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INTRODUCTION

While there has been no general increase in the irrigated area of

the Western States in recent years, there have been notable increases

in the acreage irrigated by water supplied from pumping plants in

several important valleys. By far the greater part of these increased

areas is served by plants pumping water from underground reservoirs.

1 Received for publication Feb. 27, 1937.
2 The authors are indebted for technical data contributed by E. H. Erwin on the Lower Santa Ana River

water-spreading studies; D. A. Lane on the city of Los Angeles project in San Fernando Valley; W. P.
Rowe on the Mojave River and Whitewater River areas; V. M. Freeman on Santa Clara River (Ventura
County) water-spreading system; Fred H. Tibbetts on Santa Clara Valley Water Conservation District
(Santa Clara County). They are also indebted to Morgan J. Peirce for making possible the initiation and
continuation of the experimental work at Azusa, and for his valuable advice and assistance during the
conduct of the experimental work. For support of the experimental work at the Anaheim and Rialto
sites, thanks are due William Wallop and Phillip B. Hasbrouck. The authors also acknowledge indebted
ness to the following for their assistance in checking and correcting those parts of the manuscript relating
to the spreading systems indicated: Francis Cuttle (Upper Santa Ana River), M. N. Thompson (Lower
Santa Ana River), George Hinckley (Mill Creek), Horace Hinckley (Day Canyon and Yucaipa Valley),
R. V. Ward (Cucamonga and East San Antonio Creeks), Phillip B. Hasbrouck (Lytle Creek), Ira A.
Lee and the engineers of the Los Angeles County Flood Control District (West San Antonio Creek) and
Bard Livingston (Waterman and East Twin Creeks).
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A survey of areas where water is pumped from underground supplies

as the principal source for irrigation use shows a generally constant

lowering of the water table. The situation is naturally more serious

in some localities than in others because some underground storage

reservoirs are larger, and consequently are depleted more slowly,

than others; and, on the other hand, some have less favorable re

charging possibilities, and consequently respond more slowly to

recharging, either natural or artificial.

It seems certain that in any area dependent upon pumped water

for either domestic, irrigation, or industrial use the recharging of

the underground supply can be stimulated by artificial methods.

This has been found to be the fact in areas studied in Arizona, Cali

fornia, Oregon, Texas, Utah, and Washington.

SOURCES OF WATER SUPPLY

The source of all water supply is, of course, natural precipitation ■

either in the form of rain or snow or both falling upon the surfaces of

drainage basins. Part of it percolates to the underground basins,

part passes into the air by evaporation and plant transpiration, and

the remainder finds its way to surface channels.

The rate at which water runs into the ocean, or percolates to the

underground basin, depends upon the character and slope of the

watershed. Even if the higher part of the watershed is exposed rock,

the condition of the rock is a factor in rate of run-off ; that is, if the

rock is shattered, fissured, or faulted, retarded run-off and con

sequently increased percolation will result. If the rock is not exposed,

the character, extent, and depth of the cover are the governing

factors. If, on the other hand, the watershed is covered with trees,

brush, and grasses in varying proportions, this makes the delayed

supply even more certain. Although vegetation consumes water and

to the extent of such consumption lessens the supply available for

power, irrigation, and domestic use, yet the benefits resulting from

plant cover more than compensate for the water it uses. Experiments

have proven that rain falling over a watershed penetrates and saturates

the soil much more effectively when the surface is covered with

vegetation than when it is denuded.

DIVERSION AND STORAGE OF WATER SUPPLY

Water may be drawn from natural lakes either by gravity flow or

by pumping, impounded in reservoirs in the natural confines of regular

drainage channels by the construction of dams, diverted from one

drainage channel to another and there stored by the creation of

reservoirs, diverted from a drainage channel directly to the point of

use, or stored in the underground basin either by natural or artificial

means and pumped to the surface when needed.

Topographic conditions may be the governing factor in the adapta

tion of any one or any combination of these methods. There are

relatively few feasible surface reservoir sites in the areas described in

this bulletin. Therefore, the utilization of underground storage is

resorted to and conditions concerning depletion or recharging of these

supplies are the major features of this discussion.

Underground basins are supplied or replenished by natural percola

tion of precipitation falling on the valley floors, by percolation of
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irrigation water, by subterranean streams flowing into the basins, or

by seepage from surface streams whether natural drainage channels

or artificially created channels intended for the conveyance of water

for agricultural, domestic, or industrial use. The rate of contribution

or replenishment of the basins may be greatly increased by spreading

the water available for such storage.

SPREADING WATER FOR STORAGE UNDERGROUND

Water spreading is the practice of diverting water from natural

channels and spreading it over adjacent porous lands. The operation

of a spreading system may be somewhat comparable to an irrigation

system, except that instead of attempting to hold the moisture within

the root zone of the irrigated crop, rapid percolation to the under

ground basin is encouraged. The water may be recovered by pumping

it back to the surface. One advantage of storing water underground

is the reduction of loss by evaporation, because while there is, of course,

some evaporation loss during the process of spreading, the spreading

usually occurs during that part of the year when evaporation losses

are lowest. On the other hand, it may be that not all of the water

stored underground is recoverable but it is believed that the greater

portion can be recovered. Any flood flow not stored either naturally

or artificially, is obviously wasted.

Water spreading is to be recommended as practical and economical

in certain areas and under certain conditions. The value of this

practice is, of course, a local problem depending on the cost of water,

type of crops to be irrigated or the use to which the recovered water

is to be put. The determination to adopt this method of conservation

must be based upon a thorough study of quality and quantity of

available flood water for spreading; the surface conditions with

reference to slope, soil type, vegetative cover; the possibilities of

diversion structures and channels, the underground conditions and

numerous other factors.

The most efficient spreading systems are located on the debris cones

of the streams utilized and above the line of intercepting wells. In a

description of the formation of these cones it may be well to take as a

typical case the debris fans formed by the southern California streams,

because these are more pronounced than in other sections where water

spreading may be practiced.

At the mouths of all the canyons descending from the Sierra Madre

are cone or fan-shaped accumulations of boulders, cobbles, gravels,

and sands over which the streams can pass only at times of flood,

because at ordinary stages the flow is completely absorbed in these

debris beds. This is particularly true of the smaller streams and

especially when the canyons from which the streams debouch are

steep.

Surface flow appears, however, on the larger streams during and

even after floods, and in the lower sections there may be found some

flow throughout the year.

From an actual field study of the several debris cones upon which

water conservation activities have been carried on, the authors agree

with Hilgard 3 in his description of their formation and base the

following outline on his description.

3 Hilgard, E. W. studies of the subterranean water supply of the san Bernardino valley
and its utilization. U. S. Dept. Agr., Off. Expt. Sta. Bull. 119, pp. 103-159, illus. 1901.
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STRUCTURE OF DEBRIS FANS

It is interesting to consider what must be the structure of the valley

deposits formed under the conditions which have evidently obtained

in the formation of these cones, when the winter floods poured out their

loads of coarse debris over steep slopes reaching 1,000 feet or more be

low the canyon mouths. Apparently, there was first formed a steep

half cone of boulders and cobbles, leaning against the slope, with toe

like ridges of the same materials radiating out. Over this cone the

water found its way to the bottom of the valley and flowed out from

the foot of the cone, carrying with it the finer materials, which were

deposited about the base and farther down the slope of the stream,

gradually building up around the core of coarse materials a mass of

less pervious deposits, alternating with occasional irregular beds of

gravel and cobbles carried by flood waters to a greater or less distance

from the central cone. The central cone remains permanently the

reservoir of a pressure column from which the stored waters flow out

ward with varying velocities and pressures, according to the levels and

the perviousness of the materials penetrated.

The channel or channels on debris cones or fans frequently shift from

one side to the other, usually gradually, but sometimes abruptly, in

consequence of an accumulation of boulders left across the previous

course of the stream by some unusually heavy flood. Cobbles and

gravel will be left behind wherever a flood finds an opportunity for

spreading out, therefore such deposits are rarely continuous for any

great distance, except in the main channel of a deep valley. This

variability and discontinuity of strata in debris cones, which can be

seen in many sections, either natural or derived from the record of

borings, implies that we can rarely expect to find similarity on the cross

section of a fan, while to a limited extent we may look for a certain

continuity in radial sections or directions. In many cases, however,

pervious deposits connected with the central cone may terminate at

or near the surface of the fan, especially where it has suffered subse

quent denudation. When this is the case there are formed water

bearing lands or cienagas, which are highly prized as sources of irriga

tion waters, and which are obtained by ditching, tunneling, or boring

into the fans or alluvial deposits of the valley, according to the steep

ness of the slopes. On the steeper slopes, flowing artesian water is

usually obtained, while on the gentler ones the wells often must be

pumped, or perhaps ditches or drifts constructed to collect the water

absorbed within the porous beds. In recent years these water-bearing

lands or cienagas have been drawn upon heavily for water supply and

drastic lowering of the water level has resulted.

A typical example of the meandering of streams over the surface of

debris cones is that of the San Antonio debris fan in southern Cali

fornia (pl. 1). Here the waters of San Antonio Creek have alternately

flowed into the Santa Ana and San Gabriel Rivers; the latter at one

time probably having been reached by a stream flowing in the wide

northern valley, in what is known as Walnut Creek wash. The

mechanism by which this alternation is brought about can even now

be seen when, after a season of unusually high water, cross ridges or

kames of boulders and cobbles are found to have formed directly in

the way of the main stream near its exit from the canyon, compelling

it to change its line of flow at a considerable angle on its way down the

fan, or sometimes dividing it into numerous channels which them
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selves may again fork on their way. Several such channels now carry

water during winter, and many more now abandoned may be traced

by the cobble belts that radiate from the mouth of the canyon. Be

tween these lie areas of finer gravel, sand, and silt, but at the present

time very little clay, since the steepness of the slope precludes the

existence of any considerable bodies of backwater. In the borings,

however, irregular deposits of red loam and clay similar to those al

ready mentioned as lying along the valley borders, are constantly

encountered, sometimes of such thickness and uniformity as to indi

cate that they form part of the original valley deposits. This is

especially the case on the upper portion of the slope, where there ap

pears to be a shelf of red clay that causes the water to rise compara

tively near to the surface in cienagas and shallow wells; while a short

distance below the depths of the wells suddenly increase materially,

and in those down the slope only minor sheets of red clay, such as

might have been redeposited by the stream in forming its fan, are

encountered in the borings.

Such a cone, as already explained, will remain easily pervious to

water down to its oldest portions, even though subsequently the fan

may be built up in front of it so as to form a long, gentle slope from

near the apex of the cone. From the latter, filled up with water by

infiltration at each recurring flood, the water will be forced into the

more porous layers, especially into the gravel beds of the old buried

channels; and if these happen to be near the surface from the effects

of erosion, or are tapped by wells or tunnels driven into the slope,

water may burst forth with considerable energy for a time, but will

subside and sometimes cease altogether when the pressure column

has been considerably lowered by the outflow. Artesian wells bored

into such a fan will be more or less variable in their flow, according to

the extent of the season's rainfall or the opportunity for absorption

that existed at the time of the flood.

Investigations made by the writers in other localities, such as the

Santa Clara County area near San Jose described later in this bulletin,

the Milton Freewater area of the Walla Walla River, Oreg., the Mill

and Cottonwood Creeks area near the city of Walla Walla, Wash., the

Bonneville and Provo bench formations near Salt Lake City, Utah,

and the Brigham Bench near Brigham, Utah, were all in areas of geo

logical formations which are adaptable to especially designed spread

ing works. There are known areas in Arizona and Texas where stream

flow has naturally overflowed absorptive areas and percolated to the

underground basins. Without doubt percolation on these areas can

be stimulated by artificial treatment.

SELECTION OF SPREADING AREAS

In the selection of suitable places to spread water, consideration

must be given to the soil type, topography, slope, area, location with

respect to irrigation diversions, surface drainage, geological structure,

and the direction of movement of the underground water. Natural

spreading grounds fulfilling the required conditions are found, as has

been stated, bordering streams near and below mountain canyons.

These elevated portions of the debris cones are generally made up of

coarse materials and they usually have convenient slopes. They are

generally too rough or are otherwise unsuitable for agricultural pur

poses, and if not used for spreading purposes would be waste land.
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Suitable grounds are also sometimes found within the mountain

canyons.

A thorough study should always be made of the underground con

ditions in order to make certain that no clay or other impervious

layer exists between the ground surface and the underground-water

reservoirs which would prevent the free downward movement of the

percolating water. Clay lenses or other impervious layers of areas

of various extent are not uncommon in these formations, and their

presence might create a perched water table and lead to erroneous

conclusions as to the true or actual water level of the basin.

Surface slopes ranging from 10 to 200 feet per mile are found

suitable for spreading areas, and method of spreading should be

determined accordingly. Artificial application of water is preferably

made outside of the flood channels, on the gravel deposits of old

channels, or more generally on the low benches bordering the stream.

The surfaces of the benches are frequently overlaid with soil formed

by the decomposition of the rocks and by vegetative decay. The

elevated lands near the mountains receive enough precipitation to

support brush and vegetation, the decay of which mellows the more

sterile sand and gravelly soils. Lands of this type give not only very

absorbent grounds, but also good conditions for the prevention of

excessive erosion.

On most of the streams where spreading is practiced, the same

general plan is followed. Modifications have been made in some

cases in view of the local topography and other conditions.

When locating a diversion structure on a debris cone it should be

realized that the cones are in constant process of formation and are

generally of an unstable character. The flood channels conveying

flow over the surface of these cones are rarely confined within per

manent banks and each successive storm brings down varying quan

tities of silt, sand, gravel, and boulders. If diversion works are

improperly designed or improperly located on these streams, the

debris carried by flood flow will accumulate above the works and tend

to throw the stream out of its channel. Therefore in all cases, ade

quate provisions should be made to permit large floods to pass without

damage to diversion works or to enter the channels intended to convey

water to the spreading system uncontrolled.

METHODS OF SPREADING

There are four distinct methods of spreading: (1) The basin method,

(2) the furrow or ditch method, (3) the flooding method, and

(4) the use of pits and shafts. Each of these has its advantages and

disadvantages, and with the exception of the last named, each is

widely used. They are often used in combination and it is not un

common to find all four methods employed in a single spreading

system. The topography of the soil surface, general slope of the

land, amount of land available for spreading purposes, condition of

water (silty or clear), and stream flow characteristics are some of the

factors which must be considered in the choice of method to be utilized

in a spreading system.

THE BASIN METHOD

In the basin method the water is impounded in a series of small

basins formed by dikes or banks. The basins are so arranged that

the entire area may be submerged during spreading. The dikes often
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follow the contour lines and are provided with outflow facilities so that

the excess water from the basin highest in elevation will escape into

the next lower basin. The outflow may occur by overtopping the

dike or by passing through the dike in pipes installed for that purpose.

Both methods have proved successful and their choice is dependent

on the material available for constructing the dikes. For the over

topping method, the dike must be of nonerodible material. In south

ern California the so-called sausage dam (pl. 9) has proved very success

ful. This type of dam is constructed by building walls of rocks of

various size and binding them together with heavy hog wire to form

a rock mattress. This form of dam is seldom constructed higher than

8 feet and is not considered economical unless the rock is near at

hand and no hauling is required. As in other structures, the principles

of hydraulics should be followed in their design and proper protection

provided at the toe of the dam to prevent erosion resulting from the

force of the overflow. Where rock is not available and the dikes are

constructed of sand and earth, pipes are laid in the dikes to carry the

outflow. The size and number of the pipes required are computed

from the amount of water estimated to be available.

The height of the outflow above the ground surface is usually set

so that, when the basin is full and water is escaping, the water will

have backed up to the toe of the dike forming the lower boundary of

the next higher basin, thus submerging the entire ground surface.

This method of spreading is used where the ground surface is irregu

lar and spotted with numerous shallow gullies and ridges. The

basins prevent the water from collecting in the gullies and running

off without an opportunity to penetrate into the soil. Experiments

and observations have shown that for this method of spreading the

percolation rates decrease with continued use. The submerged

ground surface tends to puddle and seal off the percolating area,

which must then be broken up by harrowing or scraping. An ex

ample of this method is the spreading grounds operated by the city

of Los Angeles on the Tujunga Wash near Hollywood. Here the

percolation rate drops to a minimum or almost ceases after 10 to 14

days' use. It then becomes necessary to break the surface by har

rowing, (see pl. 13, B) which reestablishes the original percolation

rate. It was found that no particular advantage over harrowing was

gained by removing the topsoil from the basins. Only clean water

from the Los Angeles aqueduct is supplied to these basins.

Spreading in basins is not recommended where the water carries an

appreciable amount of silt or foreign material, because this substance

will seal the surface of the percolating area and with continued appli

cation of such water the usefulness of the basins is completely de

stroyed. In the lay-out of some of the spreading systems this condi

tion has been in part overcome by installing gates at low points of the

basins permitting of flushing out of the deposited silt. Flushing will

remove the major portion of the silt, but is of doubtful value in causing

an increase in the rate of percolation. A disadvantage of this method

of cleaning is that it may be required during a dry period when water

for flushing cannot be spared.

Where spreading grounds are part of a flood-control and water-

conservation system, the basin method has one important advantage,

namely, that of temporary surface storage of the flood water. Some

of the larger spreading areas in southern California using this method

have enough surface storage to reduce materially the flood peak.
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THE FURROW OR DITCH METHOD

In the furrow method the water is passed through a series of fur

rows or ditches resembling somewhat an irrigation system. The

ditches are shallow and flat-bottomed and spaced close together so as

to make available the greatest possible percolating area. The slopes

of the ditches are usually such that the velocity of the water will

carry in suspension or as rolling bed load the silt and fine material

known to retard percolation.

The ditch system usually follows one of three general plans: (1) At

right angles.to the main diversion canal, lateral spreading ditches are

extended parallel to each other at frequent intervals. Pipes or open

cuts through the bank of the main feeder canal provide entrance to

the laterals. Gates are installed at each entrance so as to control the

amount of water entering each furrow. The ditches range from 3 to

12 feet in width. Their depth is determined by the roughness of the

ground surface, and in general is not greater than that necessary to

carry the water at a fairly uniform velocity over the ridges and gullies.

On the Lytle Creek system where approximately 500 miles of such

ditches have been dug an average of 9 inches of excavation was

necessary.

(2) Instead of diverting from the main canal to a series of small

ditches, the main canal may be divided into two separate ditches;

these two then divide into four smaller ditches. This division is con

tinued until the ditches dwindle to mere trickles and finally disappear.

At each division point, drop gates are provided to control the water

entering each series of ditches (pl. 2, .A).

(3) The third plan is commonly called the contour ditch system.

Here the water is spread through one ditch which follows approxi

mately the contour of the ground surface. As the ditch comes to the

limits of the area provided for spreading, a sharp switch-back is made.

Thus the ditch is made to meander back and forth across the land,

gradually approaching the lower portion of the spreading area.

For each series of ditches or furrows of the system, a reception

ditch is usually provided circling the lower portion of the specific

spreading area, the purpose of which is to collect and divert the excess

water from the spreading furrows into one main canal. It may then

be redistributed in a new series of furrows, or if the limits of the

spreading area have been reached, the water may then be diverted

back into the main stream channel. Sufficient water being available,

this is recommended as good practice for streams carrying considerable

silt, since a large portion of the silt will be carried through the

spreading system and back into the main stream channel, where

periodical floods may carry it to the sea.

No one of these methods can be recommended as having any out

standing advantage over the other, their choice being dependent upon

the topography and other influencing characteristics of the land.

The furrow or ditch method is used extensively in stream beds,

particularly where, because of flood hazard, no permanent works can

be installed. Sand bars or islands above the normal flow line of the

stream are furrowed by means of horse- or tractor-drawn plows. The

water is then diverted into the furrows by temporary dikes or dams

(pl. 2, B).



SPREADING WATER FOR STORAGE UNDERGROUND
9

THE FLOODING METHOD

The ideal method of spreading is to pass the water in a thin sheet,

and at slow velocity, over the land surface. On areas of gentle slopes

and where the topography is not cut by large gullies and ridges these

conditions can be approached more nearly by flooding than by any

of the other methods. Few such areas exist, however, and often

certain preparations must be made to prevent the water from collect

ing in small streams and running off without spreading over the

required land surface. Small ditches or embankments may be con

structed to divert the water from the shallow gullies to the higher

ridges, where it may spread in all directions, thereby wetting the slopes

of the ridges as it again runs to the lower levels. By the generous use

of these training ditches or embankments a large portion, if not all,

of the area may be wetted.

Water may enter the uppermost point of the spreading area in a

main canal and then be released to follow the gullies and training

structures. Usually, however, the use of one main ditch or perhaps

several meandering over the highest ridges or circling the upper

boundary may be desired. From these ditches the water may be

diverted at intervals. This method gives better control over the

water and in the event of the failure of a training wall or ditch, only a

portion of the spreading operation will be interrupted while repairs

are being made.

It has been found by experiment and by field observation that the

highest percolation rates are obtained on areas on which the native

vegetation and soil covering have been least disturbed. O n a properly

designed flooding system little, if any, of the percolating area will be

disturbed, the native vegetation and soil covering remaining intact.

On some lands, because of irregularities in the ground surface, it is

not possible to spread water by this method; therefore, basins or

furrows must be resorted to in order to confine the water to a definite

area. The principles of flooding should be followed, however, and

even though a basin or furrow system is the only feasible method for

the general area, the flooding method is recommended for all parcels

of land in the area adapted to its use. The cost of preparing the land

for flood spreading is much less than for any of the other methods, and

as mentioned before, the rates of percolation are higher.

A disadvantage of the flooding method is that the water is not as

easily confined as in the other methods. Suitable structures, such as

embankments or ditches at the boundaries of the spreading area,

are often necessary to prevent damage to adjacent lands by escaping

streams of uncontrolled water. As in any other system, the water

should be under perfect control at all diversion points and at the

entrance to the spreading grounds.

It is difficult to design a complete flooding system prior to the appli

cation of the water. The main ditches, the diversion works, and the

control device should first be installed, then with the application of

water the smaller training walls and ditches can be located and con

structed to the best advantage. It is advisable to have at least one

man on the grounds during spreading. The ditches and embank

ments should be patrolled and inspected, and often such simple ad

justments as the placing of a few shovelfuls of dirt in the proper place



IQ TECHNICAL BULLETIN 578, U. S. DEPT. OF AGRICULTURE

will divert sufficient water to wet several additional acres. In this

manner a well-developed spreading system may be made highly

efficient at very low operating cost.

A method often used to spread water in stream channels should

also be classified as flooding. Where the stream has a very wide

bottom, caused by the meandering of the channel, a low dam or weir

maybe extended across the bed (pl. 2, C). The water in passing over

the weir spreads out in a thin sheet over the entire stream bed and

thereby increases the wetted area. Due precaution is, of course,

taken so as not to create a hazard in time of flood by backing up the

water or diverting it out of its normal stream bed. There are little

if any operation costs in this type of spreading, other than a periodical

inspection of the dam or weir.

USE OF PITS AND SHAFTS

While the pit and shaft method does not follow strictly the defini

tion of water spreading, it serves the same purpose and is often re

ferred to as a method of recharging the underground supply, although

it is not used extensively because of its high cost and other limitations.

By this method the water, instead of being spread over the surface

of the ground, is diverted into vertical shafts or pits. The shafts or

pits are seldom sunk primarily for this purpose, but use is made of

abandoned gravel pits, old wells, or other existing holes, and in some

cases by reversing the flow of pumped wells, though this latter is not

recommended. High rates of percolation are usually obtained, but

due to the limited area involved a relatively small amount of water is

sunk in this manner. Extreme care must be exercised in the choice

of water supplied to the pits or wells, because a small amount of silt

will soon seal the bottoms and sides to such a degree that percolation

practically ceases. The character of these wells or shafts makes the

possibility of ridding them of these deposits extremely costly or

altogether prohibitive, and unless this is possible they may become

practically useless.

One condition under which this method of spreading may be justi

fied can probably best be brought out by a brief description of a

"sinking" shaft in use by the Lytle Creek Water Conservation Asso

ciation on the Lytle Creek spreading area near Bialto, Calif. A

peculiar condition exists in this case in that there are two impervious

layers lying in horizontal planes below the ground surface which

prevent water spread on the surface from reaching the underground

basin. One of these layers consists of clay about 1 foot thick at 60

feet below the ground surface, the other of cemented gravel 4 to 5

inches thick at 137 feet below the ground surface. In order to

replenish wells in the vicinity, all of which are pumped from depths

greater than 137 feet, a vertical shaft 4 by 6 feet in cross section was

sunk so as to pierce the two impervious strata. During the non-

irrigating season, the shaft is kept filled with clean water. A more

complete description of this shaft, together with the percolation

rates obtained, is discussed later (p. 74).

GROUND.WATER CONDITIONS IN SOUTHERN CALIFORNIA

The practice of spreading water for the conservation of flood flows

by storage underground is more common in southern California than

in any other section of the United States. The reason for this is
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two-fold: (1) There is greater need for conservation of water in this

manner because of the scarcity, and (2) the conditions are more

favorable.

The area in which most of the large scale water conservation works

are constructed is known as the South Coastal Basin/

The south Coastal Basin of California includes the coastal plain areas of Los

Angeles and Orange counties, together with the inland drainage areas of the Los

Angeles, San Gabriel and Santa Ana rivers, exclusive of the San Jacinto River

drainage area, which is tributary to Santa Ana River. The entire South Coastal

Basin has an area of approximately 2,500,000 acres. Of this, about 45 percent

(principally the valley land) overlies productive ground water basins. About 70

percent of these lands are irrigated or using domestic and industrial water. The

rapidly increasing population of the area has now reached about 2,800,000 people.

CLIMATE

The average rainfall on the valley lands ranges between about 10 and 25 inches

annually, the higher portions near the mountains receiving more than the low

coastal area. In the mountain areas the rainfall is considerably higher, averaging

from 20 to about 40 inches annually. Practically all of the rainfall occurs between

the months of October and May. The summer months are warm and dry. Irri

gation of crops is necessary during these months and in years of deficient rainfall,

irrigation may be necessary throughout a considerable part of the winter in certain

areas.

RUN-OFF AND SURFACE WATER SUPPLY

Although about half the area is valley and low hill land, probably two-thirds of

the total precipitation falls in the mountains, and a considerably greater part of

the total run-off originates there. The mountains are characteristically steep

and rocky; the storms are often heavy, concentrating a large part of the season's

rainfall into a few days. Consequently, heavy flood flows discharge from the

canyon mouths for short periods onto the gravel cones of the valleys. Although

there is considerable waste into the ocean during major floods, percolation of these

flood waters into the ground water basins constitutes the greater part of their

supply. Percolation of rainfall upon the valley floor during periods of excessive

rainfall is also an important source of supply.

The precipitation in normal years is sometimes and in subnormal years is fre

quently so well distributed throughout the rainy season that little or no run-off

and little rainfall percolation results. In such years there is practically no re

charge of the ground water basins, except locally near the larger canyon mouths.

Summer flow in the mountain canyons dwindles to a minimum during the time

when demand is greatest, and little has been done toward supplementing it by

surface storage reservoirs, as in general such reservoirs are prohibitively expensive.

FUNCTIONS OF THE GROUND-WATER BASINS

The summer demand for water by municipalities and irrigators is so heavy that

the diverted surface flow of streams and stored surface waters are able to furnish

only about 10 percent of the supply from local sources. About 90 per cent of the

supply originating within the South Coastal Basin comes from the ground water

basins. The capacities of most of the ground water basins are so great that they

store large excesses of ground water during years of heavy rainfall and run-off,

to be utilized during years of subnormal rainfall.

NATURE OF THE GROUND-WATER PROBLEM

The total surface area of those portions of the ground water basins in which

changes of storage take place is about 840,000 acres and in this area it is estimated

that every foot average rise or fall of the water table represents something like

70,000 acre feet change in the amount of underground water. Since there are

several hundred to more than a thousand feet of pervious materials below the

present water table in all the larger basins, and as present pumping wells generally

penetrate to a considerable distance below the water table, it can be seen that

there are many millions of acre feet of stored water within their reach. A state-

* ECKIS, R. SOUTH COASTAL BASIN INVESTIGATIONS. GEOLOGY AND GROUND WATER STORAGE OF VALLEY

fill 1934. Calif. Dept. Pub. Works, Div. Water Resources Bull. 45, 273 pp. illus. 1934. See pp. 17-19.
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ment such as this might be misleading and must be qualified by the further state

ment that there is no uniformity in magnitude of fluctuations of ground water

over the entire area. In general, but not always, however, the water tables of all

basins change in the same direction in the course of a year.

When development of the ground waters first began there was an excess rising

to the surface at the outlets of all the principal basins, and artesian pressures

existed in many places. Artesian water was obtained over a large part of the

central and southern Coastal Plain. These surpluses have been gradually re

duced over a long period of years together with a gradual depletion of the stored

ground water. However, the storage capacities are so great, compared to the

annual changes of storage, that the decline has been gradual and difficult to evalu

ate.

Although the storage capacity of the basins at first seemed almost unlimited,

it has become increasingly evident that this is not true. The city of Los Angeles,

some years ago, found it necessary to bring water in from Owens Valley to supply

its increasing needs. More recently it has gone into the Mono Basin for additional

supplies.

Now the Metropolitan Water District is preparing to bring in enough water

from the Colorado River to supply the present overdraft and to provide for a long

period of future expansion. However, there is not at present a universal over

draft in the South Coastal Basin. Ground water is being drawn from 37 rather

distinct ground water basins in the area, and although ground water conditions in

these are more or less interdependent, the physical characteristics and local supply

and demand make each basin a problem in itself. If past rate of replenishment

is a criterion there is clearly a surplus of ground water in some basins today, in

other basins alarming shortages have developed, and it is necessary to determine

for each basin whether a permanent overdraft exists, and if not, whether and when

the condition is likely to develop.

A proper evaluation of the changes of storage represented by the rise and fall

of the water table is essential to the correct interpretation of the present situation,

and to possible predictions of future trends.

In determining the storage capacity of an underground basin, it is

necessary to consider more factors than are involved in the deter

mination of surface reservoir capacity, where only the average length,

width, and depth are used. In an underground reservoir, in addi

tion to these three factors, we must at least approximate the pore

space of the mass constituting the basin fill. From these data we

may determine the specific yield or the amount of water which may

be recovered from this myriad of pores. The term "specific yield" as

used in relation to the mass of basin fill is the percentage of its total

volume that may be occupied by water which in turn may be yielded

under the force of gravity, when the water plane is lowered. The

specific yield may vary for any two basins or even for different por

tions of the same basin. In studies of the 37 basins of the south

coastal area of California the specific yield was found to vary from

4.5 to 12.0.

STATUS OF PRESENT UNDERGROUND WATER SUPPLY

Recession of a water table is caused by decrease in precipitation,

excessive draft, or both. Unfortunately, both conditions are generally

present in dry periods, since a decrease in precipitation nearly always

results in greater demand for irrigation water. There has been, how

ever, a constantly increasing draft upon the underground water for

many years due to increase in the population and in the area irrigated.

Table 1 gives a summary of the increased demand for water both

domestic and irrigation. The figures were taken from the United

States census report and include Los Angeles, Riverside, San Ber

nardino, and Orange Counties.

It will be noted that for the 20-year period ended 1930 the popula

tion increased approximately 300 percent and the area irrigated in

creased nearly 62 percent. In the same period the capacity of the
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pumped wells was increased from 1,631,309 gallons per minute to

3,435,842 gallons per minute for irrigation purposes only.

Table 1.—Population, area irrigated, number of wells, and capacity of pumping

plants in stated years

Irrigation wells

Year Population
Area irri

gated
Flowing Pumped

Number Capacity Number Capacity

Number Acres
342, 356
547, 260
561,961

Gallons per
minute
275, 663
164, 955
38, 038

Gallons per
minute
1,631,309
2, 459,110
3, 435, 842

1910 629,969
1, 121, 528
2, 542, 090

1,596
918
242

3,494

4,886
5, 874

1920

1930

The point at which the demand for water overbalances the ability

of the basins to recharge is not known. It is thought, however, that

no universal overdraft exists as yet for the area as a whole. Surpluses

exist in some basins and alarming shortages have developed in other

basins. There has been a general downward trend in water levels

throughout the area since 1917. In that year the levels were at a

 

Figure 1.—Fluctuations in water levels in Williams well near San Bernardino, Calif.; the Neil well in the

lower Santa Ana River area; and Baldwin Park key well in the city limits of Baldwin Park.

high point following the 3 years of heavy precipitation, 1913-14,

1914-15, and 1915-16. Since 1916 the rainfall has been much below

the average with a resulting decrease in stream flows. Records from

three wells have been plotted on figure 1. The Williams well is

located near San Bernardino on the upper Santa Ana River and the

Neff well is on the Irvine ranch in Orange County and is considered

fairly representative of the lower Santa Ana River area. The Baldwin

Park key well lies within the main basin over which the San Gabriel

River flows. The records of these wells are shown merely to indicate

the trend of the water levels and do not necessarily indicate the total

drop throughout the four counties. As stated there are 37 rather

distinct ground-water basins in the area and each has its own char
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acteristics. Some have large seasonal variations in the water levels

and others show only gradual changes. The drop in levels since 1917

in different basins has varied from 15 to 245 feet. In some instances

the change in levels varies within the limits of the basins due to

unequal distribution of wells, the location of the recharging stream,

and other causes. In general, the basins lying in the foothill regions

are subject to greater fluctuations than those in the valley areas.

Even though no universal overdraft exists the drop in water levels

has been watched with considerable alarm due to the increased

pumping costs, and the importance of conserving all run-off possible

to recharge the basins, by spreading or other ways, is realized. Lower

ing the water levels increases the cost of water until crop returns no

longer show profits. This point arrives sooner with some crops than

with others. Efficiency studies made by the Los Angeles County

farm advisor's office in 1931 in Lancaster Valley show that the average

cost of pumping 1 acre-foot of water per foot of lift was about $0,032,

exclusive of interest, and about $0,040 with the interest added.

These studies were made with pumping lifts of about 100 feet. In

some localities the costs have been further increased because of the

necessity of sinking deeper wells and installing deep-well pumps.

The total seasonal rainfall is not an accurate measure of a wet or

dry year in respect to the recharging effects. In some years the total

rainfall may come in one or two storms of high intensities, with the

streams approaching flood stages and a considerable proportion of the

run-off reaching the ocean before it has an opportunity to percolate

to the underground basins. The development of water-spreading

areas has now made it possible to save much of the water originating

from such storms. In other years the rain may fall at frequent

intervals throughout the winter season and at such intensities that

very little run-off occurs.

During the 1934-35 season the rainfall was from 20 to 40 percent

above the average and distributed in several storms of low intensities

through the season so that practically no run-off wasted into the

ocean. Much of the run-off that did occur at the mouths of the

canyons was diverted and spread. In addition to the recharging

effects of the rainfall and stream flow, the draft upon the underground

water for the irrigation of crops was made unnecessary and the pump

ing demand therefore relieved throughout the area. The first storm

of the year occurred in October 1 934 when pumping for irrigation was

stopped. The rains continued at frequent intervals until late spring

in 1935 so that pumping did not start until May. Use of gravity water

also became unnecessary in October and this water, augmented from

time to time by rains, began to recharge the underground basins by

seepage.

The water levels in basins nearest the foothills were the first to

be affected. Then because of leakage from one basin to another, the

rain falling on the valley floors, and the stream flow reaching farther

out from the hills, the water levels in other basins began to rise. In

some of the larger basins of the coastal area this rise in the water

plane has been very small, but has resulted in stopping, or at least

retarding the recession.

It is difficult to determine the effects of one season on the water

levels in the lower basins as the change in water levels is gradual.

The effect of a wet year may not be fully felt for a year or more after

the end of the season.
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The effect of spreading winter flows to stimulate underground

storage can be seen in the San Gabriel River Valley. The stream

flows were stored by the city of Pasadena behind the Pine Canyon

dam and later released at a regulated rate so that the entire flow

percolated to the underground basins through natural channels and

by artificial spreading over adjacent brush-covered lands. The total

amount released is not definitely known, but there were 52,000 acre-

feet spread in the vicinity of the canyon mouth during the season, with

over half of this being spread in Canyon Basin. An average elevation

of the water levels in Main Basin lying immediately below Canyon

Basin was 265.5 feet in 1929, 258.0 feet in 1934, and 268.7 feet in

1935. These averages are based on records from six wells spaced

about the basin and indicate the highest elevations reached during

those years.

No attempt was made to determine what proportion of the 10.7

feet rise of water level shown in difference between average readings

 

Figure 2.—Location ofspreading grounds in Riverside, San Bernardino, Orange, and Los Angeles Counties,
Calif. The figures indicate the approximate locations of the spreading areas on the different debris cones
or in the stream channels. 1, Whitewater River; 2, Mill Creek; 3, Upper Santa Ana River; 4, Mojave
River; 5, Waterman-Twin Creek; 6, Devil Creek; 7, Lytle Creek; 8, Day Creek; 9, Cucamonga Creek;
10, San Antonio Creek; 11, San Gabriel River; 12, Tujunga, Wash.; 13, Lower Santa Ana River; 14, Cold-
water Creek; 15, Yucaipa Valley.

of 1934 and 1935 was due to artificial spreading, precipitation falling

on the valley floor, or percolation from natural stream channels.

The water levels in Canyon Basin rise each year almost to the ground

surface as the result of spreading operations. This particular basin is

discussed more fully in connection with the water-spreading area lying

within the basin.

SPREADING SYSTEMS IN CALIFORNIA

In general, the geological formation and the differing characteristics

of the several basins determine the method of spreading adopted on

each of the debris cones within the particular basin. In California,

spreading systems have been planned and developed either on the

elaborate scale required by the size of the particular system, and which

may incidentally involve more than one method on the same cone, or

on a much reduced scale involving only one method on the smaller

cones. In the following description of these several spreading systems

each lay-out is discussed. The location of these spreading systems is

shown in figure 2.
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UPPER SANTA ANA RIVER

The upper Santa Ana River spreading area covering approximately

3,000 acres now developed for spreading is one of the largest in southern

California (pl. 3). There are available about 2,000 additional acres

susceptible of development, making a total of about 5,000 acres suit

able for spreading purposes. The spreading area is located on the

debris cone immediately below the point where the Santa Ana River

leaves the canyon and in the vicinity of Redlands. The work, first

started in 1911, is sponsored and maintained by the water conservation

association, which is financed by counties, municipalities, and mutual

water companies. During the last few years considerable money has

been spent on this project by the Federal and State governments

through the various emergency relief organizations, and some funds

have been spent by local counties and municipalities.

Both the basin and ditch methods of spreading are used in the

design of the system (fig. 3). The series of basins lying at the upper

end of the system is formed by 14 rock dikes. Dirt is piled against

their upper faces to prevent too free flow of water through the rock

dams (pl. 4, A). The dikes follow approximately the contours of the

land and range in length from 1,500 to 5,000 feet. Since the tops are

level (pl. 4, B), the heights of the dikes vary as the ridges, gullies, and

other irregularities of the land are crossed. The average height is

between 3 and 4 feet.

Water is supplied to the basins by a main canal leading from the

diversion weir which extends across the Santa Ana River. The

amount of water supplied to the basins is controlled by drop gates at

each entrance. On the ridges between gullies water is encouraged to

flow through gates in the walls, and pipes are also installed for that

purpose (pl. 4, G). After wetting the ridges the water flows back to

the gullies and is caught behind the next lower dikes and redis

tributed.

It was found by the operators of the spreading grounds that the

percolation rate decreased appreciably with the application of dirty

or silty water, and during the last few years no water of a character

tending to reduce the efficiency of the percolation area has been

diverted to the basins. This, of course, has resulted in the loss of a

considerable quantity of storm water, because the water of the river

does not generally become clear until 2 or 3 days after a storm. In

order to avoid this waste an entirely different design has been adopted

for the lower two-thirds (approximately) of the spreading area. Here

the water is diverted from the main canal to flat-bottomed lateral

ditches extending out at right angles from the main canal and approxi

mately parallel to each other. These laterals are so spaced that 20

acres of land lie between any two. By means of removable check

gates set in the laterals the water is raised to sufficient depth to permit

it to escape through 10-inch pipes set in the banks and spread over the

20-acre parcels of land. The checks are so spaced and are of suffi

cient height to cause the water to submerge the entire bed of the lateral

ditches. By drawing off the surface water through the pipes the dirt

and silt settle in the ditches. It is expected that in time the ditches

will gradually become filled with sediment and cleaning will be necessi

tated. This can be accomplished by removing the check gates and

turning in a large head of water so as to scour out the ditches, since

they have been laid out on sufficient grade to provide the desired
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velocity. Each ditch spills into the main channel of the Santa Ana

River or into adjacent Plunge Creek.

In designing the system it was estimated that a percolation rate

of one-half second-foot per acre (1 acre-foot per acre per day) would

be obtained for the gross area. Since each lateral feeds 20 acres the

laterals were designed to carry 10 second-feet with the check gates

in place. For flushing with the check gates removed, the laterals

were designed to carry 50 second-feet. Most of the laterals are 15

feet wide with slopes of 0.5 percent. The others are 22 feet in width

with 0.14 percent slopes.

There have been 33,000 lineal feet of main canal, 88,388 lineal feet

of laterals, and 49,700 lineal feet of dikes completed, with 14,000 lineal

feet of secondary canal, and 60,000 lineal feet of laterals proposed for

future construction. Additional acreage will have to be acquired for

the proposed work.

A Parshall measuring flume, 18 feet wide at the crest, has been

installed in the main diversion canal to measure the water diverted

(pl. 5, A). The Bureau of Agricultural Engineering has for the last 2

years maintained a water-stage recorder to record the flow during the

spreading season. The capacity of the flume is 1,000 second-feet.

LOWER SANTA ANA RIVER (ORANGE COUNTY)

In the upper Santa Ana River excellent conditions prevail for the

spreading of flood waters for replenishment of the underground

supply, but the introduction of any permanent or extensive spreading

system in the stream bed of the lower Santa Ana River Valley, would

be difficult without first acquiring the privately owned lands and the

construction of some form of permanent bank protection. That

portion of the stream bed where maximum absorption occurs is with

out bank protection and the bordering lands are in a high state of

cultivation and of great value. Any attempt to introduce permanent

retarding or check dams, permanent ditches or control works, with

out adequate protection, might lead to a change of channel course,

damage citrus groves or other crops, and might result in court action

in case of the overflow of the river in times of flood. Consequently,

while there is opportunity and need for some sort of artificial spreading

when there is flood water in the stream bed, no permanent works

have been installed.

It is true that even in its natural course to the sea a considerable

portion of these flood flows finds its way through the porous stream-

bed materials to the underground basin. If the area wetted, however,

could be increased, there would be a corresponding increase in the

amount of water conserved, and furthermore the higher up on the

stream this percolation took place the greater the number of wells

benefited.

In order to, in some manner, increase the contribution to the con

stantly falling water table in the lower Santa Ana basin, the Orange

County Flood Control District cautiously started some work in artificial

spreading during the winter of 1931-32. This was done by studying

the behavior of the meandering flood stream, within the banks, and

diverting part of the flow over sand bars not naturally covered by

the low-flood flows. The water was spread, both by small shallow

basins (pl. 5, B and (J) and in ditches, formed by temporary banks

of sand and burlap sacks filled with sand. The detailed lay-out of
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this work and the results obtained are more fully discussed in the

section on experimental work (p. 77).

During the 1934-35 season, water was again spread over the sand

bars. Because of difficulty in maintaining banks of basins, the ditch

system of spreading was adopted for this season. The ditches, shown

in plate 6, A were constructed by hand and by a tractor-drawn blade.

Temporary dikes of sand and sand-filled sacks were employed to divert

the water.

In order to obtain data on the amount of water thus stored and the

rates of percolation for the respective areas over which water was

being spread, the Bureau of Agricultural Engineering in cooperation

with the Orange County Flood Control District installed four stream-

gaging stations during the 1934-35 spreading season. These stations

were located on the Chapman Avenue, Anaheim-Olive, Jefferson,

and Yorba highway bridges and each is equipped with a water-stage

recorder, recording any flow passing these bridges (pl. 6 B).

Because of the shifting condition of the sandy stream bed at these

stations, current meter gagings are not exceptionally accurate, and

because of the variation in the wetted area between stations, this

also had to be determined only approximately. Therefore, the flow

and absorption figures given in table 2, in an attempt to show amount

of water percolating to the underground basin, are approximate.

The stream-bed area between the Yorba Bridge and Jefferson

Bridge is 275 acres. It was estimated that about 15 percent, or 41.25

acres, of this area was wetted. This includes both the area covered

by the natural low-flood stream and the area artificially covered by

the spreading operations. By dividing the total absorption of 18,380

acre-feet by the total elapsed time of 143 days, an average absorption

of 128.5 acre-feet per day is obtained. This again divided by the

number of wetted acres gives a percolation rate of 3.1 acre-feet per

acre per day.

Table 2.—Flow and absorption in Santa Ana River bed for the period frorn Dec. 8,

1934, to Apr. 30, 1935, inclusive

Flow
passing
Yorba
Bridge

Absorption

between
Yorba and

Jefferson
Street
Bridges

Flow

passing
Jefferson

Absorption
between

Jefferson

Flow

passing
Anaheim
Olive
Bridge

Period
Street
Bridge

Street
Bridge and
Anaheim-

Olive Bridge

1934 Acre-feet
3,700

Acre-feet Acre-feet
920

Acre-feet Acre-feet
Dec. 8-31 2,780 870 50

1935
January 5,700

4,800
5,250
2,850

4,200
4,150
4,600
2,650

1,500
650
650
200

1,440
600
600
180

60
50
50
20

February
March

April

Total 22, 300 18, 380 3, 920 3, 690 230

LYTLE CREEK

In 1925, the Lytle Creek Conservation Association began the

development of spreading grounds lying immediately below the point

where Lytle Creek emerges from the canyon. This work was later

incorporated into the upper Lytle Creek flood-control project and

during the last 2 years carried on by the various Federal and State
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relief agencies, San Bernardino County, Lytle Creek Conservation

Association, the Fontana Union Water Co. and the Fontana Farms Co.

A strip of land approximately 5 miles in length and covering a total

of about 2,500 acres adjacent to the stream on both sides has been

utilized for spreading purposes (pl. 7). The land is held in ownership

by the Fontana Union Water Co., but right of entry was granted to

San Bernardino County by the water company for the purpose of

enabling public institutions to correct flood hazards and at the same

time conserve water.

The project in general consists of three major units: (I) Central

channel, (2) diversion weirs, and (3) spreading grounds. These are

all shown on figure 4.

 

Figuke 4.—Plan of five diversions from the main channel of Lytle Creek to separate units of the spreading
system of which the upper four have been completed.

In the upper diversion, water is directed to only one side of the

main channel, but in the other four diversions controlled canals will

convey the water to units consisting of a number of percolation

ditches running with the direction of the slope of the cone. All

diverted water in the existing system is measured at the intake of the

feeder canals through Parshall measuring flumes. The several hun

dred miles of small percolation ditches are better depicted in the

aerial view (pl. 7). At the foot of the last unit of the spreading

system, a collecting ditch is provided for the return of excess water

back to the main channel.

The central channel is 250 feet wide and confined partly by natural

banks and partly by artificial levees of an average height of 10 feet.

Across this channel at intervals of approximately 1 mile, concrete and

masonry weirs were constructed to divert the stream flow to the

spreading grounds. Floods beyond the absorption capacity of the

spreading area will pass over the weirs and be carried off through this

channel. The completed project calls for five weirs of the ogee type

of which four have been completed.

With the exception of weir no. 1 (farthest upstream), water is di

verted at both ends of the weirs to nine separate spreading units, the

no. 1 weir having only one diversion. At each diversion point, slide

gates operated manually by vertical screws control the amount of

water diverted. Two weirs of different types with the gates at one

end of each are shown in plate 8, A and B. Immediately below each

diversion, reinforced-concrete Parshall measuring flumes have been

installed to measure the amount of water supplied to each spreading

unit.

Because of the large amount of rolling bed load carried by the flood

stream and consisting of sand and gravel, the ditch method of spread

ing is used exclusively. The water is passed through a system of
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ditches at carrying velocities sufficient to prevent deposition of the

moving material. Each spreading unit consists of a main canal lead

ing from the point of diversion to the outer limits of the spreading area.

From this canal at about 35-foot intervals, flat-bottomed ditches are

extended parallel to each other, down the slope of the land to the next

diversion canal. It is from these ditches that the water percolates

to the underground flow. Most of these spreading ditches are 12

feet in width but some are 6 feet wide. They have flat bottoms in

order to obtain the greatest possible wetted area. The average depth

of excavation of the average ditch is about 9 inches. A minimum

slope of 1.5 percent was used in laying out the ditches. The general

slope of the land varies from 2 to 3 percent. The spreading ditches,

shown in plate 8, C, are connected to the main diversion canal by

pipes set in the banks of the canal. The amount of water taken by

each of the spreading ditches is controlled by a barrier of rock placed

across the ditch in front of the pipe intended to check the flow and

raise the water in the canal to sufficient height to divert it to the

spreading ditches.

Because of the large amount of sand and gravel diverted during

storms, some trouble has been encountered at the upper ends of the

diversion canals. The deposition of this material is thought to be

partly caused by these barriers. While this has not interfered greatly

with the spreading operations, it has affected the accuracy of the

measuring flumes.

There has been a total expenditure of $665,606 on the project, of

which about $530,000 was expended for hand labor by the Federal

relief agencies. The county of San Bernardino cooperated in furnish

ing material, equipment, and some supervision, and the Fontana

Union Water Co., acting for the Lytle Creek Conservation Association,

furnished the services of general superintendent and chief engineer

(part time) and some office help. Engineering office and equipment,

surveying instruments, and supplies were furnished by the Fontana

Farms Co. Approximately $32,000 was spent by the Lytle Creek

Conservation Association on structures which were later incorporated

into the Lytle Creek project.

There has been 499.54 miles of spreading ditches completed, of

which 455.37 miles are of 12-foot bottom width and 44.17 miles are

6 feet in width. These were excavated entirely by hand and the aver

age cost for labor ranged between 15.1 and 17.1 cents per lineal foot

of ditch. It is estimated that the construction of 219.58 miles of

additional ditch together with diversion canals and construction of

weir no. 5 will be necessary to complete the project.

The cost of the weirs was as follows: No. 1, $11,547 ; no. 2, $17, 431 ;

no. 3, $26, 490; no. 4, $25,200; no. 5, $22,000 (estimated).

CUCAMONGA CREEK

San Bernardino County, supplemented by tne Cucamonga Basin

Association (formerly known as Cucamonga Basin Protective Asso

ciation), has sponsored an intensive spreading program on Cucamonga

Creek, north of the city of Upland (fig. 5). When completed, this

system should be capable of absorbing any ordinary flood flow.

The general character of the debris cone is somewhat different from

other cones in southern California, in that, where it emerges from the

mountains, the creek has eroded a deep cut in the cone. This cut is
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about 900 feet wide and about 100 feet in depth at the deepest point.

The cut gradually becomes shallower as it proceeds from the mountains

and disappears in 1% miles. In this cut, 12 cross walls of wire and

rock have been constructed at right angles to the stream flow. Their

purpose is to retard the flow and form basins for debris deposit and

clarification of storm water. The walls shown in figure 6 vary in

height from 8 to 10 feet and are built by binding rocks of various sizes

with woven-wire fencing. The dimensions given in the rock-wall sec

tion of figure 6 indicate that

wire of the standard widths

shown was used. Plate 9,

A and B, shows the con

struction methods used and

plate 9, C, the manner in

which they retard the flow

and spread the water over

the entire surface of the

stream channel.

Below these cross walls a

similar wall has been con

structed diagonally across

the greater part of the chan

nel bottom. In this wall,

gates have been provided at

five points so as to apportion

the water to ditches leading

to spreading units below.

Flood flows beyond the

capacity of the spreading

grounds pass around the

lower end of the wall to the

main stream channel.

Below each of the five

gates, the Bureau of Agri

cultural Engineering con

structed Parshall measuring

flumes in order to measure

the amount diverted to each

unit. They ranged from 4

to 15 feet wide at the crest

depending upon the area of

the spreading unit supplied.

Kock and masonry were

used in constructing the flumes with forms being used only on the side

exposed to the water. Sand, gravel, and boulders used, were obtained

locally with little, if any hauling. Plate 10, -A shows a flume during

construction and plate 10,5a completed flume. Water-stage recorders

are maintained by the Bureau at each flume to record the flow.

The spreading grounds consist of ditches, both natural and artificial,

meandering down the slope of the cone. Small, loose-rock, and wire-

and-rock check dams are placed at intervals to retard the flow and

encourage percolation by spreading the water over the flat spaces.

 

Figure 5.—Lay-out of walls and basins' of the Cucamonga
water-spreading system completed and proposed. The com
pleted portion is shown in solid lines. Note the group of
check dams in the upper portion of the figure and the di
agonal diversion wall into which the spreading control gates
are built, also the return ditch and levee at the lower end of
the system.
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Below these ditches a series of earth dams is proposed to impound the

water and redistribute it to other ditches. Extending from a point

near the lower end of the diagonal wall there is a series of small basins

in a line parallel and adjacent to the creek channel. These basins are

formed by earth banks and wire-and-rock check dams. Each dam

is provided with a wide-crested spillway so that excess water in the

basin highest in elevation will feed the next lower basin. The check

dams have been so spaced that the entire basin surface is submerged

when overflow to the next lower basin occurs. Flush gates have been

provided in each basin in order to flush out debris and silt or other

foreign material. The gates

lead to the creek channel and

are kept closed except at times

of flushing.

To supply water to the lower

end of the spreading grounds

a diversion weir has been placed

across the creek channel about

3,500 feet below the diagonal

wall.

Encircling the lower western

and southern edge of the area

a large canal has been dug to

collect any run-off from the

spreading grounds and return it

to the main stream channel

near the point where it crosses

Sixteenth Street (fig. 5).

There are approximately

1,000 acres suitable for spread

ing purposes on this cone and

when the entire program is com

pleted practically all of this

area will be utilized. To date

about $446,000 has been spent

on the project, most of which

was spent since 1930, by the

various Federal, State, county,

and municipal emergency relief agencies, local water companies, and

the several conservation associations.

SAN ANTONIO CREEK

One of the two areas in southern California where water spreading

for the purpose of underground storage was first practiced is the San

Antonio Creek cone . Conservation of waterwas first attempted in some

fashion in 1895 by owners of the Mountain View tunnel east of the town

of Claremont. Here some flood waters were spread above the tunnel

in order to promote its interception by the tunnel and increased later

flow. In 1896 this initial move was supplemented by causing the

diversion of flood waters of San Antonio Creek to replenish the tunnel

flow, spreading the water first near the tunnel and later farther up

the cone near the mouth of San Antonio Canyon. In 1908 and 1909

 

TYPICAL CHECK-DAM SECTION

 

Figure "6.—Cross section and construction details of
typical check-dam and cross-wall construction of the
Cucamonga spreading system.
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the program was greatly enlarged and an association of some 14

corporations and 32 individuals combined to form the Pomona Valley

Protective Association, representing claim to about 1,800 miners' inches

of water. The association purchased about 1 ,000 acres of land along

the channels of San Antonio Wash and Thompson Creek for water

conservation purposes and together with other groups control about

4.5 miles of San Antonio stream channels.

Through the efforts of the Pomona Valley Protective Association,

in cooperation with other agencies, the spreading works have improved

and expanded from time to time until at present (1936) there is a

well-developed spreading system on both sides of the stream, covering

a total of about 1,100 acres (fig. 7). On the upper east side the basins

are formed by earth dams with ends turned upstream to grade, while

the lower east portion is made up of smaller basins formed by wire-

rock check dams. There are about 700 acres on the west side of

San Antonio Wash covered by the ditch system of spreading and

about 400 acres on the east side covered by a number of check dams

 

Figure 7.—Plan of San Antonio Creek spreading ground, Los Angeles and San Bernardino Counties,
Calif. On the east side of the creek channel the basin method of water spreading is practiced, while on
the west side the ditch system is used. (See also plate 1.)

and the basin system. Three reinforced-concrete diversion weirs

have been constructed across the channel at selected intervals and so

designed as to permit of the diversion of water to either side of the

stream. Vertical slide gates control the amount of water diverted

(pl. 11, .A). In order to resist the destructive action of the heaviest

flood rushes which pass over the weirs carrying large boulders and

other debris, 40-pound steel rails, spaced 10 inches center to center,

are embedded in the concrete to form a wearing surface.

The ditch system on the west is the older development and was

constructed with the assistance of the Los Angeles County Flood

Control District. The ditches conform to the topography of the

ground and the general lay-out may be likened to a tree and its

branches (fig. 7). Check gates have been installed to control the

water at each major ditch division (pl. 2A).

Tests made by the Los Angeles County Flood Control District in

May 1931 show that due to the condition of the ditches and other

undetermined factors, the percolation rates vary considerably. The

results of these tests, made at various locations on the system, were

as follows:
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Test no:

1..

2..

Percolation per wetted acre,

second-feet

3, newly dug ditch

4, old silted canal .

5, old silted canal.

1. 38

2. 43

7. 45

.34

.56

This gives an average percolation rate of 2.43 second-feet per

wetted acre. It is estimated that about 20-percent coverage may be

obtained by the system indicating a percolation rate of about 0.49

second-foot per gross acre.

Owing to the piecemeal manner in which the system was developed

no data are available on the total cost of the system.

The area east of thewashhad little or no spreadingworks prior to 1930.

Subsequently, San Bernardino County, with the assistance to a great

extent of the various Federal relief agencies, and to a lesser extent

by local interests, has developed an extensive basin system (fig. 7).

A canal leads from the uppermost diversion weir to a series of five

large check levees located on contours about 1,500 feet apart. The

ends of the levees are turned and run up the slope of the cone in such

a way as to basin the water. The levees are provided with spillways

and gates leading to natural and artificial spreading ditches. Excess

water is collected from these ditches behind the next lower levee

where it is again impounded and redistributed.

Below these levees there are a great number of wire-and-rock check

dams, 4 to 6 feet in height, at right angles to the general slope of the land

(pl. 11, B). Earth has been thrown against their upper faces so as

to make them impervious. A constant elevation is maintained along

the top of each wall. Natural and artificial levees confine the water

at the ends thereby forming a series of basins. The walls are so

spaced that the top of each wall is at about the same elevation as the

toe of the next higher wall. The distance apart therefore varies with

the slope of the land and height of the walls. Wide-crested notches

have been built into the walls to form spillways. The basins formed

by these walls are supplied by excess water from the large levees and

the two lower diversion weirs.

No water has been available for spreading on this area since its

development and therefore no data have been obtained regarding

percolation rates.

A canal circles the lower boundary of the area to collect surplus

water and carry it back to the main stream channel. The canal also

acts as a safety device in the event of failure of the check levees or

wire-and-rock walls.

As a means of flood control, the works on the east side have one

important feature, that is, they form temporary surface storage. The

basins have a capacity of several hundred acre-feet and with this added

amount of water percolating to the underground supply through the

porous beds of the- basins, flood flows can be materially reduced.

The cost of the works on the east side of the wash, up to July 1,

1935, has been $235,295.20 not including labor provided through the

establishment of a Civilian Conservation Corps camp on the project

for 17 months.
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SAN GABRIEL RIVER

The San Gabriel Valley is the alluvial plain that lies between the

Whittier Narrows and the San Gabriel Mountains. The surface area

of the ground-water basins that lie beneath the valley floor is approx

imately 195 square miles. The maximum depth of the pervious fill is

not definitely known. A general description of the geology of the

valley and the 12 underground basins comprising its ground-water

storage capacity is given by Eckis,5 but since any reference to water

spreading in this discussion will be confined to spreading possibilities

in the upper canyon and lower canyon basins, descriptions of the

geological formations or capacity of ground-water basins will be

limited to these two.

The Canyon Basin area is about 4.4 square miles and is separated,

in part at least, from the San Gabriel Basin by the southernmost of a

series of faults of the Sierra Madre system that runs along the south

front of the San Gabriel Mountains. Its other sides are formed by

the water-bearing rocks of the mountains. These separating faults

strike across the area, and one of these forms an apparently continuous

barrier to the movement of ground water across the entire basin. This

fault divides the area into an upper and a lower basin. The lower

basin is bounded on the southeast by a fault, marked by a row of low

hills in the alluvium, trending northeasterly from Azusa toward the

San Gabriel Mountain fault.

The pervious fill in the Canyon Basin area has been derived almost

entirely from San Gabriel Canyon and is composed of coarse gravel

and boulders, in part practically unweathered and in other places

decomposed and tight. Residual clays and clayey gravels are com

paratively rare. Well logs show only 8 percent of clayey material, 92

percent being sand, gravel, and boulders. As in all cases in the for

mation of these detrital cones, the larger or heavier materials are

deposited near the mouth of the canyon.

Since 1916 an organization composed of several local water com

panies known as the Committee of Nine have spread water from the

San Gabriel River during the nonirrigating seasons. The water is

collected from the river and distributed through the ditches of the

irrigation systems to various porous areas for spreading so as to

recharge the underground basins from which it is later withdrawn by

pumping. Tail water from San Gabriel power-house is also spread

when not used for irrigation purposes.

The major portion of the water is spread on brush-covered lands

lying immediately southwest of the mouth of San Gabriel Canyon,

between the mountains on the east and the San Gabriel River on the

west. A lesser amount is carried by the Duarte ditch to an area near

the mouth of Fish Canyon on the west side of the river. These areas

overlie one of the smallest known ground-water basins in southern

California, and because of the outflow across or. through the sub

terranean barrier forming the lower boundary Canyon Basin often

becomes filled by the water spread, supplemented by the natural

percolation from the San Gabriel River wash and rainfall. When the

ground water stands at a high level only sufficient water to maintain

this level is spread in the basin. If excess water is available, part is

carried below Canyon Basin through a pipe line and spread in the

next lower, or Main Basin ; and part is carried by the east side ditches

s Eckis, R. See footnote 4.
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to San Dimas and Dalton washes where it readily sinks. A general

lay-out of the spreading system in Canyon Basin is shown on figure 8.

Prior to the 1934-35 season, a temporary check dam of rock and sand

made impervious by a canvas laid on its upper face was used to divert

the water from the river wash. In time of flood or high water the

dam would wash out and considerable water pass before another dam

could be constructed. Owing to the unstable stream-bed condition

and the objections to diverting debris and silt-laden flood water, a

permanent diversion structure was not justified. However, since

the completion of the

Morris Dam built by

the city of Pasadena

about 3 miles up the

canyon, and other

flood-control dams

under construction by

the Los Angeles Flood

Control District, no

large debris-laden

flows are expected

and a more perma

nent diversion weir

has been installed.

It consists of 18- by

36-inch concrete posts

set 12 feet center to

center on a concrete

slab, the top of which

is level with the

stream bed. The

posts rise 2.5 feet

above the slab. Ver

tical notches were

built into the posts to

hold 2-inch planks

which complete the

weir (pls. 11,0and 12,

A) . From this diver

sion weir the water

passes through a tun

nel, constructed by

the Committee of

Nine, to the tailrace

of the powerhouse.

Here it may be distributed through the ditch systems for irrigation

purposes or turned onto the spreading grounds.

The method used to spread the water on the brush lands overlying

Canyon Basin is an excellent example of the flooding method. Be

cause the water is perfectly controlled at the intake and the spreading

area relatively devoid of deep gullies and high ridges, no costly struc

tures are used in the system. The general slope of the land is approxi

mately 3 percent. Water is turned onto the land from the canals and

encouraged to spread out. By means of small ditches, check dams,

 

Well 3

Figure 8.—Spreading ground of Canyon Basin, San Gabriel River, near
Azusa, Calif. Thegeneraloutlineof thedebrisconeoverlyingthe basin
isshown. The Duarte ditch which supplies water for artificial spread
ing, the locution of the experimental plots of the Bureau of Agricultural
Engineering, and the location of key wells are also shown.



28 TECHNICAL BULLETIN 578, U. S. DEPT. OF AGRICULTURE

and training walls, the water is prevented from collecting in shallow

washes and running off without an opportunity of percolating into the

soil. The system does not follow any set design but was developed

piece by piece. This was accomplished very economically by one man

being on the grounds during the actual spreading operation so as to

build small check dams and other necessary structures at points chosen

by observation. It is estimated by the watermaster, Morgan J.

Peirce, under whose direct supervision the grounds have been de

veloped and operated, that of the approximate 450 acres of brush land

on the east side of the river, 182 acres have been covered with water

by this method. The ground surface is disturbed as little as possible

so as to leave the native vegetation intact and no attempt is made to

spread silty water.

Records furnished by the watermaster show the amount of water

spread on the east-side brush land from 1919 to 1935, inclusive.

These records are presented in table 3.

Table 3.—Amount of water spread in San Gabriel River Canyon basins by East

Side Committee by months for the years, 1919-20 to 1934-35, inclusive

1919-20-

1920-21.
1921-22.
1922-23.
1923-24.
1924-25.
1925-26.
1926-27.
1927-28.
1928-29.
1929-30.
1930-31.
1931-32.
1932-33.
1933-34.
1934-35.

Oct. Nov. Dec. Jan. Feb. Mar. Apr. May June July Aug. Sept. Total

Acre-
feet

126

170

Acre-
feet

513

1,"787

"180

377
1,629

149

Acre-
feet

421
129

2, 394

415

684
995

1, 992
1,263

1,645
221
665

4,126

Acre
feet

1,237
1,213
2, 527

:si

35
2,077
2,067
865

1,962
555

3, 260
1,631
2,477
3,857

Acre-
feet

1, 154

2, 395
566

2,689

2,789
1, 585
2,310
2, 357
1,652
1,931
2, 873
3, 456
1,811
3,591

Acre-
feet

1,944
1,924
1,300
615
921
230
929

4, 082
3, 187
3,023
2,932

383
3, 605
3, 161
2,349
4, 565

Acre
feet

2, 763
944

1,647
1,983
3, 609
1,932
604

3,207
1,240
3, 176
2, 344
605

3,171
942

2, 109
2, 068

Acre-
feet

1,414
906
464
413
530
78

3,081
1, 970

466
2,858
1,808

3, 875
486

,205

Acre-
feet
699

1, 616
478

1, 252

Acre-
feet

Acre-
feet

20

Acre-
feet

Acre-
feet
7, 974

10, 082

6, 132
12, 408
5,069
2, 878
8, 443
14,293
12, 595
11, 299
12, 092
5, 282

1!), 690

9,897
9, 411

24, 679

The total amounts of water spread since 1929 by the Committee of

Nine on all the areas previously mentioned are shown in table 4.

Table 4.— Total amount of water spread in San Gabriel River Canyon basins

Brush
land

(Canyon
and Main
basins)

Washes
(San

Brush

land
(Canyon
and Main
basins)

Washes
(San

Season
Duarte
ditch

Dimas
and

Total Season
Duarte
ditch

Dimas
and

Total

Dalton) Dalton)

Acre-feet
12,092
5, 538
22,394

Acre-feet
5, 062
2,794
6,656

Acre-feet
5, 398
5, 571
8,043

Acre-feet
22, 552
13, 903
37,093

Acre-feet
10, 641
10, 175
28, 573

Acre-feet
4, 183
3, 066
9,636

Acre-feet
5,897
3,911

13, 798

Acre-feet
20, 721
17, 152
52,007

1929-30.... 1932-33....
1930-31.... 1933-34-..
1931-32.... 1934-35. ...

In table 4 the column headed "Brush land" represents the water

spread in Canyon Basin and also that which is carried below the city of

Azusa to Main Basin. The amounts in column headed "Duarte

ditch" were estimated, based on the measured amount delivered and

the assumption that spreading was carried on during the same periods

that water was spread on the east side. The column headed "Washes"
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represents the amounts delivered to San Dimas and Dalton washes

through the east-side canals.

Attention is called to the large amount spread during the season of

1934-35. This was made possible by well-distributed rains and con

sequently a long period during which there was no, or little, demand

for irrigation water. In addition, the larger flows were impounded

behind the recently completed Morris Dam to be later released at such

a rate that the entire flow, plus the amount diverted and spread,

would percolate through the stream bed channel before reaching the

ocean. During the 1934-35 season water was spread in Canyon Basin

during 10 months. August and September were the only months in

which all of the gravity water available was used for irrigation.

The capacity of a 100-foot zone, 50 feet below the water level of

January 1933, and 50 feet above the same level, is 11,000 acre-feet 6

and 18,000 acre-feet for the upper and lower basins, respectively.

It is said the water levels lower, whether or not pumps in the basins

are operated, due to escape of water across or through subterranean

barriers forming the lower boundaries of the basins. In figure 9 the

hydrographs of four wells in the canyon basins are plotted with the

daily amount spread, together with the rainfall. The existence of the

barrier dividing the upper and lower canyon basins is shown by a study

of the well records. The Azusa agricultural well no. 1 and the Glen-

dora well lie in the upper basin while the other two, Azusa Irrigating

Co., wells nos. 3 and 4 lie in the lower basin. It is noted that the water

levels in the upper basin showed an almost immediate response to the

spreading, while the levels in the other basin showed no marked

effect until approximately 2 months later. The barrier is believed to be

a short distance above Eleventh Street (fig. 8). Data for figure 9

were furnished by the watermaster.

Records kept by Morgan Peirce indicate that a maximum of 5,000

inches (100 second-feet) can be absorbed consistently on the 450 acres

of brush land near the mouth of the canyon. This gives a percolation

rate of about 0.22 second-foot per gross acre. Tests made in 1930 by

the Los Angeles County Flood Control District check this figure

closely. Two surveys were made of the wetted area and the total

inflow measured. The results are shown in table 5.

Table 5.—Wetted area, inflow, and percolation in San Gabriel River spreading

grounds

February April
Item survey survey

Total wetted area acres. - 17.56 51.46
cubic feet per second.. 28.88 75. 65

Percolation rate per wetted acre do— . 1.64 1.47

These surveys were not made at times when the maximum capacity

of the spreading grounds was being utilized. It was estimated that 12

percent of the gross area covered by the spreading ditches carrying

water was actually wetted during the February survey, and about 1 5

percent during the April survey. On this basis the percolation per

gross acre was 0.12 by 1.64 cubic feet per second or 0.20 cubic foot per

e Eckis, R. See footnote 4.
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second for the February and 0.15 by 1.47 cubic feet per second or 0.22

cubic foot for the April survey.

As shown by the experiments made by the Bureau of Agricultural

Engineering and discussed elsewhere, the rates of percolation in this

area vary considerably due to different causes, but the results obtained

in the two surveys check as closely as could be expected of short meas

urements.

TUJUNGA WASH, CITY OF LOS ANGELES

Some 30 years ago the city of Los Angeles found it necessary to

import water for its needs. An aqueduct approximately 250 miles in

length was constructed to the Owens River, and the major portion of

the city supply is now derived from this source.

In order to maintain a constant supply, it was imperative to have

local storage facilities to smooth out the seasonal fluctuations and to

provide against interruptions on the many miles of conduit. Surface

reservoir sites were limited and exceedingly expensive. It was therefore

decided to utilize the ground-water basin of eastern San Fernando

Valley for storage purposes. Being a closed basin all water must pass

through what is known as the Elysian Park Narrows, either under

ground or as surface flow of the Los Angeles River.

The valley floor is alluvial fill of undetermined depth deposited

almost entirely by the streams flowing from the mountains forming

the north boundary of the valley. The western half of the valley,

having been formed from sedimentary soils of the San Fernando Hills

and Chatsworth Hills, is therefore a close, tight, heavy material. The

eastern portion of the valley, which has been built up by the torrential

Pacoima, Little Tujunga, and Big Tujunga Creeks, from a granite

range, is a loose sand and boulder formation. The waters of these

creeks, flowing out onto the upper gravels of their debris cones, perco

late rapidly into the gravels and join the ground water in almost a

direct line to the narrows.

Naturally artificial storage could only be considered in the eastern

portion of the valley. As a result of several years study of well logs

and water fluctuation this area has been determined roughly by the

following boundaries: The Los Angeles River on the south; Van

Nuys Boulevard and Osborne Street on the west; and San Fernando

Road on the north and east. This embraces an area of 26,000 acres.

Studies conducted by the Los Angeles City Department of Water

and Power indicate the available storage capacity of the basin between

the 1905 and 1922 water levels in this area was 150,000 acre-feet.

The year 1922 was considered as a maximum in water levels. The

material was found to have about 20 percent of voids.

During the drought of 1924-25, the department of water and power

drilled a battery of 20-inch wells, having a present capacity of 100

cubic-feet per second, on an east-west line extending across the valley.

In order to properly locate spreading grounds on which to spread the

whiter flows of the Owens Valley aqueduct so that the water could be

collected in the wells during the summer months, the city made an

extensive study of the rate and direction of movement of the under

ground water. These studies are described as follows:

At the lower end of the valley is a series of diversion works, a part

of which had been the original supply for the city previous to the

construction of the Los Angeles aqueduct and had been supplemented

by the construction of wells and galleries during subsequent years.
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These works guarantee the extraction of all waters, both surface and

subterranean, attempting to leave the valley by the natural drainage

channel of the Los Angeles River.

A series of test basins was constructed and a detailed test carried

over a period of 2 years. From studies made at the test basins, it

was found that the rates of percolation in this area vary from a mini

mum of 3.0 to a maximum of 10.0 acre-feet per acre per day for the

net area exposed. Over a 33-day period the average percolation was

6.29 acre-feet per acre per day, and for a 53-day period 3.86 acre-feet

per acre per day. The basins were cleaned only between periods.

For the gross area, which includes spoil banks and roads, a mean flow

of 1 .0 cubic foot per second per acre was apparently a safe basis of

estimate for operation of a major spreading grounds.

To observe the effect of the waters spread on the water table, a

total of 30 wells were measured. A correlation of the maximum and

minimum spread in all basins, and the rise and fall of one of the wells

at the test basins, showed an average lag of 5 days, or a rate of 20

feet per day vertically, as the water table was 100 feet below the

ground surface. The area on which the effect of spreading 1,300 acre-

feet could be traced was 1,800 acres. The maximum rise of 8.75 feet

was at the well immediately adjacent to the test area, and occurred

during the spreading of 11.0 second-feet per acre.

Velocities, as indicated by the length of time required for wells to

reach their maximum elevation from the time spreading started, using

an average of six wells, was from 3 to 4.4 miles per year, with a mean

of 3.68 miles per year for an average slope of 2.61 feet per 1,000 feet.

With the data made available by the above tests, a total of 183

acres of land was purchased in the Big Tujunga Wash, approximately

2K miles below San Fernando Road. About 15 acres of good spreading

area is lost due to the main flood channel of the Big Tujunga Wash.

The property is paralleled on the south by the main 72-inch trunk

line leading from lower San Fernando Reservoir into the city, thus

the only expense for pipe line is for distribution within the spreading

area.

The strippings of each basin were used to construct the berms

between basins, and the remainder of the soil was used to construct the

roads between each series of basins (pl. 12, B).

All construction work was done by means of tracklaying tractors

equipped with bulldozers or McMillan graders. In the construction

of the berms the bulldozer was found to be the most valuable piece of

equipment, as those berms constructed with the grader showed a

tendency to wash out when subjected to a head of water. Hand labor

was used in the clearing of the land and the smoothing down of the

berms.

Trunk lines consist of second-hand 30- and 36-inch riveted pipe.

Each basin is served by a 6-inch line controlled at the main by a

6-inch valve. Within the basin two parallel sections of 6-inch pipe,

with slots cut in them, extend out a distance of approximately 100 feet

from the end of the basin.

The completed cost per acre on the gross area for that portion under

operation is $1,269. This consists of $423 for land purchase, $506 for

pipe lines and valves, and $340 for basin and road construction.

During the period of operation the crew is composed of four men,

three regular operators and a relief man. The day is divided into

three shifts of 8 hours each.
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All basins are maintained at a uniform depth of water of approx

imately 0.50 foot (pl 13, A). This prevents wave action from cutting

into the side walls of the basins during sudden windstorms.

The operating schedule calls for the hourly reading of the pressure-

on the main trunk line passing the property, the trunk supply line, and

the staff gage on each basin in operation. A light work car is

furnished the operating crew as it is essential that rapid transportation

be available at all times should a break occur at the most distant point

of the property, which is over one-half mile from the control valves.

The careful observation of pressure is necessary due to the fact that

the supply line carries a pressure of from 80 to 115 pounds, while a safe

pressure on those lines within the spreading grounds is about 45 pounds.

Notwithstanding a pressure-control valve has been installed, it is

considered an economical precaution to make hourly readings.

As a result of the test-basin operation, it was thought it would be

necessary to clean the surface of all basins at least every 30 days.

With this in view, the first 20 acres of basins constructed were care

fully leveled to a variation of less than 0.1 foot. During the first

year, various methods of destroying the surface crust were tried. The

most satisfactory method found was to cultivate with a spring-tooth

harrow at a time when the basin had been allowed to dry to a point

where it did not form muck nor break into clods.

The effect of cultivation is to throw the bottom of the basin into

ridges and furrows with a difference of elevation of 0.20 to 0.30 foot

(pl. 13, B). The silt, which is stirred up by wave action, settles

to the bottom of the furrow, leaving the crest of the ridge free for

percolation. Soil samples taken at the same point before and after

2 years operation show that the soil, both at the surface and at lower

depths, contains less fine material than when spreading was started.

The cultivation is done by means of a small caterpillar tractor operated

by the relief man. The length of operating time lost for cultivation

varies from 8 to 24 hours per basin.

The spreading period for that season extended from July 12, 1932,

to June 20, 1933. During the year a total of 31,298 acre-feet of water

was handled at this works. The maximum flow spread was 106

second-feet on an area of 47 acres, with an average of 13.16 acres

covered with water daily. The average quantity spread daily during

the period was 91 acre-feet, giving an average rate of percolation of

6.92 acre-feet per acre per day for the season. For the year previous

the average rate was 6.15 acre-feet per acre per day.

There is apparently no record of temperature having affected the

rate of percolation of large quantities of water, particularly during

the flashy short periods of actual spreading and during the season when

flood water is available for spreading. During the operating season

of 1932-33, this phenomenon is most apparent when the rate of per

colation in acre-feet per acre per day is reduced to a monthly average.

This average varies from a maximum of 11.22 in July 1932, to a mini

mum of 5.46 acre-feet per acre per day in February 1933. There is

a decrease from the July maximum to the February minimum, and

then a gradual increase up to the following May and June, which

closely followed the water temperature as determined by a recording

liquid thermometer.

It was observed that each time a basin was shut off and all water

allowed to percolate out, if only for an hour, the unit rate of perco-

151427°—37 3
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lation decreased. This proved that in Tujunga, Wash., intermittent

operation of basins, as advocated by some engineers, will not permit

maximum rates of percolation.

To observe better the action of the spreading on the water table,

a 20-inch well, with a depth of 450 feet, was drilled adjacent to the

works. Prior to spreading, the water table stood 174 feet below the

ground surface. During the season of 1932-33 the water table rose

to a depth of 153 feet below the ground surface, a rise of 21 feet.

During the 1932-33 season, the cost of spreading per acre-foot

was as follows:
Cents

Capital investment 16

Land investment 12

Operation and maintenance charges 38

Total 66

As all of the land, and a part of the capital investment, is for a total

capacity of 200 acre-feet, the unit costs on these items will naturally

be reduced when the works are operating at full capacity.

In that portion of the works under operation for the period referred

to above, the net spreading area was 80 percent of the gross area.

The average annual charges per acre-foot of storage on four surface

reservoirs in the San Fernando Valley is $5.70 for the capital invest

ment and $3.23 for operation and maintenance, a total of $8.93.

Assuming all water spread had to be pumped from the plant with

the greatest lift, the total annual charges on this type of storage

would be $3.36 per acre-foot.

In addition to the operation of the basin spreading works, the

department of water and power annually spreads several thousand

acre-feet of water in the San Fernando Valley by means of abandoned

gravel pits. The capacity of most of these pits is limited only by

the size of the trunk supplying them. On the larger pits unit rates

of percolation are impossible to obtain. However, on one of the

smaller pits observation showed a unit rate of 24 acre-feet per acre

per day. This rate continued over a period in excess of 30 days

and at the end of the period showed no change, regardless of the

height of water in the pit.

By the use of these pits, which are for the most part located in the

upper portion of the valley most distant from the points of diversion,

the water may be stored according to the character of the season.

During the fall, if the indications are for a wet season, most of the

spreading is concentrated in those pits most distant from the diversion

works. If there is light rainfall during the fall and spreading water

is available only during the late spring, all spreading is concentrated

on those pits and the basins nearest to the points of diversion, thus

making the water available during the current summer season.

SANTA CLARA RIVER CONE (VENTURA COUNTY)

The Santa Clara River system is divided into two sections; one,

the Santa Clara Valley proper, which is involved in these spreading

discussions and consisting of the Eastern Basin (mostly in Los Angeles

County), the Piru Basin, the Fillmore Basin, and the Santa Paula

Basin. The other section comprises the coastal plain and is com

posed of the Montalvo Basin (nonpressure), the Oxnard Basin (pres

sure area), and the West Las Posas Basin. The locations of these

basins are shown in figure 10.
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A description of the basins by Gentry follows: 7

In the Eastern Basin, rainfall is small and the recent alluvium of the basin is

shallow. Climate is such that type of crop which can be raised does not justify

large expense for water. It is believed development here will be small and that

it does not constitute a threat to the water supply to the valleys down river in

Ventura County.

Piru, Fillmore, and Santa Paula basins have surplus water supply without con

servation for present and estimated ultimate development. Even after the long

period of drought now in progress the lower end of Fillmore Basin and all of

Santa Paula Basin are so full that the underground water is forced to the surface

along the river channel and a growth of willows is sustained which is estimated

to be wasting over 12,000 acre-feet of water each year. The water table in Piru

Basin lowers drastically in periods of drought but the basin will fill with normal

years of precipitation. In the other two basins only moderate lowering of the

water table occurs in dry cycles.

The Coastal Plain derives its natural supply from overflow of water which has

percolated into Santa Clara River Valley and also from percolation of floods

crossing Montalvo Basin. As development increases in the valley, supply to

the plain decreases. There is thought to be a small long-time shortage in the

Coastal Plain with present draft and if there had been the same acreage irrigated

in Santa Clara River Valley and the plain during the past forty years as there is

today, and if the pumping draft per acre had been the same as during the period

of investigation, the water table in the plain would now be considerably below

sea level. This condition threatens intrusion of water from the ocean into the

pumping strata. Further development in Santa Clara River Valley and in the

plain will increase danger from this source. It is probable, however, that for the

present type of crops in the Coastal Plain the pumping draft would be less in

years of normal or above normal rainfall than the average during the five years of

field work and if so the overdraft predicated on present draft would not actually

exist. However, intrusion of salt water would still threaten.

SPREADING ALONG SANTA CLARA RIVER AND ITS TRIBUTARIES

Although it is thought that surplus water exists in some of the

basins of the Santa Clara River system, conservation of surface flow

has been necessary not only in order to maintain the underground

supply, but to reduce high pumping lifts and consequently pumping

costs. It would also prevent or at least delay the intrusion of sea

water along the coastal plain.

In the latter part of 1927, the Santa Clara Water Conservation

District was organized for the dual purpose of protecting water rights

and conserving waters of the Santa Clara River and its tributaries.

Subsequent to its formation the district had been actively engaged in

spreading available water over the several debris cones of the main

tributaries of the river and over several areas of the bed of Santa

Clara River itself. From its inception to the close of the 1934-35

spreading season nearly 100,000 acre-feet of water have been stored

underground by spreading.

From records kept by the district the following information on

spreading has been obtained.

PIRU CHEEK SPREADING AREA

The water of Piru Creek is spread near the junction of the creek

and Santa Clara River and in the upper portion of Piru Basin. The

relative location of the spreading grounds and a profile of the ground

surface and ground-water levels are shown in figure 1 1 .

Water is diverted from the creek by means of a temporary rock-

and-sand dam and conveyed to the spreading grounds partly in an

open ditch and partly in a 48-inch pipe line. The diverted water is

7 Gentry, A. W. ventura county investigation 1933. Calif. Dept. Pub. Works, Div. Water Re
sources Bull. 46, 244 pp. illus. 1934. See pp. 20-21.
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measured through a 5-foot Parshall measuring flume, equipped with a

water-stage recorder.

The spreading ground consists of a series of nine basins formed by

artificial levees constructed to follow as nearly as possible the con

tours of the ground surface. The size of the basins ranges from 2.84

to 6.67 acres. The total surface area which can be wetted is 43.24

acres and the gross area, including the wetted surface, the surface

used for levees, and other structures, is about 55 acres. Figure 12

shows the general plan of the lay-out and the arrangement of control
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Figure 11.—Location of Piru Creek spreading system in Santa Clara River Basin, Ventura County, Calif.
Profile shows ground surface with relation to water-plane elevation for the years 1919, 1928, 1931, 1932,

and 1935.

gates in the embankments of the several basins. Water can be made

.to travel from the intake in the corner of one basin to an outlet gate

in the farthest corner of the same basin, thus following the longest

possible course, and dropping a part of its silt load. Furthermore,

the gates are of the overpour type, skimming only the surface water.

Because the waters of this creek carry silt in varying quantities, the

basins are so arranged that those in the upper section of the series

function as settling ponds, in addition to serving also as percolating

areas. The flow of water through the system is so arranged that part

of the silt is dropped as the water progresses from one basin to the

next lower one. Passage of the water from one basin to the next lower

basin is regulated by overpour gates set in the levees. The purpose of

these overpour gates is to skim off the top, or clearer, water. With a
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repetition of this process as the water passes to the next basin, the result

is the delivery of practically clear water to the lower basins. The gates

are also located in the levees so as to compel the greatest distance of

travel of the water from the intake to the outlet of the respective

basins.

 

Figure 12.—Lay-out of basins in Piru Creek spreading grounds, Santa Clara Water ConservatlonlDis-
trict. The surface slope is from north to south./

It has been the practice to delay diversion of water from the creek

to the spreading system immediately following a storm, because

during such periods the silt content of the water is high. No water is

diverted until it has been determined by test that the silt content has
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Figure 13.—Hydrograph of well on Santa Clara Water Conservation District showing effects of water

spreading.

dropped below 20 cubic feet per acre-foot of water. Since the begin

ning of operation of the system, the surface of the upper basin was

scraped once.

The average rate of percolation is estimated to be about 3 acre-feet

per acre per 24 hours. Figure 13 shows the effect of spreading as
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reflected in a well located approximately one-half mile distant. It

will be noted that the trend of the underground water surface as

determined from measurements at this well was almost consistently

downward, until spreading was started. The fluctuations in the level

 

400

5

I

to 200

3

 

rgrounds

•u/a

■5

S Si.
0 C3 Q
to 23

-Q-3
I2-P-9  -v3

j\OL „a elevation
<

r

35*000 30*000 25*000 20*000 15*000

Station numbers

10*000 5*000

Figure 14.—Location of Santa Paula Creek spreading system of the Santa Clara Water Conservation
District, near Santa Paula, Calif., as related to the Santa Clara River. The well locations are shown,
and the profile shows fluctuations of ground-water levels.

of the underground-water plane after that time are completely in

phase with spreading operations.

SANTA PAULA CREEK SPREADING

Water from Santa Paula Creek is taken out and spread over a

selected area at a point near where the creek joins the Santa Clara

River (fig. 14). A temporary rock-and-gravel dam diverts the water

to a secondary or overflow channel, where the flow is retarded and

spread by means of a number of check dams constructed at right
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angle to the slope (pl. 14, A). The total capacity of the grounds is 28

cubic feet per second. The entire acreage covered and the percola

tion rate over the area have not been determined. For the purpose of

the determination of the amount spread, a 3-foot Parshall measuring

flume was installed. The total amount spread per year is given in

table 6, and the operating costs per year for each unit of the entire

district in table 7.

Table 6.—Amount of water spread each year since the organization of the Santa

Clara Water Conservation District, and total amount spread 1928-29 to 1984-85

Location of spreading grounds 1928-29 1929-30 1930-31 1931-32 1932-33 1933-34 1934-35 Total

Santa Clara River bed south of Ca-
mulos ranch.. .

Acre-fl.

768

Acre-fl.
1,426

Acre-ft.
32

Acre-fl.
903

Acre-ft.
565

Acre-fl. Acre-fl. Acre-fl.
3,694

Santa Clara River below Torry
crossing 588 424 1,012

19, 130
87

10, 472
60, 978

Piru spreading ground 6,652 3, 100 2,042 7,336

Sespe shaft 22
135

7, 421

65
271

6, 373
Santa Paula spreading ground. 2, 191

9, 121
2,008

10, 254
1,273

1,709
6,819
1,520

4, 158
18,917Saticoy spreading ground 2,073

River bed near Saticoy bridge 2,793

Total -. 2,841 9,592 7, 165 18, 867 17,200 12,090 30,411 98, 166

Table 7.—Operating costs for the Santa Clara Water Conservation District for each

unit and for each year since its organization

Season

Camulos

Amount
spread

Operating
cost

Cost per
acre-foot

Piru Creek

Amount
spread

Operating
cost

Cost per
acre-foot

1928-29..

1929-30-
1930-31-
1931-32..
1932-33-
1933-34-
1934-35..

Acre-feet Dollars Dollars

768 184. 32 0.24
1,426 185. 38 .13

32
903 132. 74 . 147
565 29. 50 .052

Acre-feet Dollars Dollars

i 588
i 424

6, 652
3, 100
2, 042
7, 336

202. 86
129. 32
951. 24
480. 52

3 865. 65

1, 065. 89

0. 345
.305
.143
. 155
3.423

. U6

Season

Santa Paula Creek Saticoy River bed at Saticoy

Amount
spread

Operat
ing cost

Cost per
acre-foot

Amount
spread

Operating
cost

Cost per
acre-foot

Amount
spread

Operat
ing cost

Cost per
acre-foot

Acre-feet Dollars Dollars Acre-feet
2, 073
7, 421
6, 373
9, 121

Dollars
870. 66

1, 409. 99
1, 089. 78
1, 979. 26
« 983. 47

* 1,742. 44
3, 853. 27

Dollars
0. 42

. 19

.171

.217

.096
«.255
.203

Acre-feet Dollars Dollars
1928-29
1929-30 135

271
2, 191
2,008
1,709
4, 159

1930-31 146. 34
475. 45
263.71
346. 25
656. 50

0.54
.217
.131
.203
.158

1931-32-
1932-33 10, 254

6,819
1,273
1,520
(5)

166. 89
178. 00

0.131
.1171933-34

1934-35 18, 917 (•) m

1 Spreading in Santa Clara River bed below Torrey crossing.
J Includes cost of test-well records.

3 Includes cost of cleaning grounds.

* Includes cost of test-well records, protection work, new pipe-line intake, and putting new spreading

ground into operation.
« No measurements made—channel scarified twice, cost of which is included in Saticoy spreading grounds

SATICOY SPREADING GROUNDS

The Saticoy spreading grounds are located on the south side of the

Santa Clara River and east of the Saticoy bridge (fig. 15). Water is

diverted from Santa Clara River by a temporary rock-and-gravel dam
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and conveyed to the spreading grounds by concrete pipe lines and

open canals. The spreading system consists of a series of basins

formed by levees. In the levees there are control structures designed
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Figure 15.—Location of Saticoy spreading grounds and wells. Profile indicates fluctuations of ground

water levels, as recorded in selected wells for the years 1928, 1931, 1932, and 1935.

to control and regulate the flow of water entering or flowing from

each basin. A general lay-out is shown in figure 16. The grounds

are developed in two units ; the first or old spreading grounds embrace

 

Figure 16.—General plan of Saticoy spreading grounds of the Santa Clara Water Conservation District.

an area of about 65 acres of which 40 acres can be wetted. The second

unit comprises about 75 acres and by the construction of 21,735 lineal

feet of earth levees, a total of 62 acres of wetted area is made available.

Plate 14, C shows the spreading grounds during operation.
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It was reported that 48 second-feet had been spread on the old

grounds at one time and that approximately 34 acres were covered.

This would give a percolation rate of 2.82 acre-feet per acre per day.

On March 25, 1934, 53.83 second-feet were turned into the newly

developed grounds and a coverage of approximately 41 acres was

noted, indicating a rate of percolation of about 2.62 acre-feet per acre

per day, closely checking the former figure.

In order to observe the effect of spreading on the ground-water

level in this area, four test wells were sunk in the immediate vicinity,

each equipped with a water-stage recorder. The hydrographs of

these wells and two other wells, together with the amount spread and

seasonal rainfall, are shown in figure 17. The location of the test

wells may be seen on figure 15. Attention is directed to the prompt

response of the water levels in the wells when the amount of water

spread is altered.

The yearly amount spread on the grounds is given in table 6 and

the operating cost in table 7.

SPREADING IN SANTA CLARA RIVER BED AT SATICOY

Current-meter measurements are the bases for determination of the

amount of natural percolation in the Santa Clara River bed on March

1, 1933. The gaging made in the morning of that day at a point 2,600

feet above the Saticoy bridge showed a flow of 79.44 cubic feet per

second. In the morning of the same day a measurement at Montalvo

bridge showed a flow of 70.84 cubic feet per second. Therefore, dis

regarding evaporation, the natural percolation between these two

points of measurement was 8.6 cubic feet per second. In the after

noon of the same day gagings were made at the same two locations,

the flow at the point above Saticoy bridge being 70.92 cubic feet per

second and at Montalvo bridge 62.51 cubic feet per second. The

natural percolation in the afternoon observation was 8.41 cubic feet

per second. In percentage of stream flow at the point above Saticoy

Bridge, the morning measurement indicated a loss of 10.82 percent

and the afternoon measurement 11.86 percent. These measurements

showed that approximately 89 percent of the surface flow of the

Santa Clara River on that date was passing on to the sea.

In order to increase the percolation in the area involved in these ob

servations, and thereby store some of this water underground, it was

decided to scarify the bed of the river from a point 2,600 feet above

Saticoy bridge to a point about 2 miles below the Saticoy bridge. A

heavy road scarifier drawn by a 20-horsepower tractor was used for

this purpose. Table 8 shows the increased percolation of the stream

bed after it was scarified This work has been repeated during the

last 3 years, but stream measurements were made only during the

1932-33 and 1933-34 seasons. Plate 14, B, shows furrowing opera

tions.

Some attempts were made to sink water by means of vertical shafts

in 1928-29 and 1929-30, but the practice was found to be uneco

nomical.
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Table 8.—Measurements of surface flow of Santa Clara River showing increased

percolation after scarifying stream channel, per 24 hours

Discharge
above
Saticoy
Bridge

Discharge

at
Montalvo
Bridge

Percola
tion

Estimated
natural
percola
tion

Total Spread

Sec.-ft.
79. 44
70. 92

Sec.-ft.

70. 84
62.51

74. 68
78.48
79. 58
82.50
72. 77
74. 92
71. 18

74.83
70. 09

oi. io
63. 44
60. 62
59. 96
57. 12
55.91

45. 56

"43.71

40. 98

"38" 07

36. 20

39. 90
39. 06
37. 40
35. 74
34.08
32.41

30. 76

77. 40
71. 66

75.90

67. 67

60. 18

50.49
52.91
55.04
59. 03
49. 16
41.93
37. 64

37.96
37. 33

36. 27
33. 27
36. 27
32. 21
34. 66
30. 90

25. 33

23. 75

18. 21

20." 56

11.59

30. 39
28. 48

14. 21

65.30
63. 66

50. 94

35.36

31.48

30.09

Sec.-ft.

8.60
8.41

24. 19
25. 57
24.54
23.47
23.61
32. 99
33. 54

36.87
32. 76

25. 13
30. 17
24.35
27. 75
22. 46
25. 01

20. 23

19.96

20. 90
21.84
22. 77
20. 14
17.51
18. 93
20. 35
21.77
23. 19
24. 61
26. 03
27.45
28. 87

9. 51
10.58
15.29
20. 01
19.08

18.20
17.22

12. 10
8. 00

14. 77
21.55
30.26
38.79
35. 64
32.31
31.60
30.89
30. 19
30.17
30. 14
30. 12
30.09

Sec.-ft.

8. 60
8.41

8.47

8.90
9.02
9. 86
8. 26
8. 50
8.07

8. 19

7. 95

7. 19

6.87
(i. 80
6.48
6.34

6.17

"4."96

4.65
4. 48

4.32
4.64
4. 96

5.28
5.60
5. 92

6.24
6.66
6. 88

9.51
10.58
11. 22
11. 79
12.26

12.64
12. 92

12.10
8. 00
9.66
9.71
9. 94

10. 17
9.62
9.07
8.80
8.53
8.26
8.21
8. 18
8.11
8.06

Sec.-ft.

9. 67
15. 72
16. 67
15. 52
14. 11
15. 36
24. 49
25. 47
26. 92

28. 38
24.81
21.49
18. 17
22. 98
17. 48
20. 95
15.98
18. 67
16. 87
15.06
15.03
15. 00
16.04
17.08
18. 12
15. 66
13. 19
14.29
15. 39
16. 49
17.59
18.69
19. 79
20.89
21.99

4.07
8.22
8. 82

5.56
4.30

5. 11
11.84
20. 32
28.80
26.02
23. 24
22. 80
22. 36
21.93
21.96
21.98
22. 01
22.03

Acre-ft.

19. 18

31. 17
33. 06
30. 78
27. 98
30. 46
48. 56
50.50
53. 38
56. 28
49. 20
42.62
36.03
45. 56
34. 66
41.54
31.66
37. 02
33. 45
29. 86

29. 80
29.74
31.80

33. 87
35. 93
31.05
26. 16
28.34
30. 52

32.70
34.88
37.06
39.24
41.42
43. 60

8. 07
16. 30
13. 52

11.02
8. 52

10. 13
23. 48
40. 30
57. 11
51.60
46. 08
45. 21
44. 34
43.. 48
43.54
43. 58
43.64
43. 68

1 Measurements made before scarifying. Estimated natural percolation of 11.34 percent based on measure
ments made Mar. 1, 1933.

1 Started scarifying in river bed Mar. 7, 1933.
3 Starting Apr. 4, estimated natural percolation increased 1 percent per day on account of warmer weather

prevailing.
4 Natural percolation estimated 19.34 percent.
s Measured 23.84 percent loss.
e Measured 27.09 percent loss.

7 Started work with tractor.
8 Measured.
9 From Jan. 15 to Feb. 21, 1934, inclusive; natural percolation calculated at 13.40 percent.
10 Started work with tractor.
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Table 8.—Measurements of surface flow of Santa Clara River showing increased

percolation after scarifying stream channel, per 24 hours—Continued

Discharge
above
Saticoy
Bridge

Discharge
at

Montalvo

Bridge

Percola
tion

Estimated
natural

percola
tion

Total Spread

Sec.-ft.

60.80

63.39

60. 98

55. 54

69.97

"58."l7

Sec.-ft.

31. 29

32. 88

31.38

39.56

32.47"

Sec.-ft.
29. 94
29.80
29. 66
29. 51

29. 99
30. 47
30. 94
30.23
29. 52
28.81
28. 10
26. 79
25. 48
24. 16
25. 72
27.28
28. 84
30.41
28. 84
27. 27
25. 70

Sec.-ft.

8. 08
8. 10

8.12
8.16
8.26

8.38
8. 49

8.41
8.33
8.25
8. 17
7.92
7.68
7.44
7.93
8.41
8.90
9.38
8.86
8.32
7. 7!)

Sec.-ft.
21.86
21.70
21.54
21. 36

21. 73
22.09
22.45
21.82
21. 19
20. 56
19. 93
18. 87
17. 80

16. 72
17. 79
18. 87
19. 94
21.03
19.99
18. 95
17. 91
16. 87
15.83

Acre-ft.

43. 34
43.03
42.71

42. 36
43.09
43.80
44. 52
43.26
42.02

40. 77
39. 52
37. 42
35. 30
33. 16
35.28
37. 42
39.54
41. 70
39. 64
37.58
35. 52
33. 45
31.39

YUCAIPA VALLEY

The Yucaipa Valley Water Conservation District has sponsored

several water-spreading works on various creeks near Yucaipa, Calif.

** SCALE OF FEET

—J. 6-0 :—*|...,^''' loo' O " 500
 

Figure 18.—Wilson Creek spreading units of Yucaipa Valley system, showing switchback system of per
colation ditches, cross section of typical ditch, cross section of typical bank forming basins, and manner
of placing overflow pipe in banks.

In cooperation with the various relief agencies the works shown in

table 9 were completed during the years 1934-35.

The lay-out of the works existing on Wilson Creek is shown in

figure 18.



46 TECHNICAL BULLETIN 578, U. S. DEPT. OF AGRICULTURE

Table 9.—Spreading units of Yucaipa Valley Water Conservation District

Location
Method of
spreading

Size of structures
Total

capacity
Total
cost

Wilson Creek Basins 9 dikes, average height of 5 feet and 317 feet long.
6 feet wide; 2 feet deep; total length 17,100 feet..

Sec ft. Dollars

Do- Contour ditches.. .

Canals with pipe

20
15

20, 750

7,500Potato Creek
outlets.

Contour ditches.. .Wildwood Creek . 6 feet wide; 2 feet deep; total length 6,000 feet.. 5 2,500

i 10,000Atwood Lake
Acre-ft.

10

i Diversion channel to lake.

MILL CREEK

The East Lugonia Mutual Water Co. and the city of Redlands

hold 1,Q65 acres of land on the Mill Creek cone and lease an additional

1,000 acres for the purpose of spreading water diverted from Mill

Creek.

Temporary diversion weirs are used to divert the flow from the

stream to spreading ditches. These ditches are about 3 feet wide

 

Figure 19.—Plan of Mill Creek water-spreading system showing small ditch systems diverting and spread
ing water from Mill Creek.

and 2 feet deep. They meander about the cone and are broken up at

intervals into branches and these again divided into still smaller

ditches farther down the cone (fig. 19). The water is diverted and

spread by one man. The capacity of the diversion and spreading

system is estimated to be about 100 second-feet.

The total cost of the existing works is estimated to be about $9,500.

The complete development calls for the construction of a more per

manent diversion weir at an estimated cost of $50,000.

The amount of water spread each year during the 12-year period

from 1922 to 1934, inclusive, follows:

Acre-feet

1922 28,868

1923 4, 320

1924 693

1925 340

1926 2, 350

1927 6, 720

1928 3, 700

This water has been spread at a cost of 12 cents per acre-foot,

which includes the cost of digging ditches and building the diversion

weirs. The actual operating cost including labor and tools, and the

Acre-feet

1929 230

1930 3, 220

1931 480

1932 7, 200

1933 1, 236

1934 0
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taxes on the land, is approximately 8 cents per acre-foot. The cost

of the land is not included in either figure.

WATERMAN AND EAST TWIN CREEKS

Until a few years ago, a large portion of the storm water from Water

man Creek passed through the city of San Bernardino. Most of the

flow was concentrated along Sierra Way and at times of heavy run-off

it was often necessary to close the street, both to vehicle and pedestrian

traffic. In order to prevent this and at the same time conserve the

storm run-off, spreading grounds were constructed by the city near

the mouth of Waterman Canyon.

A system of dikes, the general lay-out of which is shown in figure 20,

was constructed so as to control and spread the water. The dikes

follow the general contours

of the land and are turned

up the slopes at the ends in

such a manner as to form

basins. Pipes extend

through the dikes at inter

vals to permit the escape of

excess water. The pipes

are located so that the out

flowing water strikes the

higher ridges of the land and

consequently spreads out

over a greater area before

being collected in the next

lower basin.

When the grounds were

first opened for use, the

water was diverted to the

uppermost ditch and from

this turned out onto the

spreading area below.

Considerable trouble was

encountered, however, be

cause the head works of

the ditch became clogged

with boulders and other

debris during heavy run

off, at times making diver

sion practically impossible.

Recently the system has been somewhat altered by the construction

of a diversion channel. The creek flows directly into the channel and

no major diversion structures are necessary at the head works (fig. 20).

From this channel, water is diverted at various points to the spreading

grounds by means of outlets extending through the lower bank of the

channel to the series of dikes below. Control gates are provided at

each diversion. Diversion facilities are also provided near the upper

end of the channel to permit water to escape to the natural stream bed

of Waterman Creek. The amount diverted is controlled, however,

and only that amount which will sink into the porous areas, formed by

the meandering stream bed above the paved streets of the city of San

Bernardino, is diverted at this point.

 

Figure 20.—Plan of upper portion of Waterman and East
Twin Creeks spreading system, near San Bernardino, Calif.
The diversion channel is shown with the outlet pipes
indicated in the lower bank.
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From the lowest basin excess water is passed through pipes under

Willownook Road and distributed to the spreading area through a

system of furrows in the same manner as is utilized on the Lytle Creek

spreading system.

Any water beyond the absorption capacity of the basined spreading

area is diverted to the East Twin Creek flood channel. Below

Willownook Road two weirs

have been constructed across

the stream bed in order to

spread any of the stream flow

over the entire surface of the

stream bed (pl. 14, D&nd 2 C).

Although a gaging station

is maintained at the upper

end of the diversion channel

by the San Bernardino Water

Department, insufficient data

have been collected to deter

mine actual percolation rates

of the soils of this cone or the

total capacity of the system

as a spreading area.

DEVIL CREEK

Below the mouth of Devil

Canyon the city of San Ber

nardino has constructed and

maintained small spreading

grounds, the general lay-out

of which is shown on figure 2 1 .

Twelve-inch steel pipes are set

at proper elevations in dikes to

permit of overflow to the next

lower basin when the surface

of each basin is covered.

At the upper portion of the

area water is diverted to three

ditches. From these, the

water is turned onto the

brush-covered lands through

pipes set in the banks of the

ditches. Down the slope of

the ground surface three dikes

have been constructed along

the contours of the land.

Material for the dikes was ex

cavated from the land adja

cent to and on the upper side of

the dikes, thus forming a basin with the porous gravels exposed. Pipes

are set in the dikes to allow escape of excess water and divert it to the

brush-covered lands below each dike. Spillways are provided for each

dike to carry back to the natural channel all water beyond the capacity

of the percolating area, plus the quantity passed through the pipes.

Diversion from the creek is made by masonry overflow weirs set

at right angles to the course of flow.

 

Earth dikes...
Ditches.

Figure 21.—Lay-out of Devil Creek spreading system near
San Bernardino, Calif. Flood water from the creek is first
diverted into three ditches shown in the upper portion of
the diagram. The other diversions are into four basins
formed by large dikes.
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Aerial view of San Antonio Creek debris fan (Mount San Antonio in background). This picture tells
almost a complete story of water conservation by underground storage. In the foreground, to the right
of the diagonal light streak that marks the course of the stream flowing down from the mountains, the
white strips extending from left to right represent rock dams which form terraced basins and hold the
storm water coming down the canyon.
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A Division points and drop gates provided to control water entering each series of ditches. B, Furrows
on sand bars in San Gabriel River bed near El Monte, Calif. The purpose of this system is to increase
the wetted area and at the same time keep the water moving so as to assure carriage of silt as far as possible.

C, Concrete weir on Waterman-East Twin Creeks near San Bernardino, Calif., used to spread water
over porous stream bed. Note training wall between each set of four buttresses intended to direct the

course of the overpour.
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A, Dirt is placed against upper face of dikes to retard flow of water through them. This encourages ponding
of water from crest of lower dike to toe of dike next above. B, Level top of rock dikes and varying height
as the dike crosses the irregular ground surface. C, Lower face of dike showing water flowing through
pipe in dike to next lower basin.



 

 

 

A, Parshall measuring flume and recorder house in main canal supplying water to Santa Ana River
spreading grounds. This structure has a capacity of approximately 1,000 cubic feet per second. It
measures the water for the entire spreading system. B, Preparation of stream bed of lower Santa Ana
River for spreading water out of low flood-stage channels. View from Jefferson Street Bridge, near Santa
Ana. C, Method of spreading In small shallow basins in bed of lower Santa Ana River.
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Aerial\tenofLyticCreekspreadingsystem.Eachofthefinewhitelinesrunningatrightanglestotheheavierwhitelinesisapercolationditch.Theheavierlinesdenotefeeder

canalswhichalsorecaptureanyexcesswaterflowingfromthepercolationditchesinthegheupabove.Theheavywhitelinesinthelowerleft-handcornei' indicateforestfirebreak.
Theheavywhitebandattherightcenterindicatesthelineofinterceptingpumpingplants.Vegetationsubjecttofirehasbeenrenov'eIf"oninsstriphrebreaks.
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.1, Weir no. 4 across Lytic Creek with control gates at each end. Picture shows gate at one end of the
weir. The protruding rocks are to break the velocity of the water. B, View of another of the four weirs
showing floodwater going over the weir. C, Percolation or spreading ditches of Lytic Creek spreading
system. Note the wide, flat-bottomed ditches intended to expose greatest area for percolation.
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V

A, Placing large boulders in face of "sausage" dam on Cucamonga spreading grounds. The high bank
shown on the right is one of the confining banks of Cucamonga Creek. B, Partly completed sausage-type
dam on Cucamonga spreading system. Note slope of face of dam and hog wire showing part way up
the face. The front and back wires are tied together at intervals. C, This series of 12 cross walls or dams

is built in the deep cut made by Cucamonga Creek as it emerges from its canyon. Note the height of the
confining banks. These walls are designed to spread floodwaters over the entire bed width.
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A, Parshall measuring flume during construction showing wall before backfilling. Forms were used only

on inner side of wall. Note man-size boulders laid up in mortar. All sand, gravel, and boulders for
the structure were taken from excavation. B, Complete Parshall measuring flume, looking downstream.



Technical Bulletin 578, U. S. Dept. of Agriculture Plate 1 1

 

A, View of diversion weir of San Antonio Creek spreading system, looking obliquely upstream and showing
bridge over weir and gate openings. B, Close-up of one of series of wire-bound rock dams on San An
tonio spreading grounds. Note templates left in place in lower right-hand corner. These templates

guide workers in forming face slopes and reaching crest height. Note also earth placed against upper
face to make dams more impervious. C, Diversion weir in bed of San Gabriel River constructed to divert

water for irrigation and for spreading on San Gabriel River debris cone. Note low piers, 2.5 feet high,
built as monoliths with slots for flashboards.
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A, Water flowing over flashboards of San Gabriel River weir. Note head of water being diverted into
tunnel entrance at left end of weir. B, Several of the basins used for water spreading in Tujunga Wash
operated by the city of Los Angeles. The banks dividing the basins were constructed of material taken
from the beds.
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A, Spreading in basins on Tujunga Wash by the city of Los Angeles. The feed pipe is extended well into
the basins and perforated at intervals so that the water escapes in a number of jets at correspondingly
decreased velocity. B, Spreading basins in Tujunga Wash. Note shallow cultivation of surface to break
crust. The vegetation shown on the dividing banks is intended to reduce erosion by wave or wind

action.
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A, Check dams constructed in bod of secondary or overflow channel. These dams pond the water and
thus encourage its percolation to the underground basin. B, Furrowing Santa Clara Riverbed in order
to stimulate percolation. This method is used in sandy soil. C, Oblique view of Saticoy spreading
grounds. For lay-out of system, see figure This picture shows both the old and new development
during operations. D, Looking upstream along left bank of Waterman and East Twin Creeks flood
channel. Note paved bank intended for flood control, in foreground; part of spreading weir in center;
San Bernardino Mountains in background.
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^, Almaden percolation dam (wire-rock type) constructed just below junction of Guadalupe River and

hfihS i www v' G,l,adaluf* Percolation dam. Note the wire netting supported by fence posts and
Si v , ° aAd f.ravel ha,ye ft*? Placed to raise the stream flow to a uniform level across the
channel Note also the "sausage" rolls below the dams to create a water cushion. C. Reinforced con
crete spillway of Page Dam on Los Gatos Creek, Santa (Mara Valley Water Conservation District This
structure is designed to pass a flood of as much as 10,000 cubic feet per second W
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A, Driving ^j-inch galvanized pipe equipped with well points, in the Mojave River area. The portable
air compressor mounted on the truck shown in background furnishes air for driving the hammer.
B, Measuring depth to water plane in observation wells driven in river bed. C, Near view showing
upstream side of weir of wire and steel posts and crest member. Flood flow has not yet filled in this
section of weir. This type of dam proved to be short-lived, as would be expected of the tie wires shown

in the foreground and the mesh wire forming the membrane.
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1. Weir of wire and steel posts on Whitewater River. Note that above the weir the flow of the river has
leveled the stream bed to the elevation of the crest of the weir. The material caught and held by the
wire barrier is composed of brush, stones, and other debris. The sand below the dam is wind-blown.
B, Close-up view of concrete section of Whitewater River weir. Note steel rails embedded in inverted
position to form wearing surface of top of weir and buttresses.
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1, Weir box, weir, and recorder shelter on left, and thermograph shelter on right, as installed on plot no. 1
of the Azusa experimental plots. Note the head or cross flume into which water from the weir is diverted

on center flume running down slope of plot. Note also mature grass crop. B, Center supply flume and
cross Humes as used on plots 1 and 2. Spaced at 5-foot intervals, metal flap gates permit of regulation of
flow from both sides of center flumes and lower side of cross flumes. This picture was taken at the
beginning of spreading season before the grass had opportunity to grow.
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A, Typical weir and recorder installation on Azusa plots. B, In foreground are shown the 12-ineh water-
supply pipe, the weir box, and the recorder shelter on plot no. 1. The type of vegetation and its lux

uriant growth, after spreading had been in operation for some time, are shown in the background.
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A, Furrowed plot no. 2, Azusa, Calif., looking down the slope to the plot. The center supply flume and
cross distributing Humes are shown. B, Basined plot no. 3, looking down t he slope of the plot. The
supply flume is shown on the right and the outflow recorder shelter in the diagonal corner. The flow
of water from each .Vfoot opening in the supply Hume can be seen.
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4, Method used to scrape top 1 a to 1 inch of soil from basin plot no. 3. This scraped material was removed
from the bed of the basin in wheelbarrows. B, Oats and barley growing in basin plot no. '.i during spread
ing season of 1034-35. C, Installation at shaft on Lytle Creek. The check gate in the main canal is in
the right center of the view, the sand trap in the left center, and immediately above is the 2-foot Parshall

measuring Hume. The shaft is below the tower.
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1, Broad, shallow spreading ditches on Lytic Creek. B, Six-inch galvanized Parshall measuring flume
installed to measure flow in ditch on Lytle Creek. The ditch is (> feet wide. The area covered by the
flow through the flume was determined in each case, and thus the percolation rate for the area.
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Parshall measuring flumes have been installed in the entrance to

each basin, but due to the low run-off during recent years when this

area was under observation, no data are available as to percolation

rates per unit of area, or the total absorption capacity of the system.

DAY CANYON

The Day Canyon works consist of permanent diversion rubble

masonry weirs with pipe lines conveying the water to benchlands

adjacent to the flood channel proper. The entire stream flow is

owned by the Etiwanda Water

Co. and during the nonirrigating

seasons they spread the water

which is later collected by their

tunnels and wells located direct

ly below the spreading grounds.

The spreading grounds con

sist of a series of eight basins,

each approximately 20 feet wide

by 300 feet in length, and an

average depth of 4 feet; and a

contour ditch, 4 feet wide by 2

feet deep, with a total length of

about 18,000 feet. The general

lay-out of the system is shown

on figure 22.

The total cost of the works is

$20,000 and they have a flow

capacity of 31 second-feet. It

is proposed to construct a con

duit from adjacent East Canyon

to spread the run-off from this

canyon over the Day Canyon

system.

COLD WATER CANYON

The Cold Water Canyon

spreading grounds are located

at the mouth of Cold Water

Canyon immediately above the

point at which the creek enters

Temescal Creek. Cold Water

Canyon is about midway be

tween Corona and Elsinore in Riverside County. The area available

for spreading is about 125 acres and in normal years the entire flow

of the creek can be spread.

Little has been done to develop the area other than the construction

of a concrete weir in 1935 by the Temescal Water Co. The purpose

of the weir is to divide the water into three streams and so prevent

it from accumulating into one channel and running off with lessened

chances of percolation. The center channel, shown in figure 23, is

the main channel and those on each side are secondary channels into

which only flood water would enter, unless diverted. Note how the

stream has changed its course at three different times which is typical

151427°—37 4

 

Figure 22.—Cross section of typical diversion weir on
Day Creek above Etiwanda, San Bernardino I

Calif., and diagram of switchback system of |
tion ditches.
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of streams debouching from steep canyons and carrying heavy loads

of debris. It is by means of this shifting of streams that debris cones

are built up. A plan of the diversion works, built by the Temescal

Water Co., in cooperation with the Bureau of Agricultural Engineer

ing is shown in figure 24. Provisions have been made for diversion

to any one or all three of the channels.

At the weir the amount of water entering each channel can be con

trolled by stop planks placed in vertical slots provided in the openings.

At present only a small amount of water is permitted to enter the

east ditch, because of danger of damage to adjacent lands along the

eastern edge of the spreading area. A rock wall or levee is proposed

along the edge to con-

thefine the water to

spreading area.

Parshall measuring

flumes were installed by

the Bureau of Agricul

tural Engineering in

1935, immediately be

low the diversion weir.

Flumes 4 feet wide at

the crest were con

structed in the center

and east ditch, each

with a capacity of 68

second-feet ; and aflume

6 feet wide at the crest,

with a capacity of 103

second-feet, constructed

in the west ditch. All

flumes are made with

concrete floors and 2-

inch redwood plank

walls. In order to pro

vide passage for water

beyond the capacity

of the flumes, a spill

way is provided on each

side of the center

flume. Flows above the total capacity of the flumes will rarely,

if ever, occur.

The spreading area proper is covered with native vegetation and

spreading occurs naturally by the meandering of stream channels over

the area. At present only a part of the area can be wetted, but the

land surface is fairly even and with the introduction of a few check

dams and training walls most of the area can be covered.

No percolation tests have been made on the area but it is thought

that the rate is high.

 

Glen

Hotel

toxoid Water Canyon

Figure 23.—Map of spreading grounds of Temescal Water Co. at
mouth of Cold Water Canyon, Riverside County, Calif.

WATER-SPREADING PROJECTS IN CENTRAL CALIFORNIA

In central California, spreading is practiced in some sections of the

Upper San Joaquin Valley in a different way and much less extensively.

It may be referred to as natural spreading since it is through natural

percolation of water spread over fields during the season when plants
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are dormant, or by seepage from irrigation canals kept full during the

nonirrigation season, that water finds its way to the underground

basin. Regardless of the method, however, spreading has had marked

effect on the behavior of the underground water levels in these areas.

It has most certainly regulated the pumped water supply and it has

considerably decreased the pumping lift, and consequently the power

cost.

In sections of the coastal area of central California, spreading has

been practiced in the past in a modified form and on a small scale in

Santa Clara County near San Jose, or in the area known as the Santa

Clara Valley.

The Santa Clara Valley is an extension southward of the depression

forming San Francisco Bay, and its slope is generally downward to

 

SECTION A-A

Figure 24.—Plan of diversion works, Temescal Water Co.

the northwest. Its geological history suggests that it has been alter

nately above and below sea level which has influenced its subterranean

composition. The level floor of the valley, which consists of sand,

gravel, silt, and clay, has been formed by the deposit of materials

washed down from the hills which surround it on three sides.

The fill of the valley floor is probably several hundred feet in depth

and is heavily interlaced with water-bearing gravel strata of varying

thickness. A study of the well logs, selected as to location, indicates

that about 10 percent by volume of the total valley fill is composed

of water-bearing material. These aquifers seem to be buried stream

channels of much the same character as the gravel or sand layers

found at the bottom of present active stream channels. They seem

to radiate out from large deposits of gravel and boulders which con

stitute the alluvial cones of the present streams and radiating in such
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a manner, they probably follow roughly the general direction of the

present surface drainage. Like the formation of most of the alluvial

cones these different deposits interlace and overlap, as the courses of

the streams have shifted in the building of the cones.

During the period beginning about 1916, there was a series of

years of subnormal precipitation, resulting in a decrease in the run-off

necessary for the recharge of the underground basin, while at the same

time there was an increase in the draft from these underground reser

voirs. Examination made several years ago indicated that the

precipitation falling on the valley floor contributed little, if any, to

the underground basins. It is assumed, therefore, that any replenish

ment must come from inflow from the side hills either through surface

stream beds or by unknown aquifers conveying water to the under

ground reservoir, or by a combination of both of these sources.

During the 20-year period cited above, there was a recession of the

water table of about 100 feet, which not only threatened the future

supply of underground water available for domestic, industrial, and

agricultural use, but, because in many of the wells of the valley water

was being pumped from below sea level, there was danger of intrusion

of sea water and consequent damage to crops. Furthermore, because

of the increased pumping lift, the cost of power necessary to raise the

water required for use m the valley had increased about $665,000

annually.

At about the same time that the recession of the water table began

to become marked, remedial measures were attempted, first in a small

way and finally developing into a well-worked-out plan of operation.

Neither the topographical nor geological conditions found in

southern California and which are ideally adapted for surface spread

ing prevail in the Santa Clara County area. Therefore, a system

for conserving storm run-offs and storing it underground had to be

planned to conform to local conditions. The surface of the southern

California detrital cones, previously described in this bulletin, has

little, if any, friable land as a surface cover, tending to seal olf or at

least retard percolation to the underground basins. The southern

California cone surfaces are formed of sorted boulders, gravels, sand,

and silt deposited in the order named, by the debouching streams in

their descent to the sea.

In the Santa Clara Valley the alluvial materials, over which any

artificial spreading must be done, are covered with a soil blanket of

sorted constituents and of varying thickness. This naturally retards

the percolation efficiency of the exposed surface. Fortunately, how

ever, there are several very good surface reservoir sites in the drainage

system of the valley, and in the conservation scheme adopted the most

efficient of these sites have been utilized.

In 1929 an association of citizens of Santa Clara Valley formed an

organization known as the Santa Clara Valley Water Conservation

District. The district boundaries embrace an area of 133,000 acres

in northern Santa Clara Valley, comprising approximately the level

floor of the main portion of the valley. By far the greater part of

this area is under intensive cultivation, consisting of orchards of

deciduous fruits to the extent of about 75 percent of the acreage and

the balance in truck crops. Nearly all of the area is irrigated by

pumping from wells and much of the domestic water is similarly sup

plied. Therefore, the estimated population of 110,000 is dependent
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almost entirely on this source of water supply. There are about 2,000

pumping plants in operation in the area and the pumping lift has

increased 95 feet in 15 years.

The remedial measures adopted by the district were designed

principally to correct the run-off resulting from a highly variable rate

of precipitation. Only a small part of the tributary watershed reaches

elevations over 2,500 feet and the great bulk of the run-off occurs in

flashy floods which, if not intercepted, run into San Francisco Bay.

Therefore, it was decided that the primary requirement to salvage

waste water would be to create a scries of detention reservoirs and to

release from them stored water at such a reduced rate of flow as to

encourage the absorption of most or all of the water in the stream

bed, or other absorptive areas for percolation to underground storage.

Five principal reservoir sites and one minor site were accordingly

selected on the main streams of the valley and dams constructed in

accordance with conservative engineering practice (fig. 25). These five

reservoirs will store a total of about 49,000 acre-feet for later release,

and in seasons when storm periods and consequent run-off are spaced far

enough apart, some or all of the reservoirs may be refilled one or more

times, thus adding to the water that may be released for percolation.

In addition to these reservoirs, considerable work has been done in

some of the stream beds to artificially increase percolation. Out in

the valley floor, low dams have been constructed across the creeks

with the object of leveling up the creek beds and causing a greatly

enlarged wetted area for a given flow. Most of these check dams are

of the "sausage" type, from 2% to 3 feet high, but there are a few

buttressed-type reinforced concrete dams included in the systems.

One of these sausage-type dams constructed just below the junction

of Alamitos Creek and Guadalupe River and one on Guadalupe River

proper; and a concrete buttressed-type spillway on Los Gatos Creek,

are shown in plate 15. The details of construction of the sausage-

type dams are shown in figure 26. It will be noted, these sausage dams

differ in type from those built in southern California. Most of these

structures are located in areas where measurements have shown the

percolation in the stream bed to be high, and the cost complete per

It was planned to place the spreading dams as far upstream on the

channels as possible in order to obtain greater underground distribu

tion of the percolated water. It had been determined that in most

of these areas percolation rates ran from 2 to as high as 14 acre-feet

per acre per day. Most of these spreading or percolation dams are,

of course, located so as to intercept the water released under control

from the storage reservoirs, which results in their intermittent use as

long as there is water to release from the respective reservoirs.

There are also a number of off-channel spreading units included

in the system to which water, either as natural flow or released from

storage reservoirs, is diverted to canals over gravel areas where it is

ponded for percolation to the underground supply. The aggregate

capacity of these off-channel diversions is 600 acre-feet of water per

day.

The season of 1934-35 was the first period of operation of the

system, and, because the major units were not then completed, only

partial operation or the operation of the percolation works only, was

possible. The rainfall of that season, however, was exceptionally well
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distributed, including very beneficial and unusually late, heavy rains.

Reasonably accurate estimates of inflow and loss to future use show

that of the 99,000 acre-feet of water flowing in the valley streams

during the season, only about 29,000 acre-feet were wasted.

During the season beginning with the autumn rains of 1935 and

ending March 15, 1936, the rainfall was not so beneficial as the

preceding year, because this season the precipitation was concen

trated during a period of about 2% weeks which resulted in heavier

run-off but of shorter duration. Therefore, below the watersheds

of the several detention reservoirs less run-off than usual entered the

underground storage. The partial operation of the system of deten

tion reservoirs, however, has compensated for this condition, except

that because of the abrupt ending of the rainfall season, pumping

for irrigation began earlier and obviously drew on the underground

storage.

Well readings taken at regular intervals for both the 1934-35 and

1935-36 seasons, and platted on a map of the conservation district,

Water surface during flood
 

Figure 26.—Typical section of wire-rock or sausage-type dam, as constructed by the Santa Clara Valley
Water Conservation District, Santa Clara County, Calif. Note the roll of enmeshed rock below the

dam formed to create a water cushion for flood overpour.

indicate a rise of water levels in the areas immediately surrounding

these wells. Reducing the readings to average ground-water levels

for the water supply of the district, the results show rather encourag

ing trends.

On March 15, 1936, the average water levels in the ground-water

mounds were 7.6 feet higher than at the same date in 1935, and the

average water level in the main or central portion of Santa Clara

Valley was 12.2 feet higher. It is assumed that there may be a

flattening out of the water mounds, months after the spreading has

ceased, but there will be a noticeable rise in the general water table.

It is also fair to assume that as soon as sufficient run-off is available

for the complete and efficient operation of the detention-reservoir

system, the regulated release of water from the reservoirs will prolong

the period of contribution to the percolation areas. This will, of

course, result in a gradual restoration of the normal ground-water

levels in the several parts of the valley.



56 TECHNICAL BULLETIN 578, U. S. DEPT. OF AGRICULTURE

NATURAL SPREADING IN RIVER BEDS

The Mojave River is an excellent example of how water of a stream

may be retarded and stored underground by deep percolation. Nature

has here created many of the conditions which are produced artifi

cially in the operation of spreading systems constructed along streams.

Although only meager attempts have been made to artificially spread

water from the Mojave River, a study of its behavior as natural

spreading grounds seems justified.

In a report on the utilization of Mojave River for irrigation in Victor

Valley, Calif., the Mojave River is described as follows: 8

Mojave River is situated in San Bernardino County, California, and constitutes

the chief drainage system of the northern slopes of the San Bernardino Mountains.

The mountain headwaters comprise two distinct branches, East Fork, or Deep

Creek, and West Fork which unite at the base of the mountains to form the main

river. This junction is known as the Forks. Below it the river, in its course 90

miles across the desert plain, receives not a surface tributary of consequence.

The course of the river is first northward 30 miles, then northeastward 20 miles,

and finally eastward 40 miles. The river sinks at Soda Lake at an elevation

between 900 and 1,000 feet above sea level. The mountain watershed of the

river, 217 square miles in area, extends from an elevation of 8,000 feet at the

summit of the range to 3,000 feet at the Forks. The upper portion has heavy

precipitation and the main tributaries are never dry. In the summer the water

sinks in the river a short distance below the Forks but appears again several

miles below, reaching the Upper Narrows at Victorville, 14 miles below the Forks.

The surface flow continues through the Lower Narrows 4 miles farther down

stream and again sinks several miles below Oro Grande. The water is then

brought to the surface for short distances at a number of other points, these points

being farther apart and the flow of diminishing quantity toward the lower end of

the stream. At places in the dry channel water may be had by digging to shallow

depths. The water is generally seen at Helen [now known as Helendale] 10 miles

below Oro Grande and again at Hicks [now known as Hodge]. * * *

The late winter flood water resulting from the melting snow reaches to Barstow

and generally to Camp Cady as an unbroken stream. Some years it reaches

entirely to the broad basins of Soda and Silver lakes, which it fills to a shallow

depth and in which the water gradually disappears by sinking and evaporating.

The floodwater generally flows to Barstow from December to April or May.

This study is confined to that portion of the river lying between the

forks and the upper narrows at Victorville. Unlike most other

ground-water basins, this basin is supplied from one main surface

source and all the outflow is concentrated at one point and can be

measured with reasonable accuracy. Owing to the scarcity of pump

ing wells there is little interference of the ground-water movement

from this source, and any fluctuations of the water level can be charged

to some natural occurrence.

The Arrowhead Reservoir & Power Co., predecessor of the present

Arrowhead Lake Corporation, maintained stream-gaging stations at

the forks and at the lower narrows and made a complete record of

daily flows at these points for the seasons 1905-06 to 1914-15, inclu

sive. During the same period and extending up to 1921, this same

company observed water levels in the porous basin area. Because

they are the most complete and cover the greatest number of unbroken

years, the study is based largely on these records. More recent

records are available with the reestablishment of the gaging stations

by the United States Geological Survey and are used whenever possible

to augment the earlier records.

During the winter season of 1934-35, the Bureau of Agricultural

Engineering put down a series of observation wells and took periodical

8 McClure, W. F., Sourwine, J. A., and Tait, C. E. report on the utilization of mojave river
for irrigation IN victor valley, California. Calif. Dept. Engin. Bull. 5, 93 pp. illus. 1918. Seep. 11.
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readings on these and other wells throughout the season (pl. 16, B).

No large flood flows occurred, however, to add to the information

gained by a study of the earlier records.

The observation wells put down by the Bureau consisted of well

points fitted onto %-inch galvanized-iron pipe. They were driven

into the ground by means of an air hammer with a special fitting made

to fit the %-inch pipe. Depths of 30 feet were reached with little

difficulty by this method (pl. 16, A).

Immediately below the forks, the stream channel occupies a narrow

section for about 2 miles after which it gradually broadens until the

point of rising water created by the constriction at the narrows is

reached. This point of rising water is about 10 miles below the forks

and about 4 miles above the narrows.

The absorptive flood channel of the Mojave River traverses a sandy

and porous basin having an average width of about a mile and con

sists of coarse sand and gravels with indications of some clay lenses.

The area of this basin is approximately 5,800 acres and is the area in

which the most effective storage of absorbed flood flows occurs. To

the east and west of the basin the land lies at a considerable elevation

above the river and consists of more impervious material, offering

greater resistance to percolation.

The stream flow at the forks in normal years is lowest during the

late summer and early fall months. When cool weather comes, the

evapo-transpiration losses 9 are less due to decreased temperatures and

defoliation of the native vegetation, and stream flow gradually in

creases and is further augmented by light autumn rains. As this flow

passes the forks, it is absorbed in the porous stream bed where it per

colates downward to the underground-water table and gradually

replenishes the basin. As this basin is replenished, the water table

rises until the basin is filled and the surface stream gradually increases

in length to some 2 miles below the forks, before the winter floods

begin.

A very large percentage of the first flood flows is absorbed in the

stream bed and it usually requires a flow of over 500 second-feet at

the forks to reach the point of rising water above the narrows as

surface flow. Even in the driest years the maximum depth to water

at the upper end of the basin never exceeds 50 feet below the stream

bed and is gradually less as the point of rising water is approached

downstream. The first floods that occur lose a portion of their flow

by direct downward percolation, which, of course, is at the maximum

rate of percolation because of the greater distance to the water table.

After the water table in the basin comes in contact with the surface

stream (a length of time dependent on the amount of flow, but not to

exceed 2 days in floods of over 1,000 second-feet) the rate of percola

tion is dependent upon the maximum grade of the mound built up by

vertical percolation from the stream. Figure 27 shows this condition.

This figure illustrates conditions before and after the floods in

February and March 1905. It will be noted that the dotted con

tours cross the axis of the stream practically at right angles, which

is the condition that would be expected after several months have

elapsed with no increment from stream flow and the water plane has

had time to adjust itself to its normal stage of equilibrium. After

the flood, the mound effect is clearly shown by the bends in the solid

' The evapo-transpiration losses are the combined losses of moisture by evaporation from the soil and
transpiration from the vegetation.
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contours; the steepest grade in the water plane being at approximately

45° with the axis of the stream in which direction would be the rate of

maximum percolation.

Table 10 illustrates the effect of an elevated water plane upon the

rate of percolation. It will be noted that the rate of absorption for the

first floods, when the water table is low, is much greater than the rate

of absorption after the water plane has been elevated in the vicinity of

Ground-water contours before flood...
Ground-water contours after flood.....
Lines of equal rise
/foods

 

Figure 27.—Underground-water conditions on Mojave River before and after the floods of February and
March 1905. The dotted ground-water contours show the elevations of the water plane prior to the
floods, the solid contours illustrate these conditions after the floods, while the dot-dash contours represent
the resulting rise in the water table.

the stream. The flow at the lower narrows has been corrected for the

normal amount of rising water.

Table 10.—Comparison of stream-bed absorption during first flood of season, when

ground-water table is at minimum seasonal elevation; and during later floods of

same season after ground-water table has been raised due to percolation of flood

waters

Water year 1

1904-05.

1905-06.

1906-07.

1907-08.

1908-09

1909-10

1910-11

1911-12

1912-13.

1913-14

1914-15.

1929-30
1930-31.

1931-32.

Dates (inclusive)

/Feb
IMar
(Mar
lApr.
/Dec.

Upr.
/Jan.
\Mar.
/Jan.
Upr.
{Dec.
IJan.
/Jan.
\Feb.
/Mar.
Upr.
Feb.

/Jan.
\Feb.
/Jan.
\Feb.
(8)--

Apr.
/Dec.
\Feb.

2-6
18-22..

. 12-15. .
1-4
12-14-.
1-3
24-28. ..
. 1-5
21-25...
1-5
9-12..-
11-14...
10-17. .
11-18—
5-8....
16-19...
24-28*.
15-20. -.

28-Feb. 5.
20-28

26-28'.
28-31-.
26-29..

Flow

At forks

Sec-feet
3,707
3, 893

13, 643
2,673
3, 463
3,336
3, 963
1,255
7,039
2,051

4, 612
1, 194
1,984
2,506
1, 524
1,541
2, 377

5, 438
5,704
8,624
4,612

1, 757
2,059
2,411

At lower

narrows 2

Sec-feet
601

3,273
8, 112
2, 422
682

3,024
1,265
754

5, 144
1,898
1,303
1,062

25
2, 103

127
921
132

1,988
5,842

7, 960
4,690

7 66
7 124

1,903

Absorption 3

Sec-feet
3, 106

620
5, 531

251
2,781

312
2,698

501
1,895

153
3,309

132
1,959
403

1, 397
620

2,245

3,450
(5)

664
(s)

1,691
1, 935
508

Percent

84
10
41

0
80
0

r>s
•10

27

7
72
11
90
16
92
40
95

03

9fi
94
21

1 Water year begins Oct. 1 and ends Sept. 30 of following year.
' After correcting for normal rising water at lower narrows.
3 Distance from forks to upper narrows 14 miles, to lower narrows 17 miles.
1 No other large flows.
8 No absorption.
• No large flaws.

7 Flow at Upper Narrows.
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All the water which passes the forks except evapo-transpiration in

the moist area above the narrows must eventually reach the upper

narrows,whether as surface flow through the basin, rising water above

the narrows, or underflow through the narrows. The evapo-trans

piration losses from the moist area would be fairly constant and have

been estimated to average 13,000 acre-feet per year.10 The amount

of rising water would depend upon the elevation of the water table

in the basin above the point of rising water.

Rising water at the upper narrows includes not only water absorbed

in the Mojave River channel, but percolation from streams as far

west as Sheep Creek and as far east as Lucerne Valley. This under

flow, because of the long distance traveled, is very stable in quantity.

3,000
 

Figure 28.—Relation between absorption and movement of ground water. In the up.
diagram are shown the fluctuations due to absorption from stream flow for 1905-17, as o'
readings. The lower portion shows the accumulated gross absorption in acre-feet.

ion of the
from well

The gross amount of absorption is revealed when the flow at the upper

narrows, after correcting for rising water, is deducted from the flow at

the Forks.

On figure 28 the monthly absorption has been plotted as an accumu

lative total in acre-feet for each season during the period 1904-15,

together with water levels in various test wells observed by the Arrow

head Reservoir & Power Co. These wells have been selected in pairs,

and the graphs shown as dotted lines are the wells farthest from the

river, while the graphs shown as solid lines represent the wells near

the river. The well locations are shown on figure 29 . It will be noted

that the greatest variation in fluctuation occurs in the uppermost

wells with the maximum variation occurring in the well nearer the

river. From figure 29 it would appear that the water plane reaches

a certain maximum point above which it never rises. This would

indicate that beyond a certain point the outflow of water balances the

absorption.

The graphs of several wells have been plotted in figure 30, together

with the flow at the forks during the season of 1906-7, which was a

10 CONKLING, H. MOJAVE RIVER. INVESTIGATION, 1934.
Bull. 47, 249 pp. illus. 1934. [Mimeographed.]

Calif. Dept. Pub. Works, Div. Water Resources
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season of great run-off for the Mojave River. Examination of the

figure indicates that the first flood flow is the one chiefly reflected in the

water table and that the later flows had very little effect upon the

wells, and consequently a comparatively small amount of absorption

 

Figure 29.—Upper portion of Mojave River showing location of observation wells and proposed channel
for stimulation of seepage to underground basins.

occurred. It will be noticed that when the rate of flow at the forks

decreases to less than a rate between 70 to 50 second-feet, the water

table starts to drop. This indicates that as soon as the absorption

rate falls below the amount of rising water, the water table is no longer

in equilibrium, but a lowering occurs to reflect the depletion caused

by rising water at the narrows. This usually occurs in winter months
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Figure 30.—Elevation of water levels in observation wells as influenced by flow of water in Mojave River
at the forks, for the period October 1906 to September 1907.

when evapo-transpiration losses are at a minimum, and may be

ignored.

The above might indicate that additional works to encourage

greater absorption would be of no value in reducing flood peaks,

inasmuch as the elevated water table has been shown to retard the

natural percolation until it balances the outflow. This is not the case,

however, and figures 31 and 32 have been drawn to show how the

absorption and storage may be increased. The figures are based on

the data gathered in 1904-5. The upper line of the profile (fig. 31)
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represents the stream surface of 1905 and also the maximum elevation

of underground water along the stream bed, because it is known that

the water table will contact the stream throughout this stretch of the

river, when floods occur. The lines below each cross section of the

stream bed represent the high-water profile through the test wells

2,950

 

Figure 31.—Profile of stream bed and high-water table of 1905, high-water table along foot of east bank,
June 1905; and low-water profile under both stream channel and along east bank, Feb. 1, 1905, be
tween Verde Crossing and McGinnis Crossing.

along the foot of the east bank of the flood plain of the river bottom.

The distance between these two lines represents the available storage

along the east bank of the river during the high-water period. On

figure 29 also appears a proposed seepage channel. If this channel

were constructed with a capacity of 1,000 second-feet and used for the

diversion of flood flows, it would increase the storage in the river

bottom and also the bank storage under the east mesa (fig. 32, A and

B). A natural diversion point exists for this channel at the location

shown on figure 29.

 

Figure 32.—Cross sections of Mojave River: A, At Hesperia Crossing; B, at a point 1^4 miles below
Hesperia Crossing.

Locations at which measurements of the water table were taken are

shown on figure 29. They include all wells of which records are avail

able. Most of the wells were sunk for observation purposes, although

a few pumping wells exist in the area.

WHITEWATER RIVER

The Whitewater River in Coachella Valley is another stream upon

which all of the normal and a great part of the flood run-off is naturally

percolated to the underground basin.
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This valley is located in Riverside County, east of the Divide

between the Pacific Ocean and the Colorado Desert. The White

water River is the trunk of its drainage system. The valley may

properly be divided into the upper zone above Point Happy, which

contains most of the absorptive areas, but which supports little or no

irrigated land ; and the lower zone below Point Happy, which contains

the major part of the irrigated lands and borders of absorptive areas

formed as cones by the carriage of alluvial materials from the steep

side streams, cutting into the Whitewater stream channel. Both of

these areas cover great underground basins which hold large quantities

of water in storage. The surface area of the upper basin covers over

90,000 acres and the surface of the lower basin covers about 150,000

acres. The normal flow of Whitewater River is absorbed in the upper

basin, large floods pass beyond Point Happy, and only exceptional

floods pass over the lower basin to the irrigated area, as surface flow.

All of the water absorbed in both the upper and lower zones is per

colated to the underground basins where it is stored to form the supply

for the many wells in the valley.

In 1918 the Coachella Valley County Water District constructed

some experimental spreading dams in the absorption area of the upper

zone of the Whitewater River bed. In 1919 the Coachella Valley

Storm Water District joined with the above district and constructed a

so-called Pratt type dam 3,000 feet long designed from information

developed as a result of the construction of the experimental dams.

This latter dam was composed of wooden posts and sills spanned with

wire-mesh fencing intended to catch and hold moving debris, which

in time would reach the level of the dam crest and form a level section

in the stream channel from bank to bank (pls. 16, C and 17, A).

Obviously this would not store water but would greatly increase the

wetted area and consequently the quantity of water percolated to the

underground basin. While the theory upon which the structure was

designed proved correct, the materials were not durable and soon

rotted out, resulting in failure of sections of the dam. Repairs were

made from time to time. After experimenting with the same general

design, but with different kinds of materials, a reinforced-concrete

buttressed-type dam was adopted and some sections constructed to

replace the failing sections (pl. 17, B).

In order to determine the effect of these structures on the general

topographic and percolation characteristics of the cone, a precise

survey was made of the Whitewater spreading area in the fall of 1927 ;

and it was found that the upper end of the absorption area was a

perfect cone, with its apex in the channel opposite the lower end of

the county dike. From this survey, it is apparent that a series of

spreading dams, having movable crests, built on the arcs of circles to

conform with this cone, would be the ideal method of spreading this

water. During the flood of February 1927, the peak flow reaching

the upper end of the spreading area was estimated to be 15,700 second-

feet, while it is estimated only 3,500 second-feet escaped from the

spreading area at the junction with the Palm Canyon stream system.

It is estimated that the absorption rate in the flooded area of the

Whitewater cone is 5 second-feet per acre of flooded land, or 10 acre-

feet per acre per day.

These conclusions indicate that the introduction of structures for

artificial spreading even on streams naturally percolating water to the
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underground basins, will not only decrease flood danger to land farther

down the stream, but greatly increase the percolating ability of the

flood plain of the stream.

EXPERIMENTAL WORK

Although water spreading had been practiced for many years as a

means of replenishing the underground supplies, little data have been

available as to the best or most efficient method of spreading, the

percolation rates obtained, the factors affecting the rates of percola

tion, and other problems encountered in the process of spreading.

Therefore in 1930 the Bureau of Agricultural Engineering began a

study of these problems.

An experimental plot was installed in the Canyon Basin of the

San Gabriel River series of basins near Azusa, Calif. As the study

progressed, many problems were encountered which could not be

satisfactorily studied by the operation of one plot and two more were

added. Observation wells were sunk to determine the ground-water

fluctuations and equipment installed to record air and water tem

peratures. In 1933 the investigations were extended to a spreading

area near Anaheim, with the installation of water-measuring devices

on one of a series of basins used for spreading purposes by the Ana

heim Union Water Co. The following year the studies were again

expanded to include most of the major spreading areas in southern

California in order to obtain data where spreading was practiced on a

large scale as a means of flood control in addition to that of water

conservation. Water-measuring devices were constructed and

equipped with recording instruments on areas not already provided

with such devices. On areas on which measuring devices were con

structed by local agencies, recording instruments were installed and

maintained throughout the spreading seasons. Records were also

obtained of the quantity of water sunk through a vertical shaft and

an abandoned well.

The first experimental water-spreading plot was installed on the

debris cone of the San Gabriel River about one-half mile below the

point where the stream debouches from the mountains. This par

ticular site was chosen for several reasons: (1) Water was available

for approximately 3 months each year, (2) the water could be per

fectly controlled, (3) the water was comparatively free from silt, (4)

the soil and area were typical of that found on other debris cones

where spreading is or might be practiced, (5) the ground-water table

fluctuated in such a way as to permit a study of its effect on the perco

lation rates, (6) the ground-water fluctuations were partially con

trol1 able, because of the subterranean conditions described in outline

of this area, and (7) several years' records were available for the

adjacent, well-developed spreading area and the wells within that

area.

Mechanical analyses were made of samples taken from a shaft

dug within 12 feet of the plot. The results are shown in table 11.

Standard Tyler screens were used.
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Table 11.—Analysis of 10-pound soil samples taken at the site of the Azusa experi

mental spreading plots 1

Material retained on screens of size—

Depth of sample (feet)
1.50 0.742 0.371 No. No. No. No. No. No. No. Pass
inch inch inch 4 8 14 28 48 100 200 200

Pd. Pd. Pd. Pd. Pd. Pd. Pd. Pd. Pd. Pd. Pd.
l 0 1.2 2.7 2.9 1.6 1.8 2.9 11. 9 37.0 20.9 17.1

2 20.1 7.6 4.8 3.2 1.5 1.6 2. 4 7.9 28.4 21. 4 10.1

3 31.7 9.2 12. 3 8.8 6.4 5. 1 6. 9 7. 7 5.8 3.0 3. 1

4 - 13.8 22. 2 13. 9 9.5 8.8 7. 7 8. 2 11. 2 3.5 .8 .4

5 4.6 27.0 9.8 9. 2 8.8 10. 1 10. 3 14.0 4.6 1.0 .6

6 9.3 20.2 15.7 9.7 8.9 9.6 9.3 9.7 5.0 1.4 1.0

7l..™.™M-I. - 14.2 19.0 15.2 13.8 9.9 7. 5 6.0 6.6 5.2 1.7 .9
8 0 9. 1 5.7 5.0 6.9 9. 9 22. 1 31. 5 8.8 1.4 .6
9 33.3 17.7 11.0 7.7 4.3 3.9 7.8 9.5 3.4 .9 .5
10 19.2 17.7 23.2 13.8 6.3 3.6 5.0 6.3 3.4 .8 .7
11 12.4 20.2 15.8 10.4 6.8 6.4 9.9 11.6 4.9 1. 1 .5

1 No boulders or rocks in top foot. At other depths, 20 to 25 percent of the material was too large to put
in 10-pound containers.

A plot of land having an area of 0.38 acre was selected on the north

ern edge of the debris cone for the study. The plot was prepared by

throwing low banks or dikes around the border so as to confine the

water and maintain a fixed wetted area. Water was supplied to the

plot by a 10-inch pipe leading from a standpipe used for spreading

purposes on the adjacent lands. A metal slide gate was provided at

the upper end of the pipe to control the water. This pipe led to a

weir box with an 18-inch rectangular weir equipped with a water-stage

recorder located at the upper end of the plot (pl. 18, A). After dis

charging over the weir the water was caught in 6- by 8-inch redwood

flumes running across the head of the plot, thence down the center in a

central feeding flume to flumes spaced approximately 50 feet apart

at right angles to the long axis of the plot. Two-inch holes, 5 feet

apart were bored in the center and cross flumes, and metal flap gates

nailed over the holes so as to regulate the flow and insure an equal

distribution of water over the entire area (pl. 18, B). Excess water

was measured over a 90-degree V-notched weir equipped with a water-

stage recorder (pl. 19, A). To assure complete coverage, sufficient

water was supplied to the plots to have a small amount flowing out

at all times.

On this plot, hereafter referred to as plot no. 1, the native vegetation

was in no way disturbed. The slope of the area is about 3 percent,

hence it was not necessary to grade or level the plot in any way to ob

tain an even distribution of water over the entire area. In selecting the

plot, care was taken to obtain an even area so that all portions of it

could be wetted without submerging the depressions to such an extent

as to inundate the native vegetation and interfere with its luxuriant

growth. The native vegetation consisted of wild clover, wild oats,

foxtail, Bermuda grass, and a type of willow, with the oats and foxtail

predominating. A count showed one clump of willow to every 100

square feet of ground surface indicating the value of mat cover of

grasses rather than trees, and after the first spreading season, the entire

plot was covered with heavy growths of the above-named grasses

(pl. 19, B). In regard to the flooding method of spreading this plot

was comparable to the adjacent land.
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A second plot of like size, shape, and soil type, was established in

1931 adjacent to the first, the vegetation removed from it, the roots

grubbed out, and the surface plowed, harrowed, and furrowed (pl.

20, A). The furrows were about 3 inches deep and spaced about 8

inches apart. The equipment for distributing and measuring the

water was identical with that used on plot no. 1. The two plots were

operated simultaneously so as to compare the percolation rates.

A third plot was installed in 1932 just below plot no. 1. This plot

was also of the same size and shape as the other two. The vegetation

was removed and the area diked so as to maintain a head of from 6 to

8 inches of water over the entire area. Because of the slope of the

land, it was necessary to terrace this plot by dividing it, by low dikes,

into four basins of different elevations (pl. 20, B). The equipment

for measuring the inflow and outflow is the same as that used on the

other two plots. The water, however, is supplied to the plot by one
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Figure 33.—Plan of water-spreading plots and location of observation wells, or shafts, San Gabriel River
cone, near Azusa, Calif. Also profile showing slope of surface elevation and depth of the five observation
wells used in study of ground-water fluctuations as influenced by spreading, and the distance between
wells.

feeder flume running along one edge of the basins. Holes are cut at

intervals in the flume to permit the water to escape.

All three plots were operated together for one season but in 1933

plot no. 2 was discontinued, plots nos. 1 and 3 only being operated

during 1934 and 1935.

A mixture of tame oats and barley seed was sown on plot no. 3 in the

fall of 1934. Because a very thick growth was desired, a total of 100

pounds of seed was used on the plot. To prevent drowning of the

plant life, the outflow was lowered and the ground surface leveled so

that water stood in the basins at a depth of about 1 inch.

A general lay-out of the three plots is shown in figure 33.

Although the consumptive use by plants is small, the vegetation

does have a very marked influence upon the percolation rates as

shown by the results. It is thought the higher rates on plot no. 1

are due to the root action of the plants. The water tends to follow

the roots downward, and where the native vegetation and soil covering

have not been disturbed, the soil is left more porous by the dead roots

formed in previous years. Furthermore, it is thought that the plant

itself will puncture any film of silt or other deposit laid down by the

percolating water and which might tend to seal the surface.

151427°—37 5
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Plot no. 1 required, only a small amount of attention after the flap

gates in the feeder flumes were once set. Periodical inspection to

clean leaves or sticks from the flume, and to adjust the inflow, was

the only attention given.

Although water was spread on plot no. 2 through a system of fur

rows, it cannot be fairly considered as an accurate test of the furrow
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Figure 34.—Total quantity of water spread in Canyon Basin per day in acre-feet for period Dec. 15, 1932,
to Apr. 24, 1933; mean water temperature in degrees Fahrenheit for each 24-hour period as recorded at
inflow of plot no. 3; profile of ground water as recorded in the Ave observation wells during period of
spreading on plots; and diagram showing rates of percolation in acre-feet per acre per day as recorded for

the three plots.

method of spreading. Owing to the manner in which the plot was

treated and operated, it should be classed as a cultivated plot. The

soil was cultivated and furrowed at the beginning of each season and

one or more times thereafter to kill the vegetation. This cultivating

was always done before the plants had grown to sufficient size or

density to have an effect upon the percolation rates.
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Of the three plots, plot no. 2 gave the lowest rate of percolation

and required the most attention. Daily attention was required to

clean the furrows of small sticks, leaves, and other deposits. These

obstacles tended to lodge in the upper portion of the furrows and

prevent the water from passing. Each hole in the feeder flume sup-

lied three to six furrows, and when one or more of the furrows

ecame clogged, water overflowed above the obstruction into the

adjoining furrows, leaving portions of the plot uncovered.

On plot no. 3, prior to 1935 the weeds were cut or pulled out at the

beginning of each season and since the surface was kept submerged

to a depth of 6 to 8 inches, they were given no opportunity to take

root again during the spreading season.

After about 4 consecutive weeks application of water on this plot,

the rate of percolation decreased considerably. For illustration in

figure 34, the rates of percolation have been plotted against time for

the season of 1932-33. The percolation for plot no. 3 at the beginning

of the season was about 5.5 acre-feet per acre per day. From that

point it decreased steadily until 1 month later the rate was a little

over 2 acre-feet per acre per day. Because the water supply then

became muddy, due to storms, spreading was discontinued for 2

weeks. When the water was turned into the plot again, the rate of

percolation decreased at about the same rate as before the shut-down.

When the percolation rate fell to about 1 acre-foot per acre per day,

the water was again turned off, and the top half inch or inch of soil

removed by scraping with a shovel and hoe (pl. 21, A). The water

was again turned onto the plot and the percolation rate immediately

increased and approached closely the rate obtained on plot no. 1.

The fluctuations thereafter were caused by other factors to be dis

cussed later.

This decrease in the percolation rate was observed each season the

plot was operated as a basin and was attributed in part to the puddling

of the soil surface and part to a growth resembling algae whch appeared

over the ground surface and beneath the film of water about 2 weeks

after the spreading was started. It should be remembered that only

clear water with a very light bed load of sand and comparatively no silt

was spread on the plots and the change in percolation could not have

been caused by sealing of the soil surface through the action of silt,

because the exceedingly small amount of silt contained in the water

was deposited in the weir box. It has been suggested that if the

decreased rate of percolation is due to algal formation, this might be

determined by the introduction of some chemical destructive to such

growths, such as copper sulphate or by chlorination of the water

spread on the plot. It is the intention of the authors to test this

theory in future experiments.

To determine whether the percolation rates on denuded areas

could be accelerated by the introduction of vegetation, a mixture of

100 pounds of tame oats and barley was sown on this plot during the

fall of 1934, and allowed to grow during the following spreading season.

The plants were permitted to grow to a height of about 6 inches before

the application of water. By lowering the outflow, a depth of 1 inch

of water was maintained over the surface of each basin, and the plants

thrived throughout the season (pl. 21, B). The average rate for this

season was somewhat less than that for the previous seasons, but since

no shut-downs were made to treat the soil surface, the results were
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encouraging for the first year's run. The experiment is to be con

tinued and attempts made to restore the soil more closely to the native

state. Wild oat seed will be planted at the beginning of the growing

season. The root systems developed by the tame oat and barley seed

will be left intact.

Occasional shut-downs of one or two of the plots indicated that the

percolation on one plot was not affected by the operation of the

adjacent plots.

A summary of the results of each season, 1929-30 to 1935-36, in

clusive, is given in table 12. The percolation rates on plot no. 1

(covered with native vegetation) were found to be consistently higher

than for either of the other two plots. They averaged twice the rates

on plot no. 2 and one and one-half times those on plot no. 3. There

was probably greater loss from plot no. 1 due to evaporation and to

transpiration by the vegetation, but in comparison to the difference

in the percolation rates found to exist between plot no. 1 and the other

two plots this loss was negligible. At the beginning of the 1935 sea

son, plot no. 3 was sown with a mixture of tame oats and barley in

order to convert the area into a plot somewhat comparable to plot

no. 1. Where native vegetation has been maintained the predominat

ing crop on plot no. 1 is wild oats. For this reason the surface of plot

no. 3 was not treated in 1935 or 1936. It is estimated that the

consumptive use of this type of vegetation is not greater than 0.10

acre-inch per acre per day during the spreading seasons. By com

paring this figure with the difference in percolation rates, it will be

seen that this factor may be entirely disregarded.

Table 12.—Summary of number of days run, percolation rates, and total amounts

spread on Azusa plots of 0.38 acre each during the 7 years of operation, 1930-36

Plot no. 1

1930 1931 1932 1933 1934 1935 1936 Mean

Tinvs run rmmber. wy2 93 122 76 73 127 61

Maximum percolation rate .acre-feet per acre per day- 5. 33 7. 92 8.04 9.34 9.58 8. 76 9. 63 8. 40

do... 3.03 2. 13 2. 12 3.03 4. 43 2.84 3.03 2.94

do—. 3.98 6.46 5.03 5.21 6. 52 6. 11 4.53 5.41

Total amount spread acre-feet- . 151.0 228. 1 233. 1 152.4 182.9 300.9 105. 1 193.4

Plot no. 2 Plot no. 3

1931 1932 1933 Mean 1932 1933 1934 1935 1936 Mean

Days run . number- 90 117 73 117 96 76 126 61

Maximum percolation rate
acre-feet per acre per day.. 4. 16 4.22 3.70 4.03 5.08 7.93 6.58 5.05 8.63 6.65

Minimum percolation rate do.- - L 15 1.66 1.43 1.41 2.22 1.24 2.83 1.64 1.87 1.96

Average percolation rate.- do 2. 50 2.93 2.65 2. 69 3.67 4. 15 4.29 3.23 3.53 3.77

Total amount spread---acre-feet-. 85.4 130. 1 74.8 93.4 167.4 154.5 122.3 161.5 81.8 137.5

EFFECTS OF A HIGH-WATER TABLE ON THE RATE OF PERCOLATION

Because Canyon Basin in which the plots are located, is relatively

small and the outflow across or through the barrier which forms the

lower boundary is slow, it is possible to completely fill the basin by

spreading. Measurements taken at a well in the basin show that the

water table was raised from 110 feet below the ground surface on

December 10, 1932, to 2.50 feet below the ground surface on March 1,

1933.
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To study the effect of this fluctuating water table upon the percola

tion rate, five shafts, 4 by 6 feet, were sunk in the vicinity of the

spreading plots during the summer of 1932 when the ground water

was at a low level. After the desired depths had been reached, 12-

inch steel pipe was placed in each shaft to form an observation well

and the excavated material backfilled. The shafts ranged from 12 to

30 feet in depth and water-stage recorders were installed and main

tained in each throughout the season. The shafts are located approxi

mately on a north-south line, the locations being as shown on figure

33 except shaft 5, which is 1,300 feet south of the three plots.

Figure 34 shows that the movement of the water table as observed

in the shafts was governed almost entirely by the total quantity of

water spread in the basin and not influenced materially by the opera

tion of the experimental plots, which constituted a very small unit of

the total spreading system. An increase or decrease in the total

quantity of water spread was reflected by a rise or lowering, re

spectively, of the water table. It is also shown that the water table,

within certain limits, had a marked effect upon the percolation rates,

especially those on plots nos. 1 and 3. Plot no. 2 was less affected

since the percolation rates on this plot were usually below the minima

to which the high-water table reduced the rates on the other two plots.

The controlling factor of this plot was, therefore, the condition of the

soil surface and not the water table. Proof that the fluctuations of

the ground water and percolation rates were affected in the sequence

named is shown by a study of the time lapse between the fluctuations.

For example, on April 5 there was a peak in the curve plotted of the

total amount spread per day and on April 8 the watertable reached

a peak while the percolation rates reached a minimum on April 9.

In 1933, water first appeared in shaft no. 1 on January 24, at 27

feet below the ground surface. Preceding this date, plot no. 3 only

had been operated and this had ceased about 1 week before. There

had, however, been approximately 75 acre-feet per day spread on the

adjacent lands during the 7 days immediately preceding this first

appearance of water in the shaft, and to which the rise was attributed.

The ground water rose approximately 4 feet per day until it reached

a height of 10 feet below the ground surface, when the rate of rise

decreased to about 2 feet per day. It continued to rise at this rate

until the water stood at less than 4 feet below the ground surface, at

which depth it remained, with some fluctuations until the end of the

spreading season. The rate of rise was the same in each of the shafts

although a lag occurred in the depths to the ground water recorded

in each shaft and the one or ones located up the cone from it. That

is, when a certain ground-water depth was recorded in shaft no. 1,

this same depth was not noted in shaft no. 3 until 2 days later, and

about 4 days later in shaft no. 5. This lag was also present at the end

of the season when the water table was falling, with shaft no. 1 the

first to be affected. However, after the water table had risen to

within 5 feet of the ground surface, fluctuations in all shafts were

simultaneous. Spreading on the experimental plots started when the

ground water had risen to about 10 feet below the ground surface and

was continued throughout the period during which the ground water

stood at the higher elevations.

The depth to the ground water, as measured in the observation

shafts, was not a true measure of the depth of the water table immedi

ately under the plots. There was evidence of a water cone directly
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under each of the plots, which reached to the ground surface when the

water level stood at 5 feet or less in the nearest observation shaft.

The existence of this water cone is borne out by the fact that a change

in the amount of water spread over the lower end of plot no. 1 caused

a small and almost instantaneous drop in the nearest shaft, no. 2.

These fluctuations were probably caused by the changes in the hydro

static pressure due to a change in head on the plot, and as a saturated

soil condition is necessary to transmit this pressure, a cone reaching

to the surface of the plot was truly indicated. To check this, during

the season of 1934 when the ground water was at a high level, a shallow

hole was dug in the center of plot no. 1 , and free water was encountered

a few inches below the ground surface.

As the ground water had risen in the observation shafts to within

5 feet from the ground surface before the percolation rates became

well established, no conclusive data were obtained on this at the be

ginning of the 1933 season. Near the close of the season, however,

when the water table fell below this level, a very sharp increase in the

rate of percolation was noted, and a decrease in the rate when the water

table was raised a few days later. The rate of percola tion on plot no. 1

was constant at about 4 acre-feet per acre per day during the high water

and increased to double that amount when the water table was lowered

below 5 feet from the ground surface at the observation shafts.

Therefore the indications are, that the ground water does not

affect the rate of percolation until the water table or water cone ac

tually comes in contact with the saturated soil extending only a few

inches below the ground surface of the spreading area. The height

of this cone and its effect upon the rate of percolation will vary in

different soil types and where different spreading methods are used.

A very porous soil will allow the cone to spread out laterally over a

larger area and the underground movement of water will be more

rapid than on a tighter soil, capable of supporting a steeper hydraulic

gradient. The method used in spreading will influence to some ex

tent the height of the water cone, as methods giving the higher rate of

percolation will allow a greater quantity of water to pass underground

in a given time to form the cone.

EFFECT OF TEMPERATURE UPON THE RATE OF PERCOLATION

Although temperature has some effect upon the percolation rate,

the change in temperature during the spreading season is usually so

small that its effect is overshadowed by other more important factors

affecting the percolation rates. And further, it is an uncontrollable

factor in the spreading of floodwaters. In other words, water must

be spread when it is available, regardless of the temperature.

There did, however, develop an interesting study at the Azusa plots

on the effect of the temperature, which due to the accuracy of the

measuring and recording devices used, was detectable. The difference

in the rates of percolation between 2 days was not noticeable because

of the small difference in the mean temperatures, but during a 24-

hour period, the temperature of the water often varied from 10° to

20° F., which in turn caused a fluctuation in the outflows. This is

shown on figure 35 on which the air and water temperatures, and the

outflow from plot no. 1 are plotted.

The 4-day period, March 16-19, 1932, was chosen for illustration

because it represented a period of constant inflow and complete tern
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perature and outflow records. The water temperature was recorded

with a distance thermograph with the bulb placed on the ground sur

face and completely submerged at about the center of plot no. 1 . The

curve of the water temperatures lagged approximately 5 hours behind

that of the air temperature, with maximum temperature occurring

about 6 p. m. and a minimum about 10 a. m. Water temperatures

taken at other times in the weir box were found to be almost exactly

in phase with the air temperatures.

The shaded area, a b c in figure 35, represents the decrease in out

flow, due to temperature changes, for the 24-hour period ending 8 a. m.,

March 19, and amounts to 0.396 acre-inch per acre per day. This,

however, cannot all be charged to the effect of temperature upon the

rate of percolation as there is also included in this figure the transpira

tion and evaporation losses for the period. The consumptive use
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Figure 35.—Relation between temperature and rate of percolation on Azusa experimental plot no. 1.
This diagram also shows time lag in maximum and minimum air and water temperatures and the

smoothed-out peaks of air temperature as reflected in water temperatures. The lower diagram illustrates
the effect of temperature on the ability of the area to absorb the constant inflow of water to the plot.

for the type of vegetation found on the plot is estimated from data de

veloped elsewhere by the Bureau, to be about 0.10 acre-inch per acre

per day for the month of March, which leaves 0.296 acre-inch due to

the effect of temperature upon the rate of percolation. The actual

recorded percolation rate for this day for the olot was 6.171 acre-feet,

or 74.052 acre-inches per acre per day.

ANAHEIM PLOT

For several years the Anaheim Union Water Co. has spread its

excess irrigation water on a small tract of land located on the south

west corner of the intersection of Placentia and Orangethorpe Streets

in Orange County about 5 miles northeast of Anaheim. There are

about 10 acres in the area. Because the tract is surrounded by culti

vated lands, mostly citrus groves, it is necessary to have the water

perfectly controlled and the area is divided into several basins by

means of earth dikes. The dikes also serve to confine the channel of

Carbon Creek which passes along one side of the area. This channel
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carries water only for short periods after storms and the run-off is not

spread other than by natural methods through its stream bed.

Early in 1933 one of the basins was selected for a study of percola

tion rates in this type of soil, and water-measuring devices were

installed for the purpose of determining these rates (fig. 36). Basin

A, the basin selected, has an area of 2.12 acres. This basin is the

most adaptable, because of its area and also because it permitted of

more perfect control. No vegetation was permitted to grow in this

basin, since it was under a head of water varying in depth from 6 to

18 inches. The overflow spilled into a heavily vegetated basin from

which comparable percolation rates could be obtained. Because of

the low head available at the inflow, a galvanized-iron Parshall meas

uring flume, 2 feet wide at the throat, was used to measure the water.

At the outflow, a 24-inch rectangular weir was installed. Both devices

were equipped with water-stage recorders. Pipes which formerly

provided passageways for the water from one basin to another were
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Figure 36.—Plan of water-spreading basins of Anaheim Union Water Co., near Anaheim, Calif.

closed. Because a depth of from 6 to 18 inches of water was main

tained over the surface of the basin bed, vegetation over the area was

destroyed, thus making it somewhat similar to plot no. 3 of the

Azusa experiment.

The grounds are in the old Santa Ana River bed and, with the

exception of the top 12 to 18 inches, the soil is typical river-bottom

sand. The topsoil consists of fine material formed since the river

changed its course. Table 13 shows mechanical analyses of samples

taken from five different holes spaced about the basin. Standard

Tyler screens were used for the analyses.

Table 13.—Mechanical analyses of soil samples taken from five holes in bed of

basin A, Anaheim experimental plots, near Anaheim, Calif.

Material retained on screens of size—

Depth of sample (feet)
0.371
inch

No. 4 No. 8 No. 14 No. 28 No. 48 No. 100 No. 200
Pass
200

Percent Percent Percent Percent Percent Percent Percent Percent Percent

1 0 0. 1 0. 1 1.2 4.2 26. 1 35. 5 16. 1 16.7

2 .5 . 5 .6 3.9 14.8 42.3 26. 5 7. 1 3.8

3 . 1 .4 .6 3.8 12.3 50. 1 25.2 4.3 3.2

4 .4 .7 1. 4 7.1 22.5 39.9 22.8 3.2 2.0

5 — . 6 1.3 2. 2 14.6 29.4 36.6 12.2 1.6 1.5

6 1. 1 4. 1 9.9 20.8 26. 2 26.7 8.6 1. 1 1.5

7 - 1.9 2.0 4. 1 17.2 35. 1 30.0 7.0 1.6 1. 1

8 .1 .4 1.0 8.3 30.8 47.8 9.6 1.2 • 8
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The log of a well about 500 feet north of the basin indicates that the

sand continues to a depth of 98 feet and then coarse sand and gravel

exist. Water was spread on this plot from February 9 to March 18,

1933, and a result somewhat similar to that of the basined plot at

Azusa was obtained. The percolation rate started at about 3 acre-feet

per acre per day and decreased steadily to the end of the season to

less than 1.0 acre-foot per acre per day. This is shown in figure 37.

Because there were times when the depth of water on the 2.12-

acre surface was increasing, the inflow could not be attributed entirely

to percolation, part being chargeable to storage.

To determine whether or not this topsoil, consisting partly of

humus and silty loam, had any effect on the rate of percolation the

top 10 to 12 inches of soil was removed during the winter of 1933-34,

leaving the river bottom sand exposed.

Due to a shortage of water after the grading was completed, the

records for the season of 1933-34 are not reliable. During the season
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Figure 37.—Daily percolation rates on basin A of the Anaheim basins in acre-feet (per acre'1 per day for
the seasons 1933-34 and 1934-35. The true rate of percolation is shown in solid lines. Dashed lines show
the rate at which water was applied, not the rate of percolation. Breaks in the solid line indicate that
percolation could not be computed.

of 1934-35, however, spreading was carried on periodically from

December 7, 1934, to March 6, 1935. The results of this season are

also plotted on figure 37. Because of the periodic application of water

and the resulting change in storage, reliable records did not start until

January 22, when there was sufficient water to cause an outflow.

Prior to that date, the figures shown reflect the amount of water

applied and not the true percolation rates, since no allowance was

made for basin storage. The storage was an important factor as the

crest of the outflow weir was set about 3.5 feet above the bottom of the

basin at the outlet end. The depth of water flowing over the outflow

weir as recorded on the water-stage recorder was used as a gage to

measure the change in elevation of the ponded water and consequently

the change in storage between days. At those times, when there was

not sufficient water applied to entirely fill the basin, this change in

storage could not be computed.

The records of the 1932-33 season show that the highest rates of

percolation were obtained during the forepart of the season. Therefore,
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the maximum percolation rates were probably obtained during the

season of 1934-35, when incomplete records were collected. A rate

of at least 2.75 acre-feet per acre per day is indicated, however, during

the first 2 weeks of the spreading. This is shown on December 21,

when there was 3.02 acre-feet per acre per day applied to the plot

after 3 days of application, averaging 2.75 acre-feet per acre per day.

No overflow was recorded at any time during these days.

A summary of the two spreading seasons on this plot is shown in

table 14.

Table 14.—Record of water spreading on Anaheim experimental plot

Item 1932-33 1933-34 1934-35

Total days in which basin was covered for 24 hours number
Maximum percolation rate acre-feet per acre per day..
Minimum percolation rate do
Average percolation rate over gross period do
Average percolation rate, considering only those days unaffected by shut-down

acre-feet per acre per day..
Total amount of water applied for entire season acre-feet..

1 None. 1 See text above.

31
3. 16

.77
1.54

1.80
131.28

As the outflow from basin A supplied basin B, rates of percolation

were also obtained for that basin. Basin B, covered with a heavy

growth of native vegetation consisting mostly of grasses and low shrubs

was never entirely submerged. The wetted area was estimated to

average about 40 percent of the total 3.98 acres embraced by the plot.

On this basis, its average percolation rate for the 1934-35 season was

4.75 acre-feet per acre per day. This was much more than the rates

on basin A with no vegetation and supports the data obtained on the

Azusa plot which was covered with vegetation.

MEASUREMENT OF PERCOLATION THROUGH A VERTICAL SHAFT AND WELL

For several years the Lytle Creek Water Conservation Association

has been sinking water through a vertical shaft located on the lower

portion of the Lytle Creek debris cone. Because of two horizontal

subterranean layers of impervious material existing in that immediate

vicinity, surface spreading proved to be of little value in the replenish

ment of the water supply of a number of nearby wells. One of the

layers consists of clay about 1 foot thick at 60 feet below the ground

surface, the other of cemented gravel 4 to 5 inches thick at 137 feet

below the surface. In order to utilize the tail water from the Fontana

power-house for the recharging of this underground supply during the

nonirrigating season, a vertical shaft 4 by 6 feet in cross section was

sunk to a depth of 252 feet, thereby puncturing the impervious layers.

The shaft was lagged with 2- by 10-inch redwood plank, spaced about

1 % inches apart in order to permit the water to escape.

The water supplying the shaft was diverted from a nearby ditch by

means of a check gate. Originally, the water was passed over a 36-

inch rectangular weir to a small forebay and thence into the shaft

through a pipe in the side wall. Records were obtained on the quan

tity flowing over the weir but the weir frequently was submerged when

the shaft became filled with water and the lateral and vertical percola

tion was not sufficient to absorb all of the water delivered. The meas

urements of water delivered were only approximate. In order to
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obtain a more accurate measurement the check gate was moved ap

proximately 100 feet upstream and a diversion canal dug to the shaft.

A 2-foot concrete Parshall measuring flume was installed in the diver

sion ditch to operate under submerged conditions. Water not taken

by the sjiaft was turned back into the main canal and measured over

a 36-inch rectangular weir.

Care was taken to supply only clear water to the shaft and during

storm periods the entrance to the shaft was closed. There was, how

ever, a rolling bed load of sand and gravel in the canal at all times,

and to prevent its entrance into the shaft a 2-foot Parshall sand trap

with two 4-inch vortex tubes was installed in the diversion ditch im

mediately above the measuring flume. The relative positions of the

trap, flume, and shaft are shown on plate 21, C.

A sounding made in 1932 showed the depth of the shaft to be about

80 feet shallower than its original depth. It was determined that

nearly all of this fill had been washed into the shaft by the turbulent

water created in the fall and had entered the shaft through the spaces in

the lagging. The result was that large cavities were formed behind

the timbers.

Later the 80 feet of material was removed from the bottom of the

shaft and the cavities backfilled with material similar to the original

formation. In order to prevent refilling, battens^vere nailed over the

spaces between the lagging, and openings about %% inches square left

at each end of the battens. w

As noted before, the records prior to the 1934-35 season were only

approximate, due to the flooding of the weir. By frequent observa

tions later, however, a fairly accurate measurement was made of the

maximum rate at which the shaft would take and percolate water.

During the 1932-33 season, it was noticed that each time a head greater

than 0.35 foot was recorded on the 36-inch rectangular weir, partial

submergence of the weir would result. One observation was made

when a head of 0.36 foot was recorded with only a very slight submer

gence. On this basis, the percolation rate was that amount of water

flowing over the weir at a depth of 0.35 foot. This amounts to 2.02

second-feet or 4 acre-feet per day.

During the 1934-35 season when more accurate measurements were

made, the maximum rate of percolation was found to be 3.34 acre-feet

per day. This lesser rate is probably due to the placing of battens

over the spaces between the lagging and possibly, too, to the decreased

area exposed to absorption when the cavities were backfilled. A total

of 1 14 acre-feet was sunk in the shaft during the period from November

19, 1934, to March 27, 1935.

Measurements were also made of the percolation rate through an

abandoned well of 16-inch casing near the Fontana power-house.

This well was sunk originally to produce water but was abandoned,

and is now used as a replenishment shaft. The water diverted to the

well is taken from the same canal which furnished the larger shaft

previously described.

Water flowing into the well is measured over an 18-inch rectangular

weir equipped with a water-stage recorder. Excess water was

measured over a 90-degree V-notch weir on which spot measurements

only were taken. A summary of the measurements made during two

seasons is given in table 15. The total amount sunk is not given as

the test did not extend over complete seasons.
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Table 15.—Summary of results obtained on Lylle Creek well during seasons of

1983-84 and 1934-85

Item
1933-
34

1934-

35
Item

1933-
34

1934-

35

Days of record number. . 63 135

3.28

Minimum percolation rate
Maximum percolation rate acre-feet per day--

Averago percolation rate. . .do
2.06
2.92

1.22
1.99acre feet per day.. 3. 69

DETERMINATION OF PERCOLATION RATES ON LYTLE CREEK SPREADING AREA

Two series of spot tests were made on the lower portion of the Lytle

Creek spreading grounds to determine the percolation rate obtained

under actual spreading conditions. In this area, designated as area

no. 8 of the Lytle Creek system, the water is spread through a series

of flat-bottomed ditches 6 feet wide. These are shown in plate 22, A.

During the nonirrigating season, tail water from the Fontana Power

house is spread, and consequently a fairly constant supply is available

for several weeks.

In the first series of tests, made March 15, 1935, the water flowing

in three ditches (nos. 73-A, 73, and 60-A) was measured by means

of a portable 6-incIfe Parshall measuring flume, built especially for

these tests. The flijpie in place is shown in plate 22, B. The water

measurement was mjple near the upper end of the ditches and the total

length of wetted ditch measured. The wetted area was computed

by multiplying the length of the wetted area by the width of the

ditch. Care was exercised to set the flume accurately and to choose

a ditch which was uniformly wet for at least 450 feet. Care was also

taken to allow the water in the pond above the portable flume to

reach a stabilized head before tests were started.

In the second series of tests, made May 1, 1935, a somewhat differ

ent method was followed. In this series a length of ditch was chosen

in which the water passed entirely through, making it necessary to

measure the water at each end of the selected portion of the ditch.

This was done so that the results would not be influenced by the

diminishing quantity of water at the lower end, but would be a better

test of the percolation rate of a flowing stream.

The results obtained in each series were consistent within the series

but in comparison of the two series, the results differed greatly.

For the first series, made March 15, 1935, the results were as follows:

Second-feet
per acre

Ditch no. 73-A 2. 18

Ditch no. 73 2. 06

Ditch no. 60-A 5. 66

For the second series, made May 1, 1935, the results were as follows:

Second-feet
per acre

Ditch no. 79 0. 41

Ditch no. 76 .46

Ditch no. 60-A .87

Ditch no. 54 1. 37

Attention is called to the fact that ditch no. 60-A was included

in the tests of each series as a means of comparison. When the

first series of tests was made, this ditch had been in use only 1 or 2

days. It is also nearer to the original stream channel than either of
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other two tested. The combination of these two factors probably

accounts for the higher rate of percolation than that found for ditches

nos. 73-A and 73. For the second series of tests, the ratio between

ditch no. 60-A, and 79, and 76 also exists at about 2 to 1. Ditches

nos. 79 and 76 are comparable to Nos. 73-A and 73. Ditch no. 54,

tested in the second series, is in the stream channel and the material

is typical stream-bed sand and gravel, which accounts for the high

rate of percolation in this series.

The large differences found in the rate of percolation in the two

series of tests are probably the results of two factors, one due to the

different methods of making the test and the other (and of more

importance) the time lapse of 6 weeks between the tests. When the

first series was run the ditches were relatively new; but when the

second series was run the ditches had been in use for several weeks

continuously and some silt deposit was detected on the ditch bottoms

during these second tests. The deposition of silt is accounted for by

the smaller amount of water available for spreading near the end of

 

Figure 38.—Lay-out of spreading ponds in section 1 of the lower Santa Ana River channel, Orange County,
Calif., showing the plan of diverting water through the input channel to the two groups of spreading ponds
and the metering points on the two input channels, also the two metering points on the main channel,
above and below the area under study, the unit areas in both the stream bed and spreading ponds subject

to percolation.

the season, and which amounts were not sufficient to maintain carry

ing velocities in the ditches. This supports the theory that silt or

other matter carried by the water must be kept moving throughout

the length of the ditch if deposition and consequent sealing-off is

to be avoided. An ample supply of water and sufficient velocity are

the means for accomplishing this purpose.

During the spreading season of 1931-32, and at the same time that

attempts were being made to conserve some of the storm water flow

ing down the bed of the Lower Santa Ana River, some studies of

percolation rates were made by the Orange County Flood Control

District. Dikes were formed in the manner outlined in the descrip

tion of spreading operations on the lower Santa Ana River (p. 18).

A plane-table map was made of the section on which these percola

tion tests were made and which was designated as section 1. This

is shown in figure 38. Water was turned into the main input channel

feeding the ponds on February 17, 1932, but the amount of inflow was

not measured until a week later. It was necessary, therefore, to

estimate the flow for that week from observations which indicated

that the flow was constant for about 2 weeks including the week

before the measurement was taken. Records of current-meter meas

urements taken at the main pond input metering section are shown in

table 16.
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Table 16.—Measurement of input to the main pond

Date

1932
Feb. 24
Feb. 25
Feb. 25
Feb. 26

Feb. 26

Hour

2:15 p. m.
9:15 a. m-.
3 p. m
11 a. m.-.
3:25 p. m.

Flow

Sec.-ft.
14.71
15. 48
12. 24
16.20
13. 38

Date

1932—Continued
Feb. 27.
Mar. 2

Mean inflow.

Hour

1:15 p. m..
11:15 a. m.

Flow

Sec.-ft.
10. 97
13.23

13.61

Assuming the average flow to have been maintained from 8 a. m.,

February 17, until midnight March 2, or an elapsed time of 14%

days, there would have been an input by way of the main input

channel of 396 acre-feet.

The input by way of the secondary input channel was both inter

mittent and variable. As nearly as may be determined, it amounted

to approximately 40 acre-feet, or a total input to the ponds of 436

acre-feet.

Table 17 shows the approximate time at which each pond was

flooded, the duration of inundation, and the mean wetted area for the

14%-day period.

Table 17.—Number of spreading ponds, the wetted area in each pond, the time and

duration of inundation, and the mean wetted area for the entire period of 14%

days, February-March 1932

Input channel.

1...
2.
3
4
5
6
7
8 —
9
10
11
12
13
14
End of period.

Summation acre-days wet-

Wetted
area

Acres
0.600
.550

1.030
.935

1.055
.825

1.535
1.225
2. 110
1.050
.755

2. 360
2. 570

2.300
2.000

Time when wetted

8 a. m., Feb. 17..
12 m, Feb. 17
6 p. m., Feb. 17. -
12 p. m., Feb. 17.
12 m., Feb. 18....
12 p. m., Feb. 18.
12 p. m., Feb. 19.
12 p. m., Feb. 20.
12 p. m., Feb. 22.
12 p.m., Feb. 23.
12 p. m., Feb. 24.
12 p.m., Feb. 25.
12 p.m., Feb. 26.
12 p. m., Feb. 27.
12 p. m., Feb. 28.
12 p. m., Mar. 2..

Period wet

Days
14. 67
14.50
14. 25
14.00
13.50
13.00
12.00
11.00
9.00

8.00
7.00
6.00
5.00
4.00
2.00
.00

Area times
days wot

7.98
14.68
13.09
14.24
10.72
18. 42
13. 48
18.99

8. 40
5.29

14. 16
12.85
9.20
4.00

.00

174.30

Dividing:

Total input (acre-feet) 436.00

=2.50 acre-feet per acre per
Summation acre-days wet, 174.30

day as the rate of absorption in this area.

Current-meter measurements of the undiverted flow of the river

were made during this period to determine the rate of percolation

from the flowing stream in section 1. The results of these measure

ments are shown in table 18.
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Table 18.—Measurement of the undiverted flow of the river

Station and date

Kichfield:

Feb. 26.

Feb. 27.
Mar. 2..

Mean flow.

Hour

'12 m
.3:20 p. m.-

12:40 p. m.
11 a. m

Flow

Sec. ft.
63. 03
56. 52
52. 60
65.44

59. 40

Station and date

Jefferson Street:

Feb. 26

Feb. 27
Mar. 2.

Mean flow.

Hour

flO a. m...

\4:30 p. m.
1:40 p. m.
1 p. m

The average loss by absorption then is the difference between 59.40

and 20.66 or 38.74 second-feet. Of this difference 15.00 was taken

by the ponds, leaving 23.74 second-feet which represents the loss by

percolation from the stream. The wetted area of the stream as deter

mined by plane-table survey was approximately 1 1 acres which gives

a rate of percolation of 4.28 acre-feet per acre per day.

This result is somewhat higher than that obtained from the pond

tests just described, the percolation rate of which was 2.50 acre-feet

per acre per day. The higher percolation rate shown for the flowing

stream tends to support the theory of those who contend that if the

silt load of a stream of water can be kept moving, the percolation of

water through the bed of the stream will be greater than when the

silt in the water is allowed to deposit over the wetted area as is always

the case in ponded water.

Only a very rough estimate of the total amount of water sunk, as a

result of the spreading, is possible. The work was begun January 12

and stopped March 2, covering a period of 51 days. As developed

above, 436 acre-feet were disposed of during the 15-day period from

February 17 to March 2, inclusive, or about 29 acre-feet per day.

Assuming an efficiency 50 percent as great for the remaining 36 days,

522 acre-feet would have been disposed of during that time. This

would give a total of 958 acre-feet of water placed in underground

storage as a result of the work.

It must be recognized of course that these figures are at best approxi

mations, owing to the limited period of time covered by the experi

ments, the insufficient number of measurements made during the

period, and to the estimates and assumptions necessary to round out

the data used. However, in the absence of more dependable data and

until more and better evidence can be collected, it is believed that the

results presented herein may serve as an index to the rate of percolation

that may be expected in that reach of the Santa Ana River channel.

CONCLUSIONS

The following conclusions appear to be warranted from a study of

the experimental data and other observations:

Spreading water for underground storage is no longer an experi

mental project. It is becoming increasingly apparent to those who

have given the matter much thought that underground storage pre

sents great possibilities. There are greater subsurface storage reser

voirs available in most regions than surface reservoirs and in some

regions this is the only means of storage. It can be practiced with

more or less success in any region where pumping from wells is the

principal means of furnishing water supplies for municipal, industrial,
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or irrigation use. In many cases it is more economical than surface

storage, because the works necessary for storage are not as extensive

or costly, and also because there are no evaporation losses.

Other factors being equal, the highest percolation rates are ob

tained on land with the native vegetation and soil covering the least

disturbed. . .

The consumptive use by vegetation is negligible in comparison

with its beneficial effect on the percolation rate.

Although temperature has some effect on the rate of percolation,

the change in temperature of the water during the spreading season is

usually so small that its effect is overshadowed by other more impor

tant factors; and furthermore, it is an uncontrollable factor in the

spreading of flood waters.

The ground water has no marked effect on the percolation rate

until it comes in actual contact with the saturated soil extending a few

inches below the ground surface. When this contact is made a very

sharp decrease in the rate of percolation takes place. Maximum

percolation rates are obtained during the period the ground-water

level drops after it has made contact with the ground surface. The

reason for the maximum rates at this time is not definitely known,

but is probably due, in part, to the partial vacuum formed by the

falling water table. The ground surface is sealed by the spreading

water which is then drawn underground as the vacuum is created.

The effect of the dropping water table on the percolation occurs only

during the first few feet of drop.

Percolation rates in basins or ponds, with the vegetation removed,

decrease with the continued application of water. This decrease is

due to re-sorting of the soil particles and puddling of the soil surface.

Higher rates of percolation in basins may be maintained by frequent

harrowing or raking of the ground surface.

Water containing silt should not be spread in still pools, such as

basins or ponds.

In the ditch system of spreading carrying velocities should be

maintained so as to insure the carriage of suspended matter throughout

the length of the ditches.

Because of the high cost of sinking shafts or pits, their use is not

economical if surface spreading can be employed.

On streams subject to large floods, adequate works should be pro

vided to completely control the amount of water diverted at all times.

Reception ditches are recommended at the lower boundaries of

spreading areas in order to return excess water back to the stream

of origin, and provide protection to lower lands.
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