals of the Mutual Companies constitutes a menace, and is a cause

of great increase in maintenance expense. The deposit of sand in

these canals and in farmers' laterals is avoidable. Doubtless a small

percentage of sand brought through the head-gate is removed by the

Imperial, but all of it could be removed more economically by other

means at the lower end of the Alamo main, and it is obviously the

business of the C. D. Co.'s Receiver to take care of that sand instead

of sluicing it out upon the valley farms.

Summary.—The writer has endeavored to make clear, by statement

of fact and description of work accomplished, that there is no abstruse

problem involved in placing the Lower Colorado under control and

confining its floods to a determined course.

The meanders of the river are subject to direction by simple and

inexpensive means, the current at the early stage of its wandering

tendency responding as readily to the guiding hand as does a bridle-

wise horse to the touch of rein upon the neck.

The permanent revetment of the banks has been demonstrated to

be comparatively easy of accomplishment by methods familiar to, and

applied by, railroad engineers in the West for many years.

That a railroad on the top of a levee is indispensable to main

tenance and to application of the rock-fill method of bank revetment

has been shown conclusively by experience. Costly experience has

proved the unwisdom of removing any natural protection from the

berm on the river-side of a levee, and has established the correctness of

the railroad "firing-line" practice in the construction of embankments

along streams, particularly those flowing through regions of alluvial

formation.

Submerged weirs, to raise the bed of the river, arrest the recession

of scour planes, and divert water with certainty and safety into canal
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intakes, may be built as permanent structures by the simple and cl^.

inexpensive method of dumping gravel and rock from trestles, without

placing any crest or core-walls, or using a pound of cement.

The operation of dredges for the removal of sand from main irriga

tion canals is ineffective and a waste of money where water can be

carried in large volume at sluicing velocities.

TJ. S. Marshall, Assoc. M. Am. Soc. C. E. (by letter).—The Mr.

author's statements regarding the very unfavorable soil report on the

Imperial Valley, issued by the U. S. Department of Agriculture (which

actual results have proven to be unjustified), and the belief expressed

that, had this soil report been issued before the reclamation of the

valley was well under way, the effect would have been a complete

condemnation of the project, are serious matters and worthy of most

attentive consideration. The writer has had similar experience, and

has no doubt that many others interested in reclamation work have

encountered this same bugaboo of an adverse Government soil report.

It is certainly the duty of the U. S. Bureau of Soils to rectify some

of the wrongs done to different parts of the country through adverse

reports on various soil types. The writer knows of no case where this

has been done in a way which has had any practical effect.

The object of a soil survey should be to determine what the land

is adapted to and what methods of cultivation are indicated and re

quired. The findings of a survey should be, by all means, of a con

structive and not of a destructive nature, and the chief purpose should

be to find some beneficent use for the soil surveyed. Any report that

condemns a soil type as worthless, unless based on the most thorough

investigation, necessarily does a most serious and inestimable injury

to the area reported on.

It should be the office of the Government to encourage the develop

ment of waste land, but certainly some of the soil reports would dis

courage even a preliminary investigation of the areas in question.

Because of the usual high respect for Government experts and their

disinterested attitude in such matters, their statements, official and

otherwise, are generally taken as expressions of ultimate facts, and

unimpeachable as to the conditions of the soils reported on. However,

in the West, to-day, there are notable cases of great districts, with

proven agricultural value, which were condemned by the Government

Bureau of Soils.

The writer's experience with an adverse soil report will serve as

another example, supporting these statements. While one of the engi

neers was making a report on a proposed 60 000-acre levee reclamation

project in the Sacramento Valley, California, on which it was esti

mated $2 000 000 would be spent, for levees and drainage works, the

following developed:
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The project had advanced to the point where the parties who were

to finance it had paid for 26 000 acres of the land involved, and plans

were being hurried for the reclamation works, when the TJ. S.

Department of Agriculture's "Soil Survey of the Marysville Area,

California," was called to the attention of one of the several repre

sentatives of the purchaser. This report, issued in 1911, was the work

of Messrs. A. T. Strahorn, W. W. Mackie, H. L. Westover, L. C.

Holmes, and Cornelius Van Duyne, and on page 30 contained the

following comment regarding that part of the area in which this

project was located:

"When protected from overflow by levees, this soil will be saturated

for some portion of each year on account of the high water level out

side the levees. Extensive drainage ditches and pumping plants would

remedy this to a considerable extent, but to keep d.wn the level of

the water table for such extensive areas would be very expensive, and

only the most profitable crops would justify the expense. The physical

condition of the soil is about as unfavorable as it possibly could be,

owing to water-logged condition and consequent nonaeration. Should

the type ever be thoroughly protected from inundation, the agri

cultural value of the section will probably depend upon the intro

duction of crops suitable only to low, moist land that will yield a

considerable return for the labor and money invested.

"The following table gives the results of a mechanical analysis of

a sample of the soil of this type [amounts given in percentage by

weight] :

Fine C.arse Medium Fin. V.ry fin.
gra.el. sand. sand. sand. sand. Silt. Clay.

0.0 0.5 0.7 3.4 1.8 41.0 52.7"

This report, coming from the Government, and obviously un

biased, seemed to this representative to be a solar plexus blow to the

project, and he felt that the purchaser had been misled. The parties

effecting the sale felt that their reputation was in jeopardy. They

had never seen the soil report, but were positive, because of actual

results, that the soil was very productive. The engineers were censured

for failing to bring the report to the attention of the parties inter

ested, and it seemed certain that the whole project would fall through.

In an effort to re-establish confidence, a large number of repre

sentative farmers, experienced in handling bottom lands, were taken

over the area and asked to pass judgment on the soil. All agreed

that any land supporting a heavy tule growth was valuable when

reclaimed, as much of this identical soil which had been re

claimed in the Sacramento Valley produces great crops. Much of the

land in this area, however, is not covered with tules, and these bottom

land farmers would not vouch for it because they could see no native

tule growth, which was the basis for their conclusions. In this diffi
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culty the writer had recourse to the United States Government surveys Mr. ^

made in 1854 and 1864. In these notes frequent reference was made

to tule growth encountered. On platting these, a map was obtained

showing that the tule growth in 1864 covered nearly the whole of the

area in question. This was accepted as convincing proof of the conti

nuity of soil type, and the purchaser was reassured to the extent that

reclamation is now going on.

There will thus be created for the community a vast acreage of

exceptionally productive ground which, had it been impossible to oft-

set the adverse report of the soil experts, would have continued a

worthless expanse of duck marsh, and the reputation of many men

of high standing would have been shattered and confidence in their

integrity and judgment lost. Further to re-establish the reputation

of the land and prove the mistaken character of the soil report in

question, comparisons were made with the "Soil Survey of The Wood

land Area, California," by the U. S. Department of Agriculture.

This area adjoins that of Marysville, and was reported on by Messrs.

C. W. Mann, J. F. Warner, H. L. Westover, and James E. Ferguson.

The soil type commented on so adversely in the Marysville Area is

reported on as follows in the survey of the Woodland Area, page 25 :

"Where this soil type is protected from overflow and is free from

alkali it is adapted to grain, sorghum, Egyptian corn, hay, and other

forage crops.

"The texture of the soil * * * is shown in the following table

[by percentages] :

Fine C.arse Medium Fine Very fine

gravel. sand. sand. sand. sand. Silt. Clay.

0.1 0.7 0.9 3.3 1.4 41.2 52.3"

The survey of the Woodland Area was made prior to that of the

Marysville Area. The mechanical analyses of the two soil types are

identical. In reporting on the Woodland Area there could have been

no mistake in advising on its adaptability for the crops mentioned,

for, at the time the survey was made, the land was producing a very

heavy alfalfa crop.

It should be remembered that all information, used in showing the

original Marysville Area report of this soil type to be grossly in error,

was as available to the Government soil experts as to the writer, and

that for their most adverse report on the soil in question there is no

real excuse. Nevertheless, as it was obvious that an error had been

made, a supplementary report revising the survey of certain soils in

the Marysville Area has been issued by the Government, in which the

former report was corrected and the mistakes excused on the ground

that at the time the survey was made the soil in question was covered
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Mr. with water, thereby making thorough investigation difficult! Cer-

' tainly this was reason enough for failure to get good first-hand data;

but why should a report be made condemning many thousands of acres

of land on such flimsy investigation?

The writer dissents from Mr. Sellew's comments as to the propriety

of including the discharge records at Yuma prior to 1903, in Table 3.

All available data should always be given, with explanations, and thus

permit the reader to draw his own conclusions according to his own

experience and judgment. Furthermore, the result of taking the

yearly rainfall for the entire 265 000 sq. miles of water-shed of the

Colorado River as the combination of yearly rainfalls at eight different

stations scattered over the water-sheds, which it was assumed gave a

fair average, does not seem to be

justifiable. This is shown by

platting the average rainfalls and

yearly run-offs, as given by Mr.

Sellew for 1903 to 1912, as in

Fig. 88. This proves that there

is no law that can be deduced

connecting yearly rainfall and

run-off totals on a water-shed as

large as that of the Colorado

River, and that one cannot tell

with any more certainty than a

guess what the run-off of the

Colorado River was by using the

rainfall data of the eight rain-

gauge stations selected.

Therefore, to condemn the

discharge records at Yuma prior

to the establishment of perma

nent gauging stations there, as

being too low, because they do

not conform closely to what one

might expect from the rainfall

records given, in the writer's

opinion, is wrong. The early

data are not precise, but they are

valuable and should have weight in the consideration of the problem.

That there may be long cycles of high and low yearly discharge

of rivers is well established. The writer calls to mind some investiga

tions which he made into the past levels of the Great Salt Lake. By

inquiry from old settlers and by searching records it was found that

in the last century Great Salt Lake had two cycles, and probably

three, of extreme high and extreme low water, and, according to such

COaPARATIVE PRECIPITATION AND RUN-OFF

COLORADO RIVER VALLEY

1903-1912.
 

Fig. 88.
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experience, the lake should be high at this time, and such is the case. Mr.
The lake is now some 8 ft. higher than it was at the time of the con- Marsha

struction of the Lucin Cut-off in 1902, and this rise has taken place

in spite of the fact that, for irrigation purposes, much more water

than formerly is now being diverted from the rivers emptying into

the lake.

H. T. Cory, M. Am. Soo. C. E. (by letter).—The writer has been ^

surprised and greatly interested at the reception of this paper by those

connected with the several interests involved. Though especial effort

was made to be fair and dispassionate in the presentation of the vari

ous features of the work and situation, yet so much bitterness has been

engendered between many of the various agencies in the development

of the region that it was felt impossible to write anything worth while

and avoid causing, in many quarters, a feeling of unfairness. The

discussions by Mr. Sellew and Mr. Chaffey contain all matters of

that kind of which the writer has been able to learn, and Mr. Chaffey's

discussion deals primarily with matters concerning which the writer

at no time had any personal knowledge. The other discussions, nu

merous conversations, letters from officials of the Southern Pacific

Company, of the United States Reclamation Service, of the Interior

and State Departments of the National Government, of the California

Railroad (Public Utilities) Commission, of the California Develop

ment Company and most of the Mutual Water Companies in Imperial

Valley, of the Imperial Irrigation District, and from Mr. Rockwood

and several of his associates in the project, have all expressed apprecia

tion for the fairness of the presentation. In several cases minor

changes in wording have been suggested, but it is a source of much

pleasure that all these seemed to be not only fair but an improve

ment, and every one of these changes has been made.

The writer must confess that he has often felt very pessimistic and

impatient about the unreasonable attitude and stubbornness of a

prejudiced man, and therefore such a result is most interesting and

encouraging. Possibly, after all, misunderstanding is responsible for

much of the failure to appreciate the work and real motives of others.

At any rate, this is a striking illustration of men of affairs taking a

common ground, or at least a tolerant appreciation of others' actions

and opinions, when all the facts of a complex situation are systemati

cally set forth in an apparently fair and comprehensive way, even with

the handicap of strong feelings in the matter based on partial or mis

leading information. If such better understanding will result in less

misapplied energy in completing the work thus started, the writer's

efforts will be very well repaid.

The next most interesting things brought out by the discussions

are the opinions as to the contents of the paper. Mr. Sellew regrets
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Mr. that the record of engineering operations was "partly obscured by a
MTy' mass of legal and financial entanglements which properly have no

place in a purely engineering article." Mr. Elwood Mead, on the

other hand, finds that this same obscuring "mass of legal and finan

cial entanglements" is the most valuable part of the paper, saying:

"The chief value of this paper, however, is not found in its de

scription of the engineering methods used, but in the social and politi

cal conditions, attending irrigation development in the West, which

it reveals. * * * as these are fundamental features of irrigation

development, it is that portion of the paper which the writer proposes

to discuss."

Mr. Buck confines his discussion largely to criticizing sharply Mr.

SelleVs view. President Swain, in his annual address recently deliv

ered before the Society, urges engineers to feel that their duty is to

study and deal with financial, legal, and even social entanglements,

and not those only of physics and applied mechanics. The views of

various individuals in this regard are no doubt characteristic of their

respective holders and the result of their life experiences.

Mr. Robson has added a more detailed study of the evaporation

at the Salton Sea and shows that the figures given in the paper were

somewhat too large, surprisingly small though they seemed. It might

be well to point out that the coefficient, 0.6, derived by Mr. Robson

for 6-ft. pans becomes, by Professor Bigelow's formula, 0.49 for 4-ft.

pans and 0.4 for 2-ft. pans, in estimating the evaporation from large

water surfaces from experimental small-pan data,

Mr. Knowles expresses the feeling, shared by many engineers as

well as laymen, that reservoirs on the head-waters and along the tribu

taries of streams subject to disastrous floods offer the best means of

flood control in theory, and oft-times in practice. It is probable, as a

matter of fact, that Messrs. Knowles, Sellew, Grunsky, and the writer

are not far apart in this matter, and that all agree that the extent to

which such methods may be feasible differs with each stream. Mr.

Knowles asks for data relative to this question, but it is believed that

those presented by Mr. Sellew and the writer are all there are.

Concerning these data, however, it is important to remember that

neither Mr. Sellew nor the writer has any personal knowledge of the

storage possibilities in the water-shed, and both agree that the avail

able published facts are not sufficient to determine the feasibility of

complete, or the extent of practicable, reservoir control of the Colorado

River. Consequently, the conclusion reached by Mr. Sellew, as a re

sult of his analysis, that there is but one available reservoir site—

Browns Park with a capacity of 2 200 000 acre-ft.—on the entire Colo

rado River water-shed, is not only startling but quite unwarranted.

Furthermore, the statement that "storage on the Gila is out of the

question, as this stream carries more silt during its flowing season
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than the Colorado," is quite out of accord with the opinions of his Mr.
superiors in the U. S. Reclamation Service, as the Roosevelt Dam has Cory

just been completed, creating a reservoir behind it having a capacity

of 1 284 000 acre-ft. at a cost of $3 697 000, according to the first item

of Table 23. This reservoir is on the Salt River, one of the main

branches of the Gila, and has all the latter's essential characteristics.

As a matter of fact, many reservoirs will no doubt be constructed

on the Colorado River water-shed, including probably the Kremmling

site, in spite of the fact that at present it "is in the hands of inter

ests foreign to irrigation or storage development," and these reservoirs

will have considerable beneficial effect in reducing flood flows; it is

immaterial whether or not the storage possibilities have been over

estimated, as this can only affect the extent of such an influence; but,

as Mr. Grunsky says :

"Whatever this may be, it will not change the river problem, ex

cept as to its magnitude. * * * The same lack of channel capacity

will be felt at high stages on the lower river as is felt to-day, and the

same problem of keeping the delta channels of the river on the Gulf

slope will confront the river engineers of the future as confronts those

of to-day, except only that there will be somewhat less water and corre

spondingly less silt to be reckoned with."

This is especially true because below Yuma the river is practically

a "joint track" for the Colorado and the Gila, which are very different

types of streams, but each at times alone causes approximately equal

maximum flood heights from Yuma to the Gulf. Of course, the floods

on the Gila are flashy and those on the Colorado are long sustained,

but that does not signify as much as might be thought, so far as river

control is concerned. Fortunately, severe Gila and Colorado floods

never occur simultaneously.

As to the quantity of water—the discharge of the Colorado at

Yuma—the writer believes that the first half of Table 3 should be

given, agreeing with Mr. Marshall that it is always best to set forth

all available data, with explanations—as was done in this case—and

let the reader decide what to use and what to discard. The recorded

discharges prior to November, 1902, are by no means as reliable as

those after that date, but that does not mean that they are worthless,

though it does mean that they must be used with care and discretion.

In this matter the comments of Mr. Grunsky on the reliability of the

measurements taken since that time, especially at high stages, are

very pertinent.

In any event, it seems clear that, beginning with 1905, the dis

charge of the river has been markedly greater than normal, and that

long periods will occur when the discharge will be markedly less than

normal—as is pointed out very well by Mr. Marshall. In the case
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Mr. he mentions the water is within 4J ft., of the rail base on miles of
MTy' the very expensive Lucin Cut-off crossing the Great Salt Lake, and

the water is still rising. The relationship between yearly rainfall and

iun-off, even on very large water-sheds, and especially if few widely

scattered points be taken, is by no means constant, as Mr. Marshall

says, and as the writer and doubtless many others have learned from

time to time to their discomfiture. With the existing data it is not

safe to decide in more than a tentative way as to either maximum or

minimum quantities. Mr. Sellew's maximum figures as regards river

control are probably fairly close to the truth, but, with respect to the

minimum for estimating safe irrigable acreage, caution must be used.

Fortunately, it will be at least another decade before all the lands

easily covered by canals in these regions can be brought under com

plete cultivation, and the dry cycle of years will probably be well under

way, so that the safe limit of land which can be served by the natural

flow of the river will be determined in time to avoid excessive

development.

With respect to the rise of the river bed at Yuma, Mr. Sellew is

correct in the opinion that much more information is necessary before

definite relations can be established regarding it. The Southern Pa

cific Company, however, has kept gauge heights at Yuma since 1878,

and these records show a steady rise of the river bed (taking averages),

or a steady increase of the river discharge. The reader can judge

which is more probably occurring. Also, the old maps on record in

the British Museum, in archives at Madrid and Mexico City, and in

the Bancroft Library in the University of California, have been care

fully studied by Mr. Godfrey Sykes, of the Carnegie Institution, in

connection with this very matter, and the final figures he has adopted

(which will appear in a volume on the Colorado Desert by the Carnegie

Institution, now in press) check well with the "memory of a steam

boat captain," Capt. Mellon, of Yuma, quoted by the writer in the

paper.

Undoubtedly the difference in elevation at any two points on the

river will change as the length of the river between these points is

modified by meanderings of the stream; and, also, the two points,

Laguna Weir and the conglomerate hills at Yuma, are the only ones

on the lower river which may be regarded as definitely fixed—as was

pointed out in the paper and again by Mr. Sellew. The latter, how

ever, has mistaken effect for cause when he concludes that the increase

of 4 ft. in difference of gauge height of the river at Yuma and

Laguna Weir "is plainly caused by the meanders of the river" between

these two points. This stretch of river had a normal length of nearly

14 miles, from 1856 to 1909, and this had increased to 17 miles in



DISCUSSION OX IRRIGATION AND RIVER CONTROL 1563

1912, because the stream had lowered at Yuma more than 3 ft. as Mr.

shown by the diagram Fig. 3 (for reasons set forth in the paper), Cory•

though no change is possible at Laguna Weir. The stream has re

established its normal grade per mile by lengthening itself, and, as

the bed at Yuma rises again, a corresponding shortening will follow.

It would seem that the comments in the paper as to the design

and methods of construction of the Laguna Weir were not clear,

either to Mr. Sellew or Mr. Grunsky. Fig. 89 shows diagrammatically

a cross-section of the weir as built, and as the writer proposes. The

resulting structures would not differ in function, concrete top, crest

or foot walls, appearance when completed, or general design in the

sense of cross-section above ground.

DIAGRArrATIC CROSS•SECTION OF LAGUNA WEIR

7Con.r.t. Walls ^ 

i! !'''
AS SUGGESTED

Fig. 89.

The difference is in the omission of the concrete cross-walls (which

were very expensive in time and money) in the second design, and

changes in method of construction by driving the river sideways

ahead of rock and gravel filling from trestles, and thus making it do

all the excavation. The result would be a greater yardage of rock

in the structure, but the total Cost of it in place, including excavation

and everything, would certainly not have been any more than the

costs given for the material placed in closing the central section of

the weir—undoubtedly it would be materially less on account of the

much more favorable conditions and the larger quantities. The figures

given by E. D. Vincent, M. Am. Soc. C. E., Resident Engineer on the

work, and quoted in the paper, are, in round numbers, $1 per yard,

made up of the following items* :

* Engine.ring N.ws, June 10th, 1909.
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Mr. Labor, dumping cars $0,020

C.ry- Labor, general 0.020

Sundry supplies and implements 0.008

Railroad hauling 0.217

Depreciation, rolling stock and track 0.062

Excavation, rock-quarrying 0.468

Trestling 0.149

Proportion of storage of apron rock 0.014

Light and water 0.011

Depreciation, special derricks 0.001

Proportion of superintendence 0.032

Overhead charges, Yuma and Washington offices. . 0.038

$1,040

Assuming the total quantity of rock in the weir proper to be even

twice that in the structure as built, the amount required would be

750 000 cu. yd., or $750 000. Concrete facing and other items would

hardly increase this sum to $900,000. As built, the weir proper cost

$1 672 168.20. Mr. Clarke's comments on such methods of construction

are very pertinent.

This suggested cross-section and method of construction is funda

mentally different from that which Mr. Grunsky mentions as recom

mending in 1896 for a low dam in the Colorado in Iceberg Canyon—

a dam to be constructed

"of loose rock on a sand foundation by blanketing the bed of the

river for a considerable distance up and down stream with broken

rock, using large blocks for the down-stream portions of the work,

allowing the water to bury these as deep as it would, and using finer

material in the up-stream face, which would ultimately be made

impervious or nearly so by the river silt."

Such cross-section design and method of construction is of course

entirely independent of Mr. Grunsky's suggestion that the weir top

should not have been uniformly high but have, had a section, say 800

ft. long, a few feet lower than the rest, to hold the river in a definite

position above the weir and to insure sweeping drift of whatsoever

size over the structure.

Mr. Clarke's comments on "useless dredging" are most interesting—

they differ materially from reports made by those who recommended,

built, and are operating the dredge Imperial immediately below the

Concrete Head-gate. It seems probable that this dredge has not en

tirely solved the silt problem in the Imperial canal system, as its advo

cates have enthusiastically proclaimed. Future results will be watched

most carefully.

The writer regrets that he did not make clear that no levee failures

were caused by the flood of December 7th, 1906, on that portion of

the Yuma Project built under Mr. Sellew's direction, for, on taking
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charge of the Project, in October, 1906, Mr. Sellew at once ordered

muck-ditching under all new levees. This had not been done before,

and there were two failures from this cause opposite the Lower Head

ing on the Project levees, as stated in the paper and illustrated with

a photograph, Mr. Sellew to the contrary notwithstanding. The writer

remembers this most vividly, because his original design of levees in

cluded thorough muck-ditching, which was peremptorily ordered cut

out as an avoidable expense, because, up to that time, none had been

done in building the levees of the Yuma Project. After the disaster

due to the flood of December 7th, 1906, careful examination of the

damage to levees on both sides of the river was made and data were

collected to show convincingly those not on the "firing line" that, with

thorough muck-ditching, all completed levees on the river would have

been effective, and the two failures from this cause on the Project

levees were considered very significant.

The writer is inclined to agree with Mr. Sellew that the second

break might not have occurred had the borrow-pits been on the river

side, because of the peculiar facts of the short duration of that particu

lar flood and the location of the breaks it caused. Nevertheless, the

levee would have failed just the same in the several places. Also,

muck-ditching would have prevented all trouble. When failure occurs,

future construction designed with special reference to preventing that

type of failure alone is most unwise, and it was felt that a failure

similar to that which happened with the extension of the levees built

later by Mr. Ockerson would be quite as disastrous as though caused

by lack of muck-ditching or anything else. The design adopted was

expected to prove safe from both these dangers, and, thus far, has

done so entirely.

It is true that the recommendations of the first and second con

sulting boards as to levee construction and reconstruction were not

followed—a careful reading of these recommendations and of the paper

will, it is believed, convince the reader that this was wise. Especial

attention is called, for example, to the recommendation on page 1394

to comply with which would have cost $12 000 per mile, though the

total cost of the levees, exclusive of gravel blanketing, was consider

ably less.

As to the efficiency of the interrupted or checkerboard system of

borrow-pits, Mr. Grunsky's observations coincide with the writer's, as

set forth in the paper. There is no doubt that some—even though

slight—additional security is obtained. The question in any case to

be decided is whether it is great enough to justify the additional cost.

The writer's opinion is that, as the materials grade more and more into

those easily eroded, the available precautionary measures are, in their

order of effectiveness: river-side borrow-pits with occasional short

traverses; river-side continuous borrow-pits; river-side checkerboard
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borrow-pits; land-side borrow-pits ; hydraulic-dredge-built levees, as de-

' scribed by Mr. Grunsky; and, lastly, blanketing with cementing gravel,

concrete, etc.

The effectiveness and cost of checkerboard borrow-pits, and conse

quently whether or not to use them, must be determined for each indi

vidual case. With those soils and conditions of vegetation, grade,

etc., where they will afford all the needed added security, considerable

additional cost is justified; and, where this is not the case, little or

no additional expenditures for them is wise. Similarly, as to the

cost, with small levees, narrow berms, and easily handled soil—so that

the haul is of maximum importance—the additional cost as a percent

age will be greater, and vice versa. This difference, as set forth in the

paper, was actually determined carefully by building adjoining sec

tions of levee with continuous and with checkerboard borrow-pits.

using half of one camp on each section and interchanging men and

teams daily. Every effort was made to secure otherwise identical

conditions, and it is believed with unusual success. The levee was

uniformly 8 ft. high, 10 ft. wide on top, slopes, 3 to 1, berms 40 ft.,

borrow-pits with 50-ft. traverses each 400 ft. in one case, and 100 ft.

alternately borrow-pits and undisturbed in the other, depth' of pits

in both cases, 2J ft. at levee end and 4 ft. at far end. The material

was the Colorado Delta silt described at length in the paper. The

costs, excluding contractor's profits, were found to be 19 and 25| cents,

respectively, per yard of embankment in place on completion ; the

settlement was very slight. This is in the ratio of 100 to 135.5. Mr.

Sellew, with essentially similar work, done under normal instead of

rush conditions, reports the costs as 11 and 13 cents, respectively—

shop costs only—or in the ratio of 100 to 118, If the reader is

interested as to the consistency of these two results, he can compute

the average haul in the two classes of borrow-pits and check them up.

The method of constructing levees by hydraulic dredges, as sug

gested by Mr. Grunsky, has been used to a considerable extent on the

Sacramento River, although the material from the muck-ditch is

there usually deposited on both the river and land sides of the trench,

and the hydraulic fill made in the excavation and space between the

two banks. The soil in that locality is such that it does not erode

easily, and, more often than not, the levees are located on the river

banks. With levees set well back and with the shallow, muddy

Colorado, it is very doubtful whether such methods could be used

successfully for levee building on that river. Furthermore, the amount

of work done, especially during any one year, will probably be so small,

and the deterioration and cost of handling a dredge on . the lower

river so great, that the total levee cost would probably be much higher

than by the present methods.
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Mr. Grunsky points out that the levees along the river have not Mr.
yet been subjected to a conclusive test, and suggests two points : Cor>

seepage under the levees with land-side borrow-pits, and reasons why

the levees have not yet needed to be as high as were built. As to the

former: miniature, pin-head, under-water volcanoes did appear, but

their number and size did not seem to be large, when the effective head

was greater, and after a time they stopped entirely. In not a single

case did any of these become in any way menacing. Furthermore,

last year the water-table rose above the ground surface behind the

Reservation Levee of the Yuma Project with river-side borrow-pits,

covering a considerable area, and seriously interfering with crops.

The action is a rise of the underground water, and not seepage under

levee structures.

The top grade line of the levees built under the writer's direction

has proven to be higher than as yet required because of the abnormal

overbank flow and cutting off of Nigger Bend in 1907 (as pointed

out by Mr. Grunsky), and later by the Abejas Division, which did lower

the river at Yuma, as shown by Fig. 3, and at all points below as

far as the diversion, Mr. Sellew to the contrary notwithstanding.

Indeed, it was this lowering at the Concrete Head-gate, which, with

silting up in the Imperial intake, caused the building of the rock

weir across the river at that point in 1910, as commented on by Mr.

Clarke. Nevertheless, to have built lower levees would have been

taking an unjustifiable risk. This is shown most strikingly by what

happened with the levees near the Abejas Dam. In this case the levee

grade was fixed by reference to the fresh high-water marks of the

1909 flood which had its outlet down the Abejas, but after that closing

was to be held in the old river channel. This latter did not scour

down as was expected* and, had the levees held, they would have been

overtopped in the vicinity of the dam by a 100 000-sec-ft. river that

summer. Fig 90f shows the situation there.

Mr. Grunsky believes the control of the Colorado between perma

nently fixed banks should not—at least for a long time—he projected

beyond some agreed point near the Arizona boundary line, and in this

he is joined by the Board of Review which reported on the failure of

the Ockerson levees, the writer, and most of those who have been on

the "firing line." The exceptions are Mr. Ockerson and Mr. Sellew.

This is a matter of judgment, and all available data affecting the

matter, for which a place could be made in a paper of this kind, have

been given.

Mr. Follett confirms the writer's figures of land slope away from

the river banks, and suggests the desirability of a secondary levee from

* S.. stat.m.nt by Mr. O.k.rson, Engineering News, De.. 7th, 1911.

t Taken from House Document 504, 62d Congress, 2d S.ssion.
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Mr.
Cory.

the sand hills to the C. D.

Co. levee, where it is a mile

away from the river, with a

gate structure where the

main canal is crossed. This

idea has been given careful

consideration; the Board of

Review just mentioned has

reported that the money such

a secondary levee of defense

would cost could be more ju

diciously expended on the

principal levees along the

river. The writer agrees with

the Board of Review in this.

The writer is surprised, on

re-reading the paper on re

ceipt of the discussions, to

find that so little had been said

about bank protection work.

This was partly the result of

touching as lightly as possi

ble on unsuccessful river con

trol work done by others,

partly because of a tacit un

derstanding with other mem

bers of the Society as to the

contents of the paper and

their discussions thereof, and

partly because, since holding

the levee embankment on the

north side of the Second

Break in January, 1907, by

gravel and rock revetment,

as set forth in the paper and

in Mr. Clarke's discussion, the

proper way to do such work

has seemed obvious. Messrs.

Grunsky, Hind, Clarke, Herr

mann, and the writer went

over this matter together in

June, 1907, and agreed as to

the general procedure on

the lower river—practically
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that concisely set forth by Mr. Clarke under the heading "Control of Mr.

the River." Mr. Grunsky reported accordingly to the Secretary of Cory

the Interior at the time, and Mr. Sellew has now reached practically

the same conclusions, except as to the important difference of revet-

ing only at threatened points and so distributing the work over many

years and letting the river do all dredging and placing gravel and

rock well down to the limit of scour. In any event, the matter of

funds will doubtless distribute the work over a long period, and the

procedure recommended helps to arrange the "cutting of the garment

according to the cloth."

With a railroad track on the levees, with large quantities of rock

ready in near-by quarries and gravel pits in constant operation, and a

very large railway organization which, at any time, on telegraphic

notice, will send, for cost plus 10%, work trains, steam shovels, and

a completely organized force, the methods of bank and levee produc

tion work here seem to the writer to be self-evident. All those who

have had to deal with the lower Colorado, except Mr. Ockerson, agree

as to the vital importance of a railroad track on these levees.

When thus equipped, and with the foregoing plan of river control

and levee revetment, there is no reason for locating levees farther

from the bank than needful to provide sufficient waterway for the

greatest possible floods. Location farther back means on lower land

and hence higher levees and greater difficulty to revet and hold when

attacked by bend erosion. Such more distant levee location can at

most mean a later date for completing the entire river revetment,

and, outside of reasonable limits, this becomes a disadvantage rather

than advantage.

Consequently, the writer still feels that:

"Because of the various successful and unsuccessful work done in

the region * * *, the Colorado River Delta now presents no un

usual, unsolved engineering difficulties; its problems are chiefly mat

ters of statecraft, in both river control and irrigation."

The writer joins with Professor Forbes in regretting that the ex

ceedingly interesting geological sketch and historical review of the

Colorado Desert, prepared as a part of this paper, by Professor Blake

shortly before his death, could not be utilized in that way. Fortunately,

it will appear elsewhere, and its reading is commended to those inter

ested in this subject.

Mr. Chaffey's discussion is of especial interest, not only to the

writer and those locally interested, but to many members of the

Profession who never had a personal interest in the Lower Colorado.

The corrections and criticisms it contains the writer can only admit

to be fair; he regrets the inaccuracies in the paper which called them

forth, and takes this opportunity to express his pleasure at their being
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Mr. presented. Since the paper was presented, the Supreme Court of
'ory' California, in Thayer vs. California Development Co., finally held

the system of mutual water companies and triparty contracts to be

legal, and, in addition, commended such plan. This is the first decision

handed down squarely on this point, though in other cases the Dis

trict Federal Court and the State Supreme Court had by indirection

practically decided just the opposite. It is, indeed, a sad state of

affairs when it takes from 1906, when the first litigation began, until

1913, for investors and settlers to know definitely whether their opera

tions and organizations are within the law. Mr. Mead is right in

saying that at least three-fourths of the irrigation enterprises have

been financial disasters because the laws were such that there was no

adequate security for the money expended. So it is that, in spite of

the legality of the plan as finally decided and its excellent basic busi

ness principles, it would doubtless have been better had the project

been carried out under the Carey Act. ..h

The writer takes pleasure in expressing appreciation of the stand

ing of Mr. George M. Chaffey in irrigation work in the West. The

Ontario Colony he founded in 1883 was selected ten years later as a

model for the irrigation exhibit at the World's Exposition, and in his

work at Mildura, Australia, he designed, had built in England, and

installed, the first centrifugal pumps driven by triple-expansion engines,

there being four pumps on the same shaft with a total capacity of

320 cu. ft. per sec. lifted 20 ft. He is at present, among other things,

head of the magnificent water system irrigating 10 000 acres of citrus

lands near Whittier, Cal., including the highest priced agricultural

lands in California ($5 000 per acre) . Furthermore, he is a man

of affairs and of large means which he acquired principally in irriga

tion enterprises and banking, and hence has the confidence of moneyed

interests. ......

' The comments of Mr. Chaffey and Mr. Marshall on soil examina

tion and reports are pertinent and worthy of serious consideration.

The effect of the soil reports on the Imperial region was most serious.

It is nearly a year since the paper was written, and in that time

the maze of litigation over the Imperial Irrigation System has, if

anything, become more complex. Arrangements have been made to

supply water to additional lands by the Receivers of both the American

and Mexican Companies for 50 cents per acre-foot, with a 10% free

allowance for seepage and evaporation, and with no "water right" or

water stock charge or requirement. Thus the later comers are getting

water for their lands on better terms than the pioneers in the region,

and the opportunity for bettering the financial status of both parent

companies by the sale of valuable water rights—and so in the last

analysis having the new-comers bear a proper share of the inevitable
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burden of readjustment, however that is to be accomplished—has been rr.

lost. This resulted from an unfortunate hostility between the two Cor>

Receivers. Dr. Mead is certainly justified in his comments on laws

governing irrigation projects.

The development of the country is going on more rapidly than

ever, and land values have increased very markedly, due to the grow

ing confidence of the outside public. The 1913 shipment of perishable

products alone is 3 880 carloads, as follows :

A new high-line east side main is nearly completed which will

water an additional 150 000 acres, and surveys have been completed

for a Mexican Canal following closely the Paredones delta divide,

crossing New River near Volcano Lake and thence northwesterly to

the International Boundary Line near where it is crossed by the West

Side Canal. These canals have no especially noteworthy engineering

features, however.

No progress whatever seems to have been made in international

negotiations looking toward joint governmental river control or con

servation and division of the Colorado's waters between the two

countries.

A very interesting and complete description of the Colorado River

Siphon of the Yuma Project, by George Schobinger, Jun. Am. Soc.

C. E..* has recently been presented before the Society.

Cantaloupes

Watermelons

Tomatoes . .

3 499

338

10

26

7

Other vegetables

Miscellaneous . .

*Now Asso.. M. Am. Soc C. E.
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PART V.

DEVELOPMENT— SEPTEMBER, 1913, to JULY, 1915

BY H. T. CORY.

The paper, "Irrigation and River Control in the Colorado River Delta,"

was presented to the American Society of Civil Engineers, January 8, 1913,

and the discussions closing in October, 1913, extended the engineering,

financial and colonization history of the region, to about September 1, 1913.

The paper, together with all discussions, was then republished in the

Transactions of the Society early in 1914 (Vol. LXXVI, pages 1204-1571).

This closing statement is to set forth the important events and developments

between September, 1913, and July 31, 1915, the date of this volume's going to

press.





DEVELOPMENT— SEPTEMBER, 1913, to JULY, 1915

BY H. T. CORY

I. SALTON SEA.

Depth and Area.

The waters of the Salton Sea continue to diminish, the depth on July 1,

1915, being just 40 feet. In February and March, 1907, it was 76 feet, so that

the total decrease is 36 feet in 8% years, or an average of 4.36 feet per

annum. The present water surface is about 310 square miles. When at its

maximum height, the overflowed area was about 475 square miles, so the

decrease has been about 165 square miles, or 105,000 acres.

Composition.

The water continues to grow in saltiness, and now (July, 1915) has

almost 14,000 parts per million of total solids, plus water of occlusion and

hydration. This is almost exactly three times as high total solids as on

June 3, 1907. See abstract of Dr. W. H. Ross' monograph in Part II, page

37. The percentages of concentration for the separate constituents continue

to show variation from the general rate of concentration, due undoubtedly

to the disturbing effects of drainage and seepage water reaching the lake.

Three constituents—calcium, carbonic acid and potassium—are, however,

showing variations clearly due to other causes ; the calcium and carbonates

are not concentrating as much as the other constituents, while the carbon

ates even show an actual decrease. It now seems well established that this

loss of calcium carbonate is due to the formation of new travertines similar

to those formed when the ancient Salton Sea dried up and disappeared.

The potassium, however, of late has increased in about the same ratio as

other constituents on account, at least in part, of the apparent decrease in

animal and vegetable organisms in the water.

The water is now normally very clear and the minute organisms seem to

be decreasing.

II. IMPERIAL VALLEY.

Litigation.

During the entire period the receivers of the C. D. Co. and of the

Mexican Co. have continued in charge of the properties, and because of dif

ferences between themselves and the various Mutual Water companies,

appeals to the court have been frequent. The litigation between the stock
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holders of the parent companies, the bondholders thereof, the New Liverpool

Salt Company and the Southern Pacific Company has continued with little

tangible results and there have in addition been added to the docket several

actions which would be of real importance were it not for the activities of

the Imperial Irrigation District.

Receiverships.

The receivers of the C. D. Co. and the Mexican Co. have from the

beginning worked at cross purposes, apparently with increasing misunder

standing. This has resulted in increasing inconvenience to and growing irri

tation among the water users in the valley, particularly on the American side.

Many features of such antagonism have been little less than opera bouffe in

character, but unfortunately usually had serious consequences to the American

water users. Many incidents of the American receivership strikingly remind

one of Daudet's incomparable "Tartarin of Tarascon."

The Imperial Irrigation District.

The Imperial Irrigation District was created July 24, 1911, by an over

whelming vote. Arer considerable litigation concerning the legality of its

formation, and the enactment of special legislation by the California Legisla

ture of 1913, the organization or rather municipality, became active and on

October 29, 1914, by vote of 3278 to 330, authorized an issue of $3,500,000 five

per cent bonds which fall due serially in the period from twenty to forty

years hence. At the general November election of 1914 an amendment was

adopted to the State Constitution removing the inability of the District to

acquire property in a foreign country (Mexico) and at the session of the

Legislature just adjourned (May, 1915) numerous desirable changes in the

California statutes concerning irrigation districts were made. These changes

are in large measure due to the earnest efforts of Mr. M. W. Conkling,

Attorney for the District. The municipality is, therefore, now ready and able

to carry out effectively, the objects for which it was formed, viz: (a) to

supply irrigation water to the American part of the Imperial Valley and (b)

to be its agent in the matter of river control.

Arer considerable negotiations, arrangements have been all but com

pleted with the Southern Pacific Company, whereby the Imperial Irrigation

District takes over all equities of the Southern Pacific Company in the

C. D. Co. and in the Mexican Co., except about 70,000 acres of Mexico, still

belonging to the Mexican Co. This transfer to the Imperial Irrigation

District is for the consideration of $2,152,500 of its bonds with interest
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thereon beginning July 1, 1915. The railroad company further agrees to

buy enough more bonds at par to furnish the funds necessary to pay the

judgment of the New Liverpool Salt Company, should this be necessary for

the District to do as the result of action now pending in the California

Supreme Court. The Imperial Irrigation District also acquires $251,600

face value of the $487,000 outstanding bonds of the C. D. Co. with interest

accrued thereon, and approximately $315,000 worth of receivers' certificates

issued by the receiver of the C. D. Co.

It is understood that by September 1st the Imperial Irrigation District

will have been enlarged to include a total of 600,000 acres of land on the

American side.

At the same time it is most interesting that the installation of an intake

gate just over the boundary line in Mexico is under certain possible con

tingencies being seriously considered because while there would thus be an

abandonment of the C. D. Co.'s water rights in the United States, there

would on the other hand be a short cut to eliminating as legal factors the

C. D. Co., including its receiver, judgments, litigation and outstanding bonds

(see page 1231, "Pilot Knob"; page 1251, "Ideal Plans"; page 1275, "Mexican

Concession Secured," and first paragraph on page 1422).

In the latter part of 1914, Mr. C. R. Rockwood, who was the original

3nd moving spirit in organizing the C. D. Co. and who was until April, 1906,

its Assistant General Manager and Chief Engineer, was appointed Chief

Engineer of the Imperial Irrigation District. That Mr. Rockwood should

again be called to head the engineering work of Imperial Valley's irrigation

system is of peculiar interest and is a source of sentimental and personal

satisfaction and pleasure to his many friends in the valley.

Joint Governmental Rive. Administration and Protection Work.

On account of the unfortunate revolutionary conditions in Mexico, no

progress whatever has been made in international negotiations looking toward

joint governmental river control and conservation and division of the waters

of the Colorado River between the two countries. This fact has an important

bearing on the advisability of the Imperial Valley's diverting water at the

Laguna Weir.

Extensions of and Changes in Irrigation Works.

The East Side High Line Canal mentioned on page 1571 of the paper

was completed in April, 1914, and will serve to water 110,000 acres of land
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lying to the east and north of the area irrigated in 1912. In addition several

other canals both in the United States and Mexico have been constructed,

but they are relatively minor in character.

Several important canal structures have been installed, the chief ones

being a wooden gate in the Alamo at the east line of the Imperial Develop

ment Company's or Cudahy property in Mexico near Bataques ; the Lawrence

Heading where the East Side Main Canal takes off the Alamo ; the Allison

Headgate replacing the Holt Heading just north of the International

Boundary Line on the main canal feeding Imperial Water Company No. 7;

and a new headgate for the Encina, or, as it is now generally called, the

West Side Main Canal, just above Sharp's heading on the Alamo River.

The Encina Flume in the West Side Main Canal over the New River has

been replaced by another structure of untreated wood just above the old

location. The flume is 22 feet by 6 feet and has a capacity, with a depth of

5 feet, of 1210 second feet. It is 698 feet long and is connected with the

canals at either end by concrete inlet and outlet structures, each 62 feet in

length.

In addition to these a Stoney gate (sliding vertically) has been in

stalled at the west end of the original Taintor or Concrete Headgate at the

present intake on the Colorado River. This Stoney gate has its bottom 9 feet

lower than the sill of the original structure and consequently permits taking

water from the river when at a considerably lower stage.

One of the results of using this new Stoney Gate is drawing into the

canal from the bed of the Colorado a relatively large amount of the heavier

sands. The suction dredge, "Imperial," which works below the gates is now

pumping gravel the size of split peas and the canals through the valley are

carrying much heavier sand than ever before, consequently, the difficulties of

keeping the ditches and canals in condition is increasing.

Since 1912 when a small amount of work was done in the vicinity of

Sharp's Heading and about 30 days' operation of the dredge "Delta" in

January and February, 1914, there has been no dredging on the Alamo River

or Main Canal in Mexico since 1911. Entire dependence has been placed

on team levees along the bank, and these levees have become so high and

the borrow pits so deep that they are beginning to constitute a real menace.

The bed of the Alamo River is constantly rising—so much so that in 1914

both levees were only saved from being overtopped by means of shovel work

while in places for a mile at a stretch, there was less than three inches of

freeboard during the period of maximum demand, because the high water

grade lines were as much as two feet higher than the year before.
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The dredge "Gamma" was sunk May 27, 1913, in 16 feet of water and

the dredge "Delta" has been berthed on the bottom on the Alamo bank,

because its hull has rotted and no provision made for funds to build a new

one. A new dredge, the "Beta," has been constructed by the receiver and is

at this moment (June, 1915) working in the main canal supplying Imperial

Water Company No. 5 just above the Allison Heading. It is expected to be

soon sent across the boundary line into Mexico and put to deepening and

widening the Alamo. The "Beta" is a dipper dredge with lj^-yard Marion

steam shovel equipment, and has a steel hull.

In addition there has been some work done with the Stockton dredges

(which are described on page 1280 and shown in Figure 17 of the paper) on

the West Side Main while the dredge "Alpha" is now working near the

International Boundary Line with the expectation of dredging back as far

as the flume over New River.

Mutual Water Companies.

Several more Mutual Water Companies have been formed, the complete

list of all those on the American side is as follows :

Nos. 1, 2, 4, 5, 6, 7, 8 and 12, the South Mutual Water Company, the

North Mutual Water Company, the North Side Mutual Water Company, the

North End Mutual Water Company, the Imperial South Side Mutual Water

Company and the Imperial East Side Mutual Water Company—a total of

fourteen companies, comprising 600,000 acres of land.

Irrigated Areas and Population.

During this season (1915) there is under cultivation on the American

side fully 400,000 acres and on the Mexican side 40,000 acres.

The ultimate irrigable area on the north and west of the Colorado

River as its course now runs is 1,000,000 acres on the American side and

250,000 acres in Mexico.

The net amount of water delivered to American water users by the

C. D. Co. receiver in 1914 was 1,020,323 acre feet. The amount so delivered

in 1909 was 453,412. The agricultural development in 5 years has thus in

creased the water requirements of the American side about 2% times.

The population (1915) of the irrigated sections is probably 35,000 in

America and 5,000 in Mexico.

River Control.

Until the passage of special legislation as heretofore mentioned it was

impossible for the Imperial Irrigation District to do any river control work
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or spend any money in Mexico. There was no other organization to represent

the valley and the receivers of the C. D. Co. and the Mexican Co. continued

failing utterly to co-operate.

While this was the situation during the summer flood of 1913, conditions

on the river levee at mile post 7 (reckoned from the Concrete Heading)

became threatening because of bank caving. In considerable part at least, this

was due to deflection of the current from the Arizona bank by jetty work

installed to protect the levees of the Yuma project. A small amount of work

done at the proper time would have stopped the bank cutting, but there being

no agency able or willing to handle the situation, the action was allowed to

continue until the cutting extended through the levee and about half a mile

of it was washed away. Finally the Imperial Irrigation District contributed

$30,000 and the U. S. Government $47,000, out of the balance of $55,000

remaining from the million dollar appropriation made by the U. S. Govern

ment in January, 1910 (see pages 1437 and 1452 of the paper). With this

total of $77,000 expended chiefly under the direction of Gen. W. L. Marshall,

Consulting Engineer to the Secretary of the Interior of the United States

Government, a shoefly levee was constructed around the break and some

40,000 cubic yards of rock revetment placed along the river levee between

mile posts 5 and 7. A small portion of this rock revetment work was paid

for by the mutual water companies operating through what is known as the

Advisory Board of the Mutual Water Companies. This Board is made up

of one director from each water company.

As the summer flood of 1914 neared its peak, the water against the

Volcano Lake levee reached a dangerous height and on June 10th was at the

eastern end within 35 feet of the top. Then a break occurred due to a rat

hole near mile post 8 (measured eastward from the Black Butte or Cerro

Prieto) which increased until it passed a maximum of 13,000 second feet.

It is generally understood that had the levee not broken it would have been

overtopped. The water passing through this break ultimately got into the

New River above the Encina or West Side Main Canal Flume, but it did no

damage other than washing out a few fills on several of the bridges crossing

the New River on the American side of the line.

In February, 1915, the United States Congress appropriated $100,000

for river protection on the Colorado River, conditioned upon the Imperial

Irrigation District's contributing a like amount to the United States Treasury,

the total sum to be spent under the direction of the Department of the

Interior. Again Gen. Wm. L. Marshall, Consulting Engineer to the Secretary
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of the Interior, was placed in charge of the work. Approximately $80,000

of this was spent in placing rock on the river side of the levee between the

Concrete Headgate and mile post 7. The total quantity of revetment so

placed was approximately 70,000 yards and it is believed that the levee between

the points named ought to be safe for the time being, and possibly for several

years. The other $120,000 has been spent in raising, strengthening and

extending eastward the Volcano Lake levee. Approximately 440,000 cubic

yards of levee work proper has been done and about 200,000 cubic yards of

combination levee and canal work.

The last item of 200,000 cubic yards is the material necessary to move

in order to construct a canal from in front of the new Cudahy gate on the

Alamo River near Bataques, southerly to the Volcano Lake levee and thence

along the north side of that levee. The object is twofold, carrying water

along a high line to the West Side of the valley and levee building by silting.

The latter idea and the situation at the Volcano Lake levee can best be

explained together. The Abejas or Bee River, has been rapidly building up

its banks, and also probably its bottom, with silt, so that where it now flows

across the bed of the old Volcano Lake it is much higher than formerly and

apparently is still rising. Due to this silting two alternatives for local treat

ment are possible. Either (1) the river protection work must be moved over

to the present course of the stream in order to continue levee building and

maintenance on the highest ground ; or (2) the ground in front of the present

Volcano Lake levee must be raised artificially. The back water which comes

against the Volcano Lake levee under existing conditions is so nearly clear

that there is very little silt deposition. Furthermore, the material along a

considerable length of this levee is not favorable for dyke construction.

Mr. C. N. Perry, engineer for the receiver of the Mexican Co. and who has

been connected in responsible capacities from the very beginning of engi

neering operations in the Imperial Valley, two years ago suggested the plan

of carrying a limited amount of water along the Volcano Lake levee and thus

continually deposit silt there. The plan will probably be put into execution

in the near future. It is urged that by constructing a high line Mexican

Canal with its southernmost bank being the Volcano Lake levee, for carrying

water to the west side of the valley, that sufficient silt can be annually

deposited, dredged out of the canal, and placed on the Volcano Lake levee

to keep pace with the general rise in the channel of the Bee River, until such

time as the stream may make a new channel further east and south. Surveys

are to be started after the 1915 summer flood season has passed to determine
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what changes shall have taken place during the 1915 summer flood and par

ticularly since the survey made by Mr. T. J. Hind during the summer of 1911

(page 1449 of the paper).

Messrs. Epes Randolph, T. J. Hind, F. L. Sellew and certain other

engineers on the contrary hold that the only proper treatment of the whole

river protection problem is the closing of the Abejas break, returning of the

river to the old channel (that prior to 1910) and maintaining a line of levees

on the west bank essentially as outlined by Mr. Ockerson and followed in

his work of 1910-11.

Diversion of Water at the Laguna Weir

Partly on account of the difficulty in maintaining the canals in Imperial

Valley because of silt deposition and partly to assist in negotiations for

securing the irrigation system in the Imperial Valley, Mr. M. W. Conkling,

Attorney of the Imperial Irrigation District, in December, 1914, conferred

with Hon. Franklin K. Lane, Secretary of the Interior, concerning diverting

water for the Imperial Valley at the Laguna Weir of the Yuma project.

The offer was tentatively made by the Secretary, subject to congressional

approval, to permit diverting water at the weir for a flat payment of $500,000.

In addition it would be necessary to construct a canal from the weir to

Andrade, although for part of this distance at least, it would be possible to

enlarge the present West Side canal of the Yuma Project.

All things considered it is a serious question whether it would not be

very profitable and wise for the Imperial Valley to make some such an

arrangement, instead of continuing to take water out of the river at the

Boundary Line.

Recent Temblo. Activity.

In June, 1915, occurred the severest seismic disturbance in Im

perial Valley, certainly within recent times. Several rather hard shocks

were felt, and considerable damage was done in the southern part of the

valley, particularly El Centro, Heber, Calexico and Mexicali. Outside these

towns no damage of any importance occurred. Tremors continued for about

two weeks, during which time there occurred a total of considerably over

one hundred temblors.

It certainly is not of record, however, that this region is more sub

ject to earthquakes than any other part of California, Mexico or the

Pacific Coast.
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In fact, every part of the world is subject to this species of visitation.

Those who talk about "earthquake countries" forget that every spot on the

earth's surface has suffered and will suffer again from convulsions of this

kind.

********

In conclusion is given the following apt quotation from the San Fran

cisco Argonaut of July 26, 1915 :

"It is not too much to say that the Imperial Valley is at once the

largest and potentially richest unified district in the United States. It is

practically a vast hot house, in which may be grown throughout the year

products which elsewhere may be produced only under glass."
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