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GEOLOGY AND GBOUND WAT1BS OF THE WESTEEN PABT 
OF SAN DIEGO COUNTY, CALIFOENIA.

By ARTHUR J. ELLIS and CHARLES H. LEE.

INTRODUCTION. 

HISTOBY OF GBOtTND-WATEB TJTIUZATION.

By 0. H. LEE.

According to the irrigation census taken in 1910 under cooperative 
agreement between the Bureau of the Census and the Departnrent of 
Engineering of the State of California, 9,297 irrigation pumping plants 
were in operation in California during that year and 277,000 acre^ were 
irrigated by pumping from wells. In 1914 the number of pumping 
plants in the State had increased to 24,589,* and if the area irrigated 
from such plants had increased in the same proportion, it was in that 
year approximately 700,000 acres. The total area irrigated from 
surface and ground waters in California jn 1914 was about 3,200,000 
acres.2 The data therefore indicate that ground water served nearly 
one-fourth of the irrigated lands of the.State at that time, and it fur­ 
nishes a far greater part of the water used for domestic, manufactur­ 
ing, and municipal supplies.

In San Diego County (PL I) extensive utilization of the ground 
waters was begun only a few years ago, and much additional develop­ 
ment is still possible. The potential demand probably exceeds that 
in any other settled part of the State. Irrigation is necessary for the 
successful cultivation of most of the agricultural crops to whi^h the 
climate and soil of the region are adapted. Furthermore, the climatic 
and scenic features of much of the county make it very attractive as 
a place of either temporary or permanent residence. As the delightful 
climate of the San Diego coast becomes more widely known, the region 
will undoubtedly become one of the most popular playgrounds of the 
United States, drawing upon the heated regions of the Southwest 
during the summer and the Eastern and Northern States during the 
winter. There will also be an ever-increasing permanent popula­ 
tion. The demand for water for household and garden u^es is 
already large and is (lestined far to exceed the demand for water for 
irrigation in commercial agriculture.

1 Adams, Frank, Progress report of irrigation investigations * * * in California, 1912-14: In Cali­ 
fornia Dept. of Engineering Fourth Bien. Kept., Dec. 1,1912, to Nov. 30,1914, pp. 158-210, 1914. See pp. 
177-178.

* 3,196,000 acyes in 1912; Wean, p. 207.
15



16 GROUND WATERS OF WESTERN SAN DIEGO COUNTY, CALIF.

The surface waters, though at times overwhelming in volume, are 
unfortunately not dependable and require expensive storage and 
transmission works for their utilization. There are no perennial 
streams except at high levels and at a considerable distarce from the 
coast where they are too small to be of much practical value. Pre­ 
cipitation of sufficient magnitude to produce run-off is confined to 
three or four months of the year, and in years of average precipitation 
the larger streams do not maintain a permanent flow for more than five 
or six months. To obtain from the surface streams the unfailing 
water supplies required for irrigation and especially for domestic uses, 
it is necessary to provide large storage reservoirs. Conditions are 
made even more unfavorable by the wide variations in precipitation 
from one year to another and by the occasional periods of severe 
drought. This condition necessitates holding in reserve sufficient 
water (in storage) to supply the full requirements for a three or four 
year period. The expense of providing the necessary storage works is 
great, and after the water has been stored the losses by evaporation 
from the exposed water surface may amount to a large proportion of 
the volume originally stored. The problem of keeping water up to a 
standard of potability for domestic use after being held in storage for 
two or three years is also very difficult.

On the other hand, supplies of ground water, if available at all, 
are relatively reliable, especially if they are drawn upon only to 
supplement surface supplies. They are also protected from evapo­ 
ration and can be more easily protected from pollution.

Ground water was first largely used in San Diego Courty in 1898  
the first year of serious drought subsequent to the ep.rly eighties, 
when the extensive settlement of the county was Ingun. This 
drought continued with varying severity until 1905, rainfall and 
stream flow being far below normal throughout the Thole period. 
Large consumers of water at that time were the corrmunities of 
ChulaVista and National City, supplied from Sweetwater Keservoir, 
which was built and operated by the San Diego Land & Town Co., 
the orchard and farm lands supplied by the San Diego Flume Co. 
from storage and gravity flow of San Diego River, and the city of 
San Diego, supplied by San Diego flume and other sources. In the 
effort to serve these consumers when the surface water.! failed wells 
were sunk and pumping plants installed at the nearest sites that 
gave promise of yielding adequate quantities of water. The San 
Diego Land & Town Co ."sank batteries of wells at a number of points 
in the valley of Sweetwater River; the San Diego Mume Co. installed . 
two plants in the upper San Diego River valley above Lakeside; 
the city of San Diego drew from several batteries of wa% in Mission 
Valley; and many orchardists endeavored to augment from small 
plants on their own lands the inadequate supplies furnished by the
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1 independence O

water-supply paper

Areas covered by other 
water-supply papers

Indian Wells Valley is described in a paper entitled 
"Ground-water resources of Indian Wells Valley," 
published as a cooperative study of the U. S. Geolog­ 
ical Survey in the Report of the Conservation Com­ 
mission of California, 1912.

Field work on ground-water conditions and desert 
watering places, including the posting of signs direct­ 
ing to watering places, has been completed for San 
Bernardino and Imperial counties and the eastern 

- parts of Riverside and San Diego counties. Water- 
supply papers covering these areas are in preparation

SKETCH MAP OF PART OF CALIFORNIA
Showing areas treated in the present report and in other water-supply papers of the U. S. Geological Survey relating to ground water
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companies. With tlie return of normal conditions of stream flow 
in 1905, the use of the larger pumping plants was discoBtinr^d and 
most of the equipment was removed, and the use of manr- of the 
private plants that had been but moderately successful was also 
discontinued.

Activity in the settlement and development of the county was not 
renewed until about 1909, and in the interval rapid strides had been 
made in the manufacture of cheap, efficient pumping equipment. 
The river valleys, with their ample stores of ground water f,nd low 
pumping lifts, offered attractive agricultural opportunities for small 
land owners. In the period beginning with 1909 much of the Tia 
Juana, Otay, Sweetwater, and San Diego river valleys was put 
under cultivation by irrigation from individual pumping plants. 
A few of the many efforts that were made to obtain irrigation water 
outside the river valleys were moderately successful, but only in 
the major valleys have supplies adequate for the irrigation of large 
areas been developed. Nevertheless there remains much additional 
land in small tracts outside the major valleys that can be irrigated 
from ground waters obtained locally.

The importance of ground water as a reserve in periods of drought 
makes accurate knowledge of the quantity available essertial to 
permanent settlement. For instance, the over use of ground water 
to irrigate an orchard in the early periods of a protracted drought 
might make it impossible later in the period to obtain enough 
water to keep the fruit trees alive or even to supply the domestic 
needs of the owners. The investigations here reported wen made 
not only for the purpose of suggesting where and how ground 
waters can be obtained, but also to indicate the limits to which 
supplies of ground water should be utilized.

PREVIOUS GEOIX>GIC WOBK.

By A. J. ELIJS.

The earliest geologic survey of this region was that conducted by 
C. C. Parry and Arthur Schott, in connection with the Unitec1 States 
and Mexican Boundary Survey.1 From July, 1849, to Marclv 1851, 
Dr. Parry was in the vicinity of San Diego, and resided durng the 
fall and winter of 1850-51 at San Luis Rey. His excursions ertended 
northward along the coast to Monterey and eastward to Gils River, 
and embraced the region then known as southern California. Parry's 
collections of rock specimens and fossils were classified and de^'cribed 
by James Hall 2 and T. A. Conrad.3

i Parry, C. C., and Schott, Arthur, Geological reports: United States and Mexican Boundary forvey, vol. 
I, part 2, pp. 1-98,1857.

* Hall, James, Paleontology and geology of the boundary: United States and Mexican Bound "ry Survey 
vol. 1, part 2, pp. 105-140,1857.

  Conrad, T. A., Description of Cretaceous and Tertiary fossils: Idem, pp. 141-147.
115536° -1& WSP 446  2
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The first geological survey of California was conducted during the 
years 1851 to 1856 by Dr. John B. Trask, but San Diego County was 
not included in the areas investigated.

In December, 1853, William P. Blake, as geologist of th°> expedition 
under Lieut. R. S. Williamson, Corps of Topographical Engineers, 
to ascertain the most practicable and economical route for a railroad 
from Mississippi River to the Pacific Ocean, traveled from San Felipe 
to San Diego and thence north to San Pedro, and made a report on 
the geology of the region based on observations along his route.1 
J. S. Newberry, geologist of the expedition under Lieut. J. C. Ives for 
the exploration of the Colorado River, crossed from San Diego to 
Yuma in December, 1857, and obtained notes on the geology.3

Under the second State geological survey of California in 1872, 
W. A. Goodyear made a reconnaissance of San Diego County,3 and in 
1892 H. W. Fairbanks made an accurate reconnaissance survey of 
this and adjacent counties.4

All^ reports of the California State Mining Bureau subsequent to 
the fifth contain notes on the mineral resources of San Diego County, 
including observations on the general geology. In 1914 that bureau 
published a pamphlet by Dr. F. J. H. Merrill giving a general outline 
of the geology of San Diego and Imperial counties.5 Some studies 
of the paleontology and stratigraphy of the coast have boen made to 
which specific reference will be made in the following page'71

PTJBPOSE AND SCOPE OF THIS INVESTIGATION.

The area described in this paper comprises approximately that part 
of San Diego County which is drained directly into the Pacific Ocean. 
With unimportant exceptions, it does not include that part of the 
county whose streams discharge into an interior basin or into the 
Gulf of California. (See Pis. I and II.) The eastern l:mits of the 
area covered are, however, not sharply defined. Plr.tes II, HI, 
and XV (in pocket), which show topography, locations of wells, 
geology, and precipitation, cover the area lying west of longitude 
116° 30' and south of latitude 30° 30'. This area, is about 60 miles 
long and 50 miles wide and embraces about 3,000 square miles.

i Blake, Wm. P., Geological report, explorations and surveys for a railroad route from the Mississippi 
Eiver to the Pacific Ocean: 33d Cong., 2d sess., S. Doc. 78, pp. 122-130,176,1856. Also Observations on the 
physical geography and geology of the coast of California from Bodega Bay to San Dl^go: United States 
Coast Survey Kept., 1855, pp. 376-398,1856.

* Newberry, J. S., Geological report: In report upon the Colorado River of the West, erolored in 1857 and 
1858 by Lieut. J. C. Ives under the direction of the Office of Explorations and Surveys: 3Ctti Cong., 1st sess., 
H. Doc. 90, pp. 13-18,1861.

8 Goodyear, W. A., San Diego County: California State Min. Bur. Eighth Ann. Rept., pp. 516-528,1888.
* Fairbanks, H. "W., Geology of San Diego County; also of portions-of Orange and Sar Bernardino coun­ 

ties: California State Min Bur. Eleventh Rept., pp. 76-120,1893.
B Merrill, F. J. H., Geology and mineral resources of San Diego and Imperial counties: California State 

Min. Bur., 1914.



The investigation on which this report is based was mfcde irxte* 
diction of O. E. Meinzer, geologist in charge of the gStomv4-wfttet 
investigations of the United States Geological Survey, in financial 
.cooperation with the State of California and the city of San Diego. 
The purpose was to obtain accurate and comprehensive inf carnation 
with regard to the ground waters of the western part of San Diego 
County available for use- by landowners, water companies, and 
communities in the solution of their water-supply problems.

The field work was begun in September, 19 14. The geologi". survey 
was made from September to December of that year. The observa­ 
tions. on ground water were continued without inteflruption until 
August, 1915, but data were not systematically gathered after De­ 
cember, 1915, and any changes brought about by the floods of Jan­ 
uary and February, 1916, have not been considered in thir report. 
The important conclusions of the report are, however, not affected 
by these floods.

In addition to the study of the geology and physiograpny of the 
area the field work included measurements referred to sea level of 
the water levels in wells; observations of flow of Tia Juari River 
near Nestor; measurements at irregular intervals of other streams; 
tests of typical wells and pumping plants; collection of infcFmation 
concerning other Wells and pumping plants and of the materials pene*- 
trated by wells; tests of porosity of water-bearing deposits; coileo 
tiooft of records of precipitation and evaporation and of general inf or- 
ma-tion pertaining to the development and use of ground water 
throughout the county; and the collection of Water samples.

Most of the analyses of water were made by S. C. Dinsmon, under 
contract with the United States Geological Survey; others we-re made 
in the water-resources laboratory of the Survey. The analyses were 
classified and interpreted by Alfred A. Chambers, who also rendered 
much assistance in the preparation of the chapter relating to the 
quality of the waters.

Measurements of the flow of the streams in the region ani of the 
water levels in certain wells have been made for a period of 7ears by 
the United States Geological Survey in cooperation with various 
agencies. Most of this work has been done by F* C. Eber% under 
the direction of H, I). McGlashan, district engineer. The complete 
records of stream flow are published in a separate volume (Water- 
Supply Paper 447), but use has been made of the recordr in the 
ground-water investigations reported in this paper.

K. B. Sleppy, assistant engineer, and D. L. Lee assisted in gathering 
and compiling the records pertaining to wells, stream flow, and pre­ 
cipitation, and in collecting the samples of water for analyst* The



20 GROUND WATEKS OF WESTERN SAN DIEGO COUNTY, CALIF.

pumping tests were made by W. R. Layne, assistant engineer. 
Assistance in the study of these tests and in the preparation of the 
discussion thereon was rendered by Raymond Matthew, assistant 
engineer.

The writers wish to acknowledge the public spirit and interest 
shown by the officers of the city of San Diego, the Cuyamaca Water 
Co., Volcan Land & Water Co., Sweetwater Water Co., San Diego 
Consolidated Gas & Electric Co., and other organizations M furnishing 
data and in otherwise expediting the work. Acknowledgments are 
especially due to Mr. W. S. Post, chief engineer for the rnrt two com­ 
panies mentioned, Mr. R. T. Hill, geologist, Mr. H. A, Whitney, 
hydraulic engineer, department of water of the city of San Diego, 
Mr. John F. Covert, engineer for the Sweetwater Water Co., Mr. A. E. 
Holloway, of the San Diego Consolidated Gas & Electr^, Co., Mr. 
Rudolph Wueste, of the same department, and Mr. C. S, Alverson, 
hydraulic engineer, Mrs. M. J. Herman, Dr. W. E. Wise<?up, Capt. 
J. F. Scott, and Mr. Wilkes James, for their cooperation and for the 
valuable information which they furnished. The writers are also 
very much indebted to Mr. A. E. Hatherly, of San Diego, for the com­ 
plete logs which he furnished for wells that he has drilled in Tia 
Juana, Otay, Mission, and other valleys and on the mesa in the vicinity 
of Nestor. The cooperation of the owners of wells an*! pumping 
plants in permitting measurements to be made was of great assistance 
in the work and is hereby acknowledged, together with their many 
other courtesies. Credit for specific information is given in the 
appropriate places in the text.

PHYSIOGRAPHY.

By A. J. ELMS. 

INTRODUCTORY STATEMENT.

The part of San Diego County described in this report consists of a 
mountainous highland area and a narrow belt along the shore char­ 
acterized by broad, flat-topped sea terraces, called in thk report the 
San Diego coastal belt. The highland area is a part of a g^eat upland 
region that extends far south into Lower California. T\is upland 
is limited on the east by a steep descent to the Gulf of California and 
the Salton basin, but its plateau-like surface slopes gradually west­ 
ward toward the ocean. It appears like a huge block of the earth's 
crust that has been broken and uplifted along its eastern side. In 
form and position it resembles the Sierra Nevada, but the amount 
of uplift and tilting has been much less.
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SAN DIEGO COASTAL BELT. 

GENERAL FEATURES.

The coastal belt consists, for the most part, of several relatively 
flat, high, upland benches or terraces that are dissected by stream 
channels and that extend from the highlands westward to the ocean, 
where, except in the region of San Diego Bay, they terminate in a 
line of sea cliffs. The terraces are generally referred to co'Iectively 
as "the mesa," but some of the interstream areas have received 
individual names, such as Otay Mesa, which lies between T'a Juana 
and Otay rivers, and Linda Vista Mesa, which extends f~om San 
Diego River to Los Penasquitos River.

The major stream valleys are wide and flat bottomed and are 
bounded by very steep slopes that in many places are several hundred 
feet high. The minor stream valleys are the valleys of young streams 
that, with few exceptions, rise on the mesa. They are shor4:, narrow 
gashes in the terraces and are tributary to the main streams or open 
directly into the sea. The major valleys are occupied by older rivers 
that head far back in the highland area.

North of Mission Bay and rising high above the mesa Soledad 
Mountain forms a broad peninsula that extends a few miler into the 
ocean; south of Mission Bay, Point Loma forms a second peninsula 
that partly incloses San Diego Bay.

From La Jolla (see map, PL II, in pocket) the coast lino extends 
northward, bearing gradually more and more to the west without 
any considerable irregularities; but south of La Jolla it winds about 
bays and peninsulas so that the distance from La Jolla to the inter­ 
national boundary measured along the shore is more than 75 miles, 
whereas the distance between these points in a direct line is less than 
25 miles. The total length of the shore line in San Diego County, 
including the bays, is about 125 miles, although the distance in a 
direct line from the southwest corner of the county to SFTI Mateo- 
Point at the northwest corner is only 68 miles.

The controlling influence in the development of the physiographic 
features of the coastal belt has been oscillation that is, the rising 
and sinking of the land with respect to the sea level. Sucl vertical 
movements of the land seem to have been almost continuous since 
.the oldest sedimentary formations in the coastal belt were laid down. 
As a result of these movements deep valleys have been cut repeatedly 
by the streams and subsequently partly filled, and different levels 
have been successively exposed to the waves, so that rumerous 
terraces have been formed. As described in more detail on page 
22, these movements have been irregular, being rapid at som^s periods 
and slow at others. At times they have affected only certain parts 
of this region; at other times the whole coastal belt in S^n Diego
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County seems to have moved uniformly. Within very recent geologic 
time the land has stood considerably higher than at present, and 
there are indications (see p. 23) that along most of the coast sinking 
is now in progress. The net result of these oscillations, 1 owever, has 
been a general elevation of the region.

COAST LINE.

From San Qnofre to the mouth of Soledad Valley the coast line is 
bordered by cliffs which in places rise sheer from the margin of the 
water and in other places are separated from the water by a narrow 
band of beach sand. These cliffs have been formed by the waves 
cutting into and undermining a terrace that stands 75 to 100 feet 
above sea level. (See PI. V, A) From the mouth of Soledad Valley 
to La Jolla the lower terrace is absent and the cliffs, whicV here mark 
the edge of Linda Vista Mesa, reach heights of more than 400 feet.

Nine streams-reach the sea between San Mateo Point and La Jolla. 
The lower parts of all their valleys have broad, flat, marnhy bottoms 
and contain lagoons that on drying up in summer leave broad tracts 
heavily coated with salt. These lagoons lie where beach ridges have 
been built across the mouths of the valleys by waver* and shore 
currents, so that most of them are entirely cut off from the ocean, 
and their drainage, except in times of flood, reaches the sea by per­ 
colation through the sand. Only the Santa Margarita, the Sap. Bie- 
guito, and the Soledad are able to keep narrow channels o^en through 
the beach deposits.

The beach ridges, cliffs, and terraces are the results of vave erosion 
and deposition by shore currents, together with changes in the eleva­ 
tion of the land with respect to sea level. The mode of tt^ir develop­ 
ment may be illustrated by a brief discussion of the physiographic 
history of "the area about Oceanside. Before the materials that form 
the 75 to 100 foot terrace bordering the coast near Oceanside were 
deposited the land stood possibly as much as 200 feet hi^h0p than it 
does at present. At that time the shore was no doubt somewhat 
farther west. While the land was rising and while it s*<M>d at this 
lugbest elevation the streams cut their valleys down to what was 
then sea level that is, about 200 feet below the present ^alley floors. 
The land then sank to a level about 100 feet below that at which it 
BQW stands, so that the sea advanced over the lowlands and flooded 
$10 valleys. During this time of submergence the waves cut into the 
ends of the ridges between- the estuaries and formed a line of sea 
cjjffs with a wave-cut terrace at the base. Part of the material 
derived from this cutting was washed out into deeper water by the 
undertow and part was swept ajong shore and formed bars across the 
mouths of the estuaries ia the same way that bars have been formed 
a-teng the present shore, At the same time the streams w«*» washing
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A. DIABASE DIKE IN EOCENE SEDIMENTS AT LA JOLLA.

B. SEA CLIFFS OF CRETACEOUS ROCKS (CHICO FORMATION) AT LA JOLLA. 

Shows caves produced by wave erosion.
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. WEST EDGE OF LINDA VISTA MESA NEAR ENCINITAS.

Shows sea cliff. Looking north.

E. BEACH PEBBLES DEPOSITED BY STRANDED SEAWEED, ENCINITAS.
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sand and gravel down their valleys and filling tb.e lagoojr 
the bars. In. this manner a nearly continuous terrace -Was formed 
along the shore beneath the water's edge. When the land was again 
elevated the newly formed terrace emerged, the streams began to 
isemove the filling from their valleys, and the bars were cut through. 
As the terrace rose new streams were established on it and produced 
topographic features that are distinctly contrasted to those adjacent 
on -the east. This relation is called by Salisbury a "topographic 
uncHWiformity." 1 The laiid had probably reached an elevation some- 
wh$t Jjigher than it is ai present and the streams had probably cut 
their beds sl%htly lower than they now are when sinkir? began 
again, This sinking, possibly now in progress, is shown by the partly 
drowned and consequently marshy valleys of all streams that reach 
the ocean in this part of the county.

About 3 miles north of La Jolla a dike of igneous rock (basalt) 
about 2 feet wide extends from the base of the cliffs southvestward 
mto the ocean (see PL III, in pocket, and PL IV, A). The total 
length, of the dike exposed at low water is, according to Fairbanks, 
about 1,800 feet. Its northern end is now covered by talus, so that 
its relation to the mesa formations is concealed, but ia 1^92 Fair­ 
banks reported that it did not extend into the cliffs, "the oily signs 
being a fault in line with the dike." 2

At many places along the shore, but particularly betweer Delmar 
and Encinitas, accumulations of large flattened, smooth-surfaced 
pebbles or small boulders lie a few feet above, high-water mark and 
extend along the beach in narrow ridges, in some places 2| feet in 
height. The average pebble is 'about 5 inches long, 3 incl ^ wide, 
a#d 2 inches thick. Plate V, B, shows one of these ridges near 
Eacinitas. The concentration of pebbles in this form is dm to the 
action of storm waves whose inrush carries sand and pebbles to a 
position beyond the reach of the waves under normal conditions. 
These waves retreat much more feebly than they advance, and con­ 
sequently while the sand and small pebbles are dragged back to the 
surf, the large pebbles are left stranded. It has been observed that 
kelp, wfeipt is brought ashore by the waves, sometimes carrie^ pebbles 
of this kind inclosed in its rootlike bases. These pebbles ha^e served 
as supports or anchors for -the kelp and have been lifted from the 
sea bottom when the plant attained a sufficient buoyancy, pr have 
been dragged along when the plants were torn fromt. their naoedjjgs 
by storm waves.3 Fragments of seaweeds, some of which are

i Salisbury, R. D., Three new physiographic terms: Jour. Geology, vol. 12, 1904. Salisbury, R. D., and 
Atwood, W. W., fhfy interpretation of topographic maps: U. 8. Geol. Survey Prof. Paper 60, p. 78, pi. 151 
MM. '
  Fairbanks, H.W., Geology of Sau Diego County, etc.: California State Mfn. Bur. Elwenth Ann, 

Kept., p. 97, 1892.
« Shaler, N. S., Sea and Land, p. 55, 1894.
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like masses still inclosing pebbles, are shown in Plate V, B. . Atten­ 
tion is being directed to these deposits as a possible source of grinding 
pebbles.

From La Jolla southward to the international boundary the coast 
line is characterized by peninsulas, bays, steep wave-washed cliffs, 
sandy beaches, and muddy and marshy tidal flats. TH peninsula 
on which La Jolla stands is the most noteworthy irregularity of the 
coast. It extends about 2 miles into the sea and is alout 4 miles 
wide. Soledad Mountain, which forms this peninsula, is 822 feet 
high and is separated from the bench on the east by Rose Canyon, 
which has cut down 300 to 400 feet below the level of the mesa. A 
record of the oscillations of the coast line is preserved on Soledad 
Mountain in sea terraces which appear at short vertical intervals 
from the base to the top of the mountain. For a distance of several 
miles along the shore near La Jolla the present sea cliffr are washed 
by the waves at high tide, and in some places they have been deeply 
carved by wave action. Just east of La Jolla, at the edge "of the 
village, the waves have cut large caves which, thougl flooded at 
high tide, may be entered at low tide (see PI. IV, B) ar d which are 
objects of much interest to sight-seers.

Soledad Mountain may owe its origin to a fault that extends 
southeasterly along its eastern flank approximately in lir°t with Rose 
Canyon.

Point Loma forms a second peninsula probably produced in the 
same way as Soledad Mountain, but its greatest elevation, which is 
at the southern end of the point, is only 400 feet. This peninsula is 
7 miles long, north and south, and varies in width from a quarter of 
a mile on the south to 3 miles on the north. The neck of land that 
connects Point Loma with the mainland consists of delta deposits 
laid down by San Diego River. Point Loma was an Hand during 
Quaternary time and it is said that it continued an island to a time 
within the memory of Indians living when San Diego was settled.

Mission Bay occupies a syncline of which Soledad Mountain forms 
the northern and Point Loma the southern limb. The silting up 
of this bay has reached a fairly advanced stage. The entrance is 
nearly closed by Point Medanos, which is a sand bar extending 
southward from the north shore to within a quarter of r, mile of the 
south shore, and owing to its continuation under water the depth of 
water in the present channel at mean low tide is only 4 feet. Over 
fully 75 per cent of the area of the bay soundings have shown a depth 
at low water of less than 2 feet, and depths greater than 20 feet were 
measured at only two places. A mud flat that covers about 2 square 
miles and lies only slightly above high water forms the southern 
shore of the bay.
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From Point Loma south to the Mexican boundary the coastal belt 
is occupied by San Diego Bay and the lowlands, including a consider­ 
able area of tidal marsh between the mouth of Otay River and the 
south slope of Tia Juana Valley. The topographic features of this 
area and depths of water in the bay and off its entrance arc shown 
on Plate VI. San Diego River formerly emptied into Sar. Diego 
Bay, but the silt which it carried into the bay threatened to destroy 
the harbor so that in 1853 the stream was diverted into Mission Bay.1 
The rate of silting up of the bay was thus materially reduced but the 
amount of sediment carried in by other streams necessitates dodging 
to keep the bay open for shipping.

The long neck of land that connects Coronado Island with the main­ 
land and incloses the bay on the east is a sand bar built by waves 
and shore currents -that have also formed a narrow land connection 
between Coronado Island and North Island and would undoubtedly 
close the channel between North Island and Point Loma but for the 
jetty east of the channel, which was constructed to prevent the 
closing of the bay. *

Fairbanks 2 states that "San Diego Bay has probably been formed 
through the drowning of a river valley in connection with the action 
of ocean waves and currents." It is possible that when the land 
stood at a higher level Tia Juana River may have flowed through 
that valley, Otay and Sweetwater rivers being then tributary to it. 
Hie Tia Juana seems to be much more competent to occupy such a 
valley than the Otay, although no evidence has been founc1 as yet 
that a river crossed the terraces between Tia Juana River r.nd San 
Diego Bay. It is likely that a stream as large as the Tif. Juana 
would leave recognizable traces of an ancient channel.

TERRACES. 

GENERAL RELATIONS.

The terraces, locally known as mesas, range in height from 20 to 
1,200 feet above sea level, but they are most extensively developed 
between elevations oi 300 and 500 feet. North of Otay River the 
principal terraces slope gently toward the ocean from an elevation of 
about 600 feet near the eastern margin to about 300 feet near the west­ 
ern margin. South of Otay River the terrace, or top of the nies,^, slopes 
in the opposite direction. The western edge of Otay Mesa (see PL 
VT) is nearly 550 feet high; 4 miles farther east the elevation is but 
little more than 500 feet. The actual slope is, however, much less 
than it appears to be when the terrace is viewed .from a lower level 
a few miles north of its northern edge.

i U. S. Army Chief of Engineers, Ann. Rept. for J868, p. 886.
* Fairbanks, H. W., The physiography of California, p. 43; reprinted from Am. Bureau Geof, Bull., vol. 

2, pp. 232-252, 329-360,1901.
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The terraces were originally formed below sea level. JSach in turn 
was leveled by the combined wave erosion and marine deposition, 
as described on page 22, and then lifted above the sea and subjected 
to stream erosion. The highest terrace is the oldest. Most of the 
present irregularities of the surface are due to stream action. The 
elevation of the land progressed irregularly, being relatively rapid at 
some times and much slower at others. During times of slow or 
interrupted rise the sea cut cliffs at successively lower levels on the 
edges of the terraces, such as those now being formed along the 
shore at La Jolla, and during tunes of rapid elevation parts of the 
sea bottom were lifted above the waves to form successive terraces. 
These cliffs and terraces are now conspicuous features of the 
landscape.

In the region about San Diego Bay, as shown by Plate "I (in pocket), 
there are five terraces, which, north of Tia Juana River, are, respec­ 
tively, about 20, 50, 100, 250, and 500 feet above sea level. These 
elevations are, however, only general, for each of the terraces was 
originally somewhat uneven, and, moreover, they hp.ve been con­ 
siderably modified by erosion, so that their true relations can be seen 
only by observation from selected localities. Viewed from a dis­ 
tance, as from a point northeast of Chulavista on the south bluff of 
Sweetwater Valley, the minor irregularities of the terraces disappear, 
and they are seen as a succession of nearly flat benches or steps rising 
from the low shore of San Diego Bay to the border of the highlands 
on the east.

The darker colors on Plate VI indicate the remnarts of the ter­ 
races; the lighter shades indicate their probable extent previous to 
erosion. As indicated on this map the marine terraces extend into 
the major valleys and show that these valleys were estuaries when 
the terraces were formed.

The terraces south of Tia Juana River exhibit somewhat different 
topographic relations. Only a small part of these terraces is in the 
United States, but even in this part the cliffs are steeper and higher, 
and the terraces are separated by larger vertical injjervajs than the 
corresponding cliffs and terraces north of the river. For example, 
the terrace on which Oneonta is situated, which is the Hghest terrace 
between Tia Juana and Otay rivers on which Quaternary fossils are 
found, is about 50 feet above sea level; but the broad, perfectly de- 
vejoped terrace which extends for many miles south of the Tia Juana 
and on which Quaternary fossils are abundant, is about 100 feet above 
sea level along its eastern margin and is nowhere less than 75 feet above 
the sea. The terrace north of Tia Juana River which, at an elevation 
of about 200 feet, corresponds to a terrace south of the Tia Juana at 
an elevation of about 400 feet, and Otay Mesa, shown on Plate VI at 
about 500 feet above sea level, is represented south of the T&a Juana
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by a tableland that is about 700 feet above sea level and that extends 
from a pp»ts near the international boundary southward to 
Mountain. Each of these terraces is of marine origin, and 
must have been of uniform, elevation throughout its extent wifeeji it 
was formed, if the correlations of the disconnected parts of the 
several terraces as indicated are correct, their present relationr prob­ 
ably mean that the land south of Tia Juana River has risen higher 
and more rapidly than that to the north.

In addition to the principal terraces shown on Plate VI, compara­ 
tively inconspicuous benches at other elevations mark short pauses 
in the retreat of the shore line. One of these is on the south side of 
Otay Mesa at 425 feet above sea level, and another, at 300 feet above 
sea level, may be seen at several places between the international 
boundary and Sweetwater River. No doubt careful field studies 
would reveal still others.

In the geologic reports of the United States and Mexican Boundary 
Survey, Parry * mentions three terraces in this region, the lowest 
being that which is shown on Plate VI (in pocket) as the Nestor 
plain, the second being the top of Otay Mesa, and the third Table 
Mountain, a flat-topped mountain about 17 miles south of the- inter­ 
national boundary, visible from San Diego as a conspicuous feature 
on the sky line. Surveys made in 1909 show the altitude of Table 
Mountain to be 2,275 feet above sea level.2 It is not necessary, how­ 
ever, to go south of the boundary to find remnants of a much higher 
terrace than Otay Mesa. The high ridges that radiate from tho gran­ 
ite range west of Foster and extend westward to Miramar ani from 
El Cajon Valley to Poway Valley and that form those steep grades 
in the county highway known as the "Poway grade" are remnants 
of a very old and much eroded marine delta terrace. Th© tops of 
these ridges are about 900 feet above sea level near the west 
ends and rise gradually to about 1,200 feet above sea level at the 
aast, where they join the higher slopes of crystalline socks. These 
branching ridges taken together are referred to in this re]f*pt as 
Poway Mesa. Linda Vista Mesa extends from the western edge of 
J*oway Mesa to Soledad Mountain and the ocean and was originally 
continuous southward to Otay Mesa. Comparison of the amounts 
of erosion that have been accomplished on the surfaces of Lmda 
Vista llftaa and Poway Mesa gives some indication of the r^afcire 
ages of the two original terraces. The map forming Hate VII sfetows 
parts of L$ada Vbtft Mesa and Poway Mesa. As shown em thh map, 
Linda Vista Mesa is in general flat and stands 400 to §00 feet abosre 
sea level between the ocean and Miramar. Its western part is dis-

1 Parry, C. .C., and Schott, Arthur, Geological reports: United States and Mexican Boundary Survey, 
wrf. 1, pfc. 2, diiip. 5, p. 86, 1857. 

* F. S. Hjrdrogrsphie Oflfo*. Navy Mariners' Chart No. 1149, "San Quentin to
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sected by narrow canyons that are separated by broad, flat divides, 
but its eastern part is a broad gently sloping plain that is practically 
untouched by erosion. Farther south the terrace of riiich this was 
originally a part is cut through by the deep broad valleys of San 
Diego, Sweetwater, and Otay rivers, and the several parts between 
these main streams are much dissected by smaller valleys and ravines. 
Yet even here considerable tracts of the original nearly flat terrace 
are still preserved. These topographic features are distinctly in con­ 
trast to those of the Poway Mesa, a part of which ea,st of Miramar 
is shown in Plate VII. The canyons of the Poway Me<m are so close 
together that none of the original flat top remains, th^ crests of the 
ridges being narrow and in many places less than 10 feet wide. These 
divides, however, have probably not been cut far below the level of 
the original terrace. They are nearly uniform in height, sloping from 
about 1,200 feet above sea level on the east to about §00 feet on the 
west and they represent fairly well the slope of the terrace when 
erosion began. The topography of Linda Vista Mesa is "young," 
that of Poway Mesa is "mature/' showing that the higher terrace 
has been exposed to erosion a much longer time than the lower one.

POWA7 MESA.

The original extent of Poway Mesa can not be determined. Rem­ 
nants of it are preserved west and southwest of El Ce jon Valley and 
north of Poway Valley. At the time of the earth movement which 
brought Linda Vista Mesa above seal level Poway Mesa probably 
extended southward to the vicinity of La Mesa, westward over the 
site of Miramar, and northward nearly to Black Mountain. Pre­ 
vious to that time it may have extended much farther westward.

Considerable interest attaches to this high terrace on account of 
its possible relation to ancient stream gravel that extends eastward 
as far as Witch Creek, as shown on Plate III. This gravel now caps 
mountains .which rise to elevations of 2,000 to 3,500 feet and it has 
generally been regarded as marking the course of some large ancient 
river. As suggested by Fairbanks (see p. 41), and as shown on the 
map (PI. Ill), Poway Mesa may be the delta of such a river. But 
the region has been lifted 1,500 feet or more since thQ. Poway Mesa 
was formed, and probably most of the features of the highland have 
since been developed, so that it is now impossible to visualize accu­ 
rately the physiography of that time. An explanation of the origin 
of the so-called "placer gravels" which has been brought to the 
attention of many residents of San Diego is that Colorado Kiver once 
may have crossed the country along the line of grave1 deposits and, 
flowing across the terraces and through the present site of San Diego, 
entered San Diego Bay, and that the gravels, together with supposed 
stream deposits on the terrace (and underlying San Di^go), were laid
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down by this river. But it should be remembered that when Poway 
Mesa was being built the present site of San Diego was pos4bly 
several hundred feet below sea level, and that the shore line must 
have been at least as far east as Foster, so that no fluviatile deposits 
in or near San Diego could reasonably be attributed to the same 
origin as the stream gravels east of Foster. The origin of the stream 
which deposited the gravels is altogether a matter of conjecture, but 
it certainly had no relation to present topographic conditions.

MOUNDS.
The surface of Linda Vista Mesa and, to a less extent, the tor-aces 

north and south of it are dotted with thousands of low, round 
hummocks that range in height from a few inches to 3 feet and in 
diameter from about 3 feet to 15 feet. Over wide areas the7 are 
found very close together, some being separated by less than £ feet 
(PI. VIII). Some casual observers have supposed them to have been 
formed by gas escaping from the freshly deposited material; others 
believe them to represent the work of springs of water while the plain 
was still near sea level. They are, however, no doubt correctly 
ascribed to the action of the wind as it sweeps through the sparse 
desert vegetation and blows away the loose soil except where it is 
held by plant roots. One or two shrubs are generally found growing 
in the center of each hummock, though many of them are bare. 
The barren hummocks merely indicate a former distribution of vege­ 
tation. These products of wind erosion are common features of arid 
plains in western North America, 1 where, owing to the absence of 
wind breakers and the sparse soil the eroding power of prevailing 
strong winds is particularly effective. A-report of the United States 
Weather Bureau 2 describes the eroding and transporting power of 
the winds:

The winds throughout the entire section are light, except when, northern storms 
move southward, or when Sonora storms in the summer months move slowly north­ 
westward and recurve. There are certain well-marked winds, known as Santa Ana 
or desert winds, which blow for periods of about three days from the north. These 
winds are generally dust-laden, are very dry, and are extremely trying to human 
and animal life. In San Diego County these are known as desert winds, as they blow 
rom th-p east; but in the other counties the direction is more from the north. Mr. 
CampbelV describes these winds as follows, in the MontMy Wealther Eevi?w for 
October, 1S06:

"They blow during periods of 3 to 6 or 9 days; but rarely last beyond 21 days. 
They are cool winds to us here on the mountains, while on the coast they a^e hot, 
arid are skin-drying, lip-cracking, unpleasant visitants. After they reach the coast 
the force is mostly out of them. Sometimes their force at Campo rivals a huricane.

»See Chamberlin, T. C., and Salisbury, II. D., Geology, vol. 1, p. 22,1904. See also Barnes, G. W.t The 
Hillocks or mound formations of San Diego, Calif.: Am. Naturalist, vol. 13, p. £65; 1879. Wallace Alfred 
K., Glacial drift of California: Nature, vol. 15, p. 274, Jan. 25, 1877. LeConte, Joseph, Hog wa'lows or 
prairie mounds: Nature, voL 15, p. 530, Apr. 19,1877.

1 MsAdie, Alexander, Summaries of climatological data, by sections: U. 8. Weatber Bureau Bull, W, 
vol. t, sec. 13, p. 2,1912.
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In places they pierce window panes with little round holes as if drilled by the 
coarse gravel they carry like a dose of small shot. On my ranch oa the Laguna 
Mountains, at an elevation of 6,500 feet, all the east side is in big pine and oak timber 
for some miles; yet on the last ridge overlooking the desert on tt e east, not a tree 
grows for miles, although north and south they grow up to within 200 yards of it all 
along. Even lie brush changes on that last ridge from a growth of 6 to 10 feet down 
to all dwarf, creeping and clinging close to the ground, but of th? same variety as 
the upright. These winds are so violent that they often tear dovn houses. Their 
duration is from October to March. We generally get our first Ml rains after the 
blow is over; but this year the first rain, on the 15th, preceded this o^e. If they come 
in the spring after the first blooms form, both the blooms and the young fruit drop 
off the trees after a short time. The barometer responds more quickly to an east 
wind than to any other change of weather."

ANCIENT BEACH RIDGES.

An interesting topographic feature on Linda Vista Mesa is a series 
of low ridges that extend from Mission Valley northward for 6 to 
15 miles, in many places being brought into exaggerated relief by 
erosion. Most of these ridges are capped by a brigh-tred sandstone 
which is indicated on the geologic map (PI. Ill, in pocket). Por­ 
tions of three of these ridges, somewhat dissected by transverse 
canyons but still easily identified are shown on Plate VII. The 
letter "A" marks the northern extremity of a ridge that extends 
south to Mission Valley; the letter "B" marks disconnected parts 
of a ridge that also extends to Mission Valley. The ridge marked 
"C" extends only short distances north and south of the edges of 
the area shown on Plate VII. It is believed that these ridges were 
formed by the waves along former shore lines just as similar ridges 
are now being formed along the shore near the international boundary, 
or in a manner very similar to that in which the fand spit that 
extends from Coronado south to the mainland (soo p. 25) was 
recently formed. If the land were raised 100 feet £in Diego Bay 
would be entirely dry, and the sand spit would form a ridge which 
would have very much the appearance of the old riiges on Linda 
Vista Mesa. A more striking example of the origin of these ridges 
may be seen in the much more recently formed sard ridge which 
extends along the shore between the railroad and tho edge of the 
bluffs from Delmar nearly to Oceanside and which for long dis­ 
tances cuts off the view of the ocean from -the train. This ridge 
rests on the extreme edge of the mesa, as much as 100 feet above 
sea level in many places, but it has been much more recently 
elevated above the sea (see p. 69) than the higher ridges farther 
east.

SAN ONOFRE HILLS.

North of San Luis Rey River the broad terraces and widely 
separated canyons, characteristic of the mesa farther south, give way 
to high, rounded steep sloped hills separated by deep, narrow, inter-
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locking valleys. The hills reach elevations ranging from 50® f* BOO 
feet above se» level and have an average height of about 39C feet* 
Beginning about 3 miles north of Ysidora and extending 
to Arroyo San Mateo 'the San Onofre Hills (including San C 
Mountain) rise to elevations of 800 to 1,735 feet, and are flanked  Mft 
the east by the dissected terrace, 300 to 500 feet high, which corre­ 
sponds to Linda Vista Mesa and on the west by a low narrow sloping 
plain bordering the coast. The San Onofre Hills are about 3 miles 
wide and are intersected by several canyons which cut belo1^ the 
level of the terrace on the east. These hills are believed to have been 
formed later than the terraces and probably owe their origin to an 
upward movement of the land between the ocean and a faulf thai 
extends along their eastern base.

MAJOR VALLEYS.

The valleys referred to in this report as major valleys are those 
occupied by Santa Margarita, San Luis Rey, San Dieguito San 
Diego, Sweetwater, Otay, and Tia Juana rivers. They are cl ^rae- 
terized by wide flat gently sloping floors, bordered by very steep 
slopes or bluffs several hundred feet high, and they contain streams 
that rise far back in the highland area.

Santa Marg&tita VaMey. Halfway between Deluz station and 
Home ranch Santa Margarita River leaves a rock gorge and enters. 
a broad valley. As far downstream as the Home ranch this valley 
is bordered on the west by granite hills and on the east by bluffs that 
lead up to a terrace or mesa about 300 feet above the valley floor. 
Below the Home ranch it is bordered on both sides by bluffr that 
lead up the terrace. The valley is constricted at the Home ranch and 
near Ysidora, but its average width is nearly a hah* mile. The river 
is about 100 feet above sea level one mile north of the Home ranch, 
and its gradient is about 10 feet per mile from this point to the ocean.

San Luis Rey Valley. About 3 miles east of the San Luis Rey 
Mission San Luis Rey River leaves its gorge in the highland area and 
enters a flat-bottomed valley incised about 300 feet below the ter*aces. 
At this point, approximately 8 miles from the ocean, the river is at 
an elevation of about 90 feet above sea level. Its grade belo1^ this 
point is about 11 feet to the mile. East of the mission the valley is 
about 2 miles wide but farther downstream it becomes gradually 
narrower, and near Oceanside it is hardly a tenth of a mile in vddth.

SanDiegwto VaMey. San Dieguito River leaves its rock gorge about 
6 miles from the ocean and enters a valley which opens abruptly to a 
width of half a mile. At the mouth of the gorge the river is about 
40 feet above sea level and thence to its mouth its gradient is about 
7 feet per mile. Through the entire length of the valley the 
rise precipitously 100 to 300 feet above the valley floor.
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Mission VaUey. Mission Valley, which is the valley of San Diego 
River, extends from the rock gorge west of Cowles Mountain south- 
westward to Mission Bay, a distance of 8 miles. From the mouth of 
the gorge to the old San Diego Mission the valley is about a third of a 
mile wide, and from the Old Mission to Old Town, a distance of 6 
miles, it has a fairly uniform width of about three-fifths of a mile. 
The valley floor is flat throughout its entire length, and from its 
head to the vicinity of Old Town is bordered on both siies by precipi­ 
tous cliffs that rise 100 to 300 feet to the levels of the terraces. At 
Old Town the terraces come to an end and the valley forms part of 
the narrow coastal belt. The elevation of the river at the mouth 'of 
the gorge is 100 feet above sea level, and the slope from this point 
to the bay is about 11 feet to the mile.

Sweetwater VaUey. Sweetwater Valley extends from, the vicinity 
of Aloha, where it leaves the highland area, to San Diego Bay, a 
distance of 8 miles. In this distance the descent is 100 feet, or 12^ 
feet per mile. This valley, like Mission Valley, has a fl>,t bottom and 
steep sides leading up to the terraces 100 to 300 feet above the valley 
levels. It is, however, narrower than Mission Valley, being only 
one-fourth to one-half mile wide. It follows a meandering course, 
and in this respect is distinctly in contrast to the lower parts of the 
other major valleys, all of which are more nearly straight. 
, Otay VaUey. -Otay Valley extends due west fror\ the base of 
Otay Mountain to the south end of San Diego Bay. Its sides are 
high bluffs as far west as the village of Otay, but thence to the bay 
the stream flows across a low plain. Otay Valley differs from the 
other major valleys in that its grade is much steeper in the lower  
miles, about 25 feet .to the mile, and, in that the valley floor, instead 
of being flat, slopes rather steeply from the base of the bluffs on each 
side to the stream channel, which through most of its length is in the 
middle of the valley. The significance of these features is discussed 
on page 33.

Tia Juana VaUey, Tia Juana River crosses to tho north side of 
the international boundary at Tia Juana (PL II, in packet) and ex­ 
tends westward 6 miles to the ocean. The valley floor at the bound­ 
ary is about a mile wide and is bordered on the soutl by cliffs that 
rise 400 feet above the river. On the north side of the valley the 
bluffs, which extend northwestward toward Nestor and are more 
than 400 feet high at Tia Juana, rapidly diminish in height and 
leave a broad, plain through which the stream flows westward 
between low sloping banks less than 25 feet high. The river is about 
50 feet above sea level at Tia Juana, Calif., and slopes westward at 
the rate of 8 feet to the mile.

Origin of major valleys. The features of the major vaUeys in this 
region are due in part to the nature of the streams and in part to the
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alternate rising and sinking of the land. The major streams originate 
in the mountains and their headwaters drain large areas. The 
precipitation is so great at certain times that large volumes of 
water sweep through the valleys, but during long intervals the amount 
of water collected in the highlands is so much smaller that it sinks 
into the sands of the river beds as soon as it reaches the eastern 
edge of the coastal belt. Broad streamways which intermittently 
discharge large volumes of water are characteristic of streamr in arid 
regions, and this feature of the major valleys in San Diego County 
is due in part to the action of flood waters. Unusually heavy floods 
which swept the valleys of this area in January, 1916, furrished a 
wealth of evidence as to the process and efficiency of flood erosion. 
The accompanying photographs taken before and after the flood of 
January, 1916, Plates IX, X, and XI, show results of flood erosion. 
But the form of these valleys is in part due also to the fact that during a 
recent period in the geologic history of the region the land stood 
higher than at present, and the major streams were able to cut their 
valleys down to a level which is now 100 to 200 feet below the level 
of the sea, as is shown by the logs of wells sunk in the valleyr, (See 
p. 111). The streams have therefore partly filled their old valleys and 
the widths of the present valley floors represent the distance l^tween 
the valley walls possibly as much as 200 feet above their original 
bases. That the sides of the valleys are generally very steep, and 
in places nearly vertical, is due to the general aridity of the, region. 
The flood waters are efficient in removing talus material which falls 
or slides down to the foot of the bluffs, but the tops of th^ bluffs 
are not worn back as rapidly as in regions where the rams are more 
frequent and the run-off on the surface is relatively large11. The 
rainfall on the terraces is small and is rapidly disposed of by the 
minor streams and by evaporation and percolation, so that, as in all 
arid regions, higher and lower levels are separated by sharp breaks 
and very steep slopes.

As mentioned on page 32, Otay Valley has a much steepen grade 
than the other major valleys and its floor, instead of being flat, slopes 
from the sides toward the stream channel. Moreover, records of 
wells show that the filling in this valley is comparatively shallow. 
These conditions indicate that Otay River, probably because it was 
younger and smaller, was unable to erode its valley to the same depth 
as the other major streams during the time when the land stood higher; 
consequently when the subsequent lowering of the land carried the 
bottoms of all the other major valley floors well below sea le^el only 
a part of Otay Valley was submerged and that to a comparatively 
shallow depth. Otay Valley therefore has characteristics of I oth the 
major and the minor valleys. 

115536° 19 WSP 446  3
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The lower parts of all the major valleys and some of the minor 
valleys are marshy, and some of the streams are completely cut off 
from the ocean by beach ridges. These features are discussed with 
other coast-line features (p. 22).

MINOR VALLEYS.

The largest of the minor valleys are those occupied ly San Mateo, 
Loma Alta, Buena Vista, Agua Hedionda, San Marco* Esconcliclo,

McGonigle, Los Penasqui- 
tos, Soledacl, Rose, and Las 
Choyas creeks. Los Pe- 
nasquitos Creek joins Sole- 
dad Creek 4 miles from the 
ocean, but Ml the other 
creeks mentioned discharge 
either directly into the 
ocean or into Mission or 
San Diego brys. Most of 
the minor valleys, however, 
are tributary to the major 
valleys. Except Escondido 
Creek and Lo^ Penasquitos 
Creek, both of which rise to 
the highland area, the minor 
streams are confined to the 
coastal region. In general 
they occupy steep-floored 
valleys, the distance from 
the top of the terrace to the 
floors of the major valleys 
being usually short, and, 
except at the mouths of 

those that discharge into the ocean, they are without flood plains. 
Some of the minor valleys cut in Linda Vista Mesa follow peculiar 

angular courses, as illustrated by the Tecolote drainage system, shown 
in figure 1. This condition is due to the control of tb<5 drainage by 
the ancient beach ridges. The surface water, which would normally 
flow westward in the direction of the general slope of the terrace, was 
deflected to the north and to the south by the ridges until it was able 
to out across them at right angles. Once establishec1 , the streams 
deepened their valleys in these places.

THE HIGHLAND AREA. 

GENERAL FEATURES.

The highland area lies east of the coastal belt and extends from 
the highest terraces and beyond the eastern boundar^ of the area

FIGURE 1. The Tecolote drainage system, showing the an­ 
gular courses of minor streams produced by ancient beach 
ridges on Linda Vista Mesa.
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covered by this report. For the purpose of obtaining a genera] view 
of the region, W. A. Goodyear in 1872 ascended Cuyamaca Mountain, 
which rises to an elevation of 6,515 feet above sea level, in the eastern 
part of the area. The following graphic description is quoted from 
his report.1

The view from the summit of this peak is very extensive, reaching toward tho south 
far into the Republic of Mexico and toward the north as far as the San Jacinto Peak and 
Mount San Bemardino, while to the west and southwest the shore for many miles, 
together with a very broad expanse of the ocean, are in sight; and to the northeast a 
considerable part of the Coahuilla Valley or the northwestern part of the Colorado 
Desert, and beyond it a long stretch of the southeastern continuation of the Sm Ber- 
nardino range of mountains running to the Colorado River along the northeast side 
of the Desert Valley, can also be seen. This is the best point from which to obtain a 
bird's-eye view of the general form and character of the mountains in the western 
part of San Diego County.

Looking down from this standpoint over the surrounding region, the whole country 
from just back of San Diego easterly to the western edge of the desert is like an angry 
ocean of knobby peaks more or less isolated, with short ridges running in every pos­ 
sible direction and inclosing between and amongst them numerous small and irregular 
valleys. As a general rule, the higher peaks and ridges rise from 1,000 to 2,500 feet 
above the little valleys and canyons around their immediate bases. But in going 
easterly from the coast each successive little valley is higher than the one immediately 
preceding it, and the dominant peaks and ridges are also gradually higher and higher 
above the sea until we reach the irregular line of the main summit crest or water divide 
of the range, when the mountains break suddenly off and fall within a very fe^ miles 
from 4,000 to 5,000 feet or more with an abrupt and precipitous front toward the east 
to the western edge of the desert.

Together with the coastal belt, the highland area has been repeat­ 
edly raised and lowered with respect to the sea level, but so far as is 
known these oscillations have not carried this highland area below 
sea level since an early geologic time. During all the time th«.t the 
upper formations underlying the coastal belt were being laid down, 
and while the terraces were being formed and dissected, the high­ 
land area stood above the sea and was undergoing erosion. The 
movements of the land surface with respect to sea level produced 
results in the coastal belt that are readily recognized hi the structure 
and topography. But in the highland area the effects were princi­ 
pally manifested in changing the gradients of the streams and, to 
some extent, in faulting and folding the rocks. In an area of crys­ 
talline rooks such as this neither the particular results of the several 
movements nor the chronologic order of then1 occurrence are readily 
detected. For this reason the physiographic history of the highland 
area is much more obscure than that of the coastal belt. However, 
a general conception of the origin and growth of the mountains and 
stream valleys may be obtained from a study of their individual 
characteristics and their interrelations.

1 Goodyear, W. A., San Diego County: California State Min. Bur. Eighth Ann. Bept., 1887-S8, p. 520.
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THE MOUNTAINS. 

GENERAL RELATIONS.

The mountains of the highland area belong to what t as been called 
the Peninsular Range. As stated by Fairbanks,1 this range extends 
southward, "forming the backbone of the peninsula of Lower Cali­ 
fornia. Northward it becomes broader and more complex, rising in 
the lofty San Jacinto and San Bernardino ranges on the east, and 
the Santa Ana Range on the west, while the region between is filled 
with mountains and valleys irregularly disposed."

It will be seen from the map (PL It, in pocket) that in the area 
discussed in this report there is little regularity in tie distribution 
of mountain peaks that they do not lie in distinct ranges. Eleva­ 
tions of about 6,000 feet are common in the northeastern part, the 
principal peaks being Morgan Hill (elevation 5,628 feet), Palomar 
Mountain (6,126 feet), Hot Springs Mountain (6,250 feet.), North Peak 
(6,028 feet), Middle Peak (5,750 feet), and Cuyamac^. Peak (6,515 
feet). The general elevation of the eastern half of th^ area is more 
than 3,000 feet above sea level; that of the western half ranges from 
500 to 1,500 feet above sea level, though a few peaks, such as Otay 
Mountain (elevation 3,572 feet), San Miguel Mountain (2,573 feet) ? 
EICajon Mountain (3,680 feet), and WoodsonMountain (2,890 feet), 
exceed 2,500 feet.

The southern slopes of the mountains are commonly nearly barreti 
of vegetation, but most of the northern slopes are covered by chapar­ 
ral and scattered groves of isolated trees of cedar, oak, live oak, pines, 
and firs. Excellent grazing is found on many of the mountain slopes 
and in nearly all the valleys.

Notwithstanding the complexity of the surface features, as seen 
from an elevated position or as shown by the topographic map, a 
number of features afford a certain, degree of uniformit7. The divide 
between the ocean drainage on the west and the gulf drainage on the 
east trends northwesterly, a direction roughly parallel to the shore 
line. The same general direction is followed by numerous dikes 
throughout the highland area, by a scarplike range of low hills at the 
eastern edge of Poway Mesa, by the range composed of porphyritic 
rocks (including Otay Mountains, San Miguel Mountain, and Cowles 
Mountain) and by the San Onofre Hills. Close field observation 
reveals among the smaller features a considerable degree of parallel­ 
ism to this direction that is entirely masked by th°. larger topo­ 
graphic forms shown on the map.

ORIGIN.
In general the mountains of this area have been regarded as due 

principally to erosion. It is believed that previous to the elevation
i Fairbanks, H. W., The physiography of California, reprinted from Am. Bur. Geog. Boll., vol. 2, pp. 

232-252,329-350,1901.
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of the land it was a peneplain that is, a region reduced by stream 
erosion until it had comparatively little relief and that as tt<s land 
was raised the streams were rejuvenated and cut their valleys to their 
present depths. Evidence of the former existence of a peneplain is 
found on the tops of many of the mountains throughout the area. 
Fairbanks 1 describes this evidence as follows:

The features of an ancient base level are particularly noticeable upon tl 3 crests 
of the mountains and ridges. The summit of Smiths Mountain as well as that of the 
Laguna Mountains are fine examples of flat topped. Viewed from a point east of 
Fallbrook, the western slope of the mountains forms a nearly even sky lin^ gently 
dipping toward the coast. The present canyons have been eroded in this ancient 
plain and in many cases they have widened to extensive valleys. The main streams 
are completely graded, flowing over a sand floor.

Stream erosion has probably been the principal direct agent in 
producing this topography, and erosion is notably affected by rising 
or lowering of the land surface. Such movements are also frequently 
accompanied by a certain amount of faulting. Some of the topo­ 
graphic features are due primarily to faulting. Smiths Mountf in and 
the range of peaks forming the divide owe their origin to faulting, as 
explained by Fairbanks 2 and as indicated by the California Earth­ 
quake Commission. Three faults, presumably of considerable 
magnitude, one on each side of Smiths Mountain and Warners Valley 
and one along the east side of the San Onofre hills, are shown on the 
map published by the California Earthquake Commission (see 3^1. Ill) 
and small faults, showing displacement of a few feet, are numerous 
throughout the area. Plate XII shows a small fault encountered in 
the Himalaya mine, near Mesa Grande. In an area of crystalline«/ / «/

rocks, however, it is exceedingly difficult and often impossible to 
detect faults which are too large to be identified by the displacement 
of minor structures, such as joints and veins, and which, though of 
sufficient magnitude to modify the topography, are still too small to 
show the zones of shearing and crushing characteristic of great faults. 
In such an area therefore many faults of moderate size are trrceable 
only by topographic evidence, and as that kind of evidence is rarely 
conclusive, knowledge of the extent to which faulting of this character 
has been effective is necessarily indefinite. The geologic history and 
the structure of the region make it reasonable to suppose that faulting 
has contributed toward the development of the present topography 
of the highland area in two ways first, directly, by lifting certain 
blocks of the earth's crust higher than others and so forming moun­ 
tains ; and, second, indirectedly, by fracturing the rocks so that in 
places they were more easily worn away by the streams (see p. 49), 
and valleys were formed.

i Fairbanks, H. W., The physiography of California: Am. Bur. (Jeog. Bull., vol. 2, pp. 232-2F2, 329-350, 
1901.

* Idem, p. 350. See also Report of California State Earthquake Commission, Andrew C. Lawson, 
chairman, 1910, Atlas, Map No. 1.
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THE RIVER VALLEYS.

The principal streams of the highland area rise near the divide and 
flow to the ocean. Except where they cross the valley plains they 
occupy deep narrow gorges whose walls are of rock but whose floors 
are very commonly of sand. Well borings have shown that the rock 
bottoms underlying the debris in many of these valleys are more than 
50 feet below the present stream beds. The presence of so much 
filling in all the principal valleys is regarded as an indication that the 
stream gradients have been lowered-either by a general sinking of the 
land in the eastern part of the highland area or by rising of the land 
in the western part. It is also possible that the alternate cutting and 
filling of the valleys may have resulted in part, at least, from changes 
in stream flow due to changes in climate.

San Luis Key Valley. San Luis Rey River rises in Warners Valley 
at the foot of Palomar Mountain and flows southwertward over a 
sandy bed to the west corner of the valley, where it turns sharply 
to the northwest and enters a narrow and deep canyo.i which skirts 
the foot of Smiths Mountain. The river flows on a rocky bed from 
the point where the canyon becomes wider and contains a deposit of 
valley fill over which the stream flows. From the Rincc ̂  Reservation 
to Bonsall, near the western side of the highland area, tte valley of the 
San Luis Rey contains deep deposits of valley fill, and from Rincon 
to the east side of Monserate ranch the stream has cut an inner canyon 
about 200 feet deep through valley fill. The explanation of this 
condition is that at an early period, while the land was rising, the San 
Luis Rey cut its bed to a position considerably below the present 
bed; that subsequently the land was depressed and this valley was 
filled by the river with rock debris to a level about 200 feet above the 
present stream, and that the land was again elevated so that the river 
cut down through the fill to its present position.

The total fall of the San Luis Rey from its headwater? to the edge of 
the coastal belt is 2,675 feet, or an average of about 60 feet per mile. 
The fall is everywhere only about 35 feet per mile except between the 
 west corner of Warners Valley and the Rincon reservation. Between 
Warners Valley and Pala the San Luis Rey receives no tributaries 
from the south. All the area south of this part of tt«. river drains 
southward to the Santa Maria.

San Dieguito Valley. San Dieguito River, which is called Santa 
Ysabel Creek in its upper course, rises on the soutl west slope of 
Volcan Mountain, one branch heading in the south corner of Warners 
Valley, and flows in a fairly direct southwesterly course to the ocean. 
The streams that form its headwaters occupy narrow canyons 
developed along a fault line, the southwest wall of the canyons being 
a continuation of the southwest wall of Warners Valle^. The drain-
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age on the north side of Santa Ysabel Creek reaches it throng^ short 
parallel streams that flow almost due south; that on the south side of 
the creek, however, does not enter the main stream directly but forms 
Santa Maria Creek, which flows parallel to the Santa Ysabel through 
the Santa Maria plain and joins San Dieguito River in San Tasqual 
Valley. Through a large part of its course the main stream flows 
over valley fill, but it has not cut so deeply into the fill as 1 as the 
San Luis Rey in part of its valley.

San Diego Vattey. San Diego River rises on the table lard near 
Julian, and all its headwaters flow west or northwest until they reach 
the deep canyon through which the main stream flows and which 
extends southwestward. Above El Cajon Valley no large streams 
enter the river on the north side, but on the south it receives many 
streams of considerable size. The area lying immediately north of 
the San Diego is drained by San Vicente Creek, which flovre in a 
course roughly parallel to that of the San Diego, to its junction with 
the latter near Lakeside.

Sweetwater VaUey and other valleys. Sweetwater Valley and the 
valleys of Cottonwood and Pine Valley creeks, in the southern part 
of the area, are essentially like the valley of the Santa Ysabel. Sweet- 
water River rises just east of Cuyamaca Peak, on a table-land into 
which its headwaters have cut deep canyons, and flows southwest- 
ward to the ocean in a course parallel to courses of the Santf. Maria 
and the San Dieguito. Between the headwaters and Dehesa the 
river receives several tributaries of considerable size on the south 
side but none at all on the north side, all the country between Sweet- 
water Valley and San Diego River being drained by tributaries of the 
San Diego.

Cottonwood Creek, to which Pine Valley Creek is tributary, rises 
somewhat farther south than Sweetwater River and flows in a more 
southerly direction to the eastern base of the San Ysidro Mo^mtains 
where it joins the Rio del Tecate to form Tia Juana River.

The fall of Sweetwater River between its head and Sweetwater 
dam is 4,300 feet, or nearly 100 feet per mile. The fall between the 
head of Pine Valley Creek and the junction of Cottonwood Creek with 
Rio del Tecate is about 4,000 feet, or about 70 feet to the mile.

Peculiarities of drainage systems. The drainage of the highland 
area as a whole presents a number of striking peculiarities. In all 
the principal valleys there are places where the bedrock floor is 
deeply buried beneath detritus. In several of the valleys the rtreams 
are flowing on the rock bottoms of narrow gorges at places farther 
downstream than those where there is so much filling. In some of 
the latter places the rock floor beneath the filling is so low ?s com­ 
pared with the bottoms of the rock gorges farther downstream as to 
indicate either that the filled parts have sunk as compared with the
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gorges or that the gorges have been raised as compared with the filled 
parts, or, in other words, differential land movements have taken 
place. The drainage basins are unsymmetrical, so that most of the 
streams have more and longer tributaries on one side than on the 
other. This arrangement may have resulted from tiltmg of some of 
the blocks of the earth's crust as they were raised or lowered.

The pattern of the streams, as drawn on a map, shows that there 
is a tendency in parts of the region for the drainage tc follow nearly 
parallel courses and to make rectangular changes of direction. These 
conditions are believed to be due to control of the drainage by faults 
or other structures in the rocks.

AN ANCIENT RIVER VALLEY.

It is believed that previous to the establishment of the present 
drainage systems at least the central part of the highland area was 
drained by an ancient stream a part of whose course is now indicated 
by a line of stream deposits (see PI. Ill, in pocket), that extend from 
Witch Creek southwestward nearly to Foster. The evidences of 
this old drainage line are described by Fairbanks* as follows:

It is not generally known that an acient auriferous gravel channel exists in the 
county. It begins about a mile north of the old stage station, anl 3 miles west of 
Ballena post office, where there rises a hill shaped like a whale's bad- (hence the name 
Ballena), covered with washed gravel and boulders. The main port'on of the channel 
which has escaped erosion begins south of the stage station, capping a hill which 
has an elevation above the sea of 2,400 feet, being a little lower than the so-called 
Whale Mountain. The gravel is 50 to 100 feet thick, and has a wid^h of 2,000 feet or 
more. It rises 300 to 500 feet above the valleys and canyons on its sides. It extends 
in a direction a little south of west for about 4 miles, terminating on the south of 
Santa Maria Valley. A granite ridge runs 2 or 3 miles farther in tbe same direction, 
probably preserved by the gravels, which are now gone. A pretty villey, a mile long, 
has been eroded in the eastern end of the gravels, down to the underlying granite. 
Placer mining has been carried on^or years here in a small way by Mexicans. Gold 
is said to be scattered everywhere through the gravels, which are often very firmly 
cemented. Lack of water, for the ridge is higher than any of the surrounding country, 
has prevented work on a large scale. Lately a mining district has been organized, and 
it is proposed to bring water 7 miles in pipe. In the gravels are washed boulders, 
many of them being 2 feet in diameter and well polished. The remarkable thing 
about them, however, is that they are nearly all porphyries. The most abundant is 
a red feldspar-quartz porphyry. Quartzite boulders of all colors are numerous, and 
there are a few of the basic diorite so common in portions of the county. Garnets are 
said to be very abundant in the gravels, and many boulders of a scl ist carrying them 
are also present. The matrix of this rock could not be made out in the field; it is very 
tough and heavy, and has never been seen in place. The red porphyry boulders 
resemble those on the mesa farther west, but have never been found in place. Never, 
in the mountains east or north, has porphyry of this kind been seen, either by myself 
or described by others. From the old stage station the upper course of the stream was 
north and south as far as it can be traced. There are indications that one branch

1 Fairbanks, H. W., Geology of San Diego County, also of portions of Grange and San Bemardino coun­ 
ties: California State Min. Bur. Eleventh Ann. Rept., pp. 91-92,1893.
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extended easterly toward Julian. These gravels appear on a hill surroundec1 by deep 
canyons, about 2 miles east of the top of the grade above Fosters. At the top of the 
grade the hills on the west are flat-topped, and .covered with gravels to a depth of 150 
feet. These have much the same character, and probably belong to the same channel. 
More investigation is needed to determine whether the course of the old st"vc*am was 
down toward the San Diego Elver, in Cajon Valley, or west toward the high mesas 
south and southeast of Poway Valley. It seems probable, however, that the stream 
flowed west, and that the mesas have been formed partly from the bowlders which 
they brought down. This mesa, as well as the gravels at the head of the grade, has an 
elevation of 1,500 feet. The source of the porphyry boulders and the ganetiferous 
schists of this old river is a matter of great perplexity. The gravel deposit has every 
characteristic of an old river channel, and not that of an elevated arm o* the sea; 
besides, the presence of gold in the gravels indicates their derivation from tin country 
farther east. The gold may have been derived from Julian or Mesa Grande, or some 
more remote point. The river must have flowed across the gold belt, but then the 
question arises, how could a river of such magnitude have existed so near the summit? 
The only way out of the difficulty is to suppose that a great uplift has taken place 
along the crest and western slope, coupled with an enormous amount of erosion; and 
that this stream once, before this great change took place in the configuration of the 
country, headed many miles to the northeast, far beyond the drainage of tie western 
slope. The boulders consist largely of hard rocks, and are very smoothly rovnded and 
polished, indicating that they have been transported a long distance, and subjected 
to attrition through a protracted interval.

The peculiarities of the present drainage system, together with 
the evidence of an earlier drainage, indicate not only that 1b.e land 
surface in this area has undergone changes of level of considerable 
magnitude but also that these disturbances have been accompanied 
by warping and slight differential movements. of the crust which 
have produced faults and folds throughout the area. It is probable 
that many of the present drainage lines have been developed in part 
along depressions created by crustal movements and in part along 
fault lines and zones of crushed and weakened rocks, caused l^y those 
movements.

HIGHLAND BASINS.

GENERAL FEATURES.

Comparatively flat tracts, some of them surrounded ly steep 
mountain walls, cover many square miles within the highk-nd area 
and form the broad valleys or basins that are referred tc in this 
report as highland basins. El Cajon Valley (PL XIII), Santa Maria 
Valley (see fig. 2), and Warners Valley are typical examples-. They 
bear about the same relation to the stream valleys that lal'es ordi­ 
narily bear to rivers that is, they form nodes or local enlargements 
which in size are out of proportion to the main stream valleys1 Tbtas 
El Cajon Valley, a little more than halfway between the h">ad and 
mouth of San Diego River, forms a broad, nearly square bsvsin that 
extends 6 miles in the direction at right angles to the courr^ of the 
river and more than 5 miles in the direction parallel to the river. 
The river valley both above and below this basin is in most places
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less tl an. a quarter 
of a mile wide and 
does not exceed 
three-quarters of a 
mile in width even 
in Mission Valley, 
near the mouth of 
the river.

The floors of 
these valleys are 
comp aratively 
smooth and slope 
gently toward the 
streams to which 
they ere tributary, 
being in this respect 
distinctly in con­ 
trast to their rug­ 
ged surroundings. 
Thin deposits of al­ 
luvium, with minor 

' amounts of wind 
deposits, underlie 
all parts of these 
basins, except in 
Warners and San 
Felipe valleys, 
where lake deposits 
occur. In the cen­ 
tral parts of the ba­ 
sins, where the al­ 
luvium has 'been 
spread out by flood 
waters it ranges in 
thickness from only 
a few inches to sev­ 
eral feet, but in the 
slopes near the bor­ 
ders o* the basin 
the thickness of the 
deposit may be 30 
feet or more. The 
alluvium is under­ 
lain Vy granite, 
which i<» thoroughly
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disintegrated at the surface, but becomes gradually firmer be'ow the 
surface and is solid at a depth ranging in general from 50 to 100 feet. 
At some places south of. Fallbrook this residuum is not mo^e than 
10 feet thick, and at a few places, especially northwest of Escondido, 
fresh granite outcrops at the surface.

Each of the highland basins is crossed by one or more streams, but 
there is apparently no genetic relation between the streams and the 
basins. San Diego River flows along the northern edge of JFl Cajon 
Valley; the headwaters of San Luis Rey River lie in the extreme 
northern part of Warners Valley, and hi the lower part of it* course 
this stream crosses near the middle of Fallbrook Plain; Escondido 
Creek crosses near the north end and San Dieguito Creek rear the 
middle of the Escondido plains; and Los Penasquitos Creek flows 
along the south wall of Poway Valley; and there is no clear evidence 
that the general topography of any of the basins is due to erosion 
by these streams.

In accordance with their geographic distribution, the highland 
basins are grouped into three belts. The first belt, or lower basins, 
includes Fallbrook Plain, Eseondido, Poway, and El Cajon valleys. 
Poway Mesa is also included in this belt of basins, because the rock 
floor on which the deposit that now forms the mesa wai? laid is 
believed to be similar to and genetically related to the basin floors 
on the north and south of it. The second belt, or intermediate 
basins, includes Bear Valley and Santa Maria Valley; and the third 
belt, or higher basins, includes Warners and San Felipe valleys.

LOWER BELT.

Fattbroolc Plain. Fallbrook Plain extends from Santa Margarita 
River, at the foot of Gavilan and neighboring mountains, southward 
to the valley of the San Luis Rey, and from Red Mountain westward 
to the eastern edge of the sedimentary rocks underlying the coastal 
belt. Its surface is gently rolling, but a few hills are scattered along 
its western edge. The bedrock is principally granite, v^hich is 
decomposed at the surface, the residuum being 50 to 100 feet deep 
over most of the area, but only a few feet thick or entirely absent 
in some places, where fresh rocks lie near to the surface or are 
exposed. The elevation of Fallbrook Plain ranges from 500 feet to 
about 700 feet, the mean elevation being about 600 feet.

South of Fallbrook Plain and separated from it by the ^alley of 
the San Luis Rey another basin extends southward to Sar Marcos 
Creek and from San Maroos Mountains westward to the sedimentary 
rocks. This basin was originally of the same character acd origin 
as Fallbrook Plain, although it has been made more rugged by ero­ 
sion by the headwaters of seven or eight small streams that rise at 
the foot of San Marcos Mountains. The surface is covered by resid-
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uum, and the average elevation is about 500 feet. At its southern 
end this basin swings eastward along the northern base of Cerro de 
las Posas and joins Escondido Valley, where, owing to less favorable 
conditions for stream erosion, the surface becomes much smoother 

Escondido and Poway vaUeys. Escondido Valley is bo^inded on the 
north by the south ends of the San Marcos Mountains, Merriam 
Mountains, and Burnt Mountain, and extends southward (including 
Poway Valley) to Los Penasquitos River and the base of the cliff of 
Tertiary gravels that forms the side of Poway Valley. It is 4 to 8 
miles wide. On the east it is bounded by highlands that are more 
than 2,000 feet in elevation and that include Las Lomas Muertas and 
Woodson mountains, and on the west by Mount Whitney, Black 
Mountain, and intermediate peaks. The topography of this basin is 
not essentially different from that of Fallbrook Plain, though the 
mountain wall on the west gives it a more basin-like appearance. 
The surface is much smoother in the vicinity of Escondido than 
elsewhere owing to deposits of alluvium which have filled many of the 
hollows. The surface rises slightly between Escondidc and Poway, 
becoming rougher, like the area between the San Luis Rey and the 
San Marcos, and it is crossed by San Dieguito River, which has cut a 
narrow valley to the depth of about 400 feet below the level of 
Escondido. Twin Peak, rising to an elevation of 1,312 feet, and sev­ 
eral lower granitic hills in its vicinity nearly separate Poway Valley 
from the northern part of the plain. The mean elevat: on of Escon­ 
dido Valley is about 700 feet, and of Poway Valley about 500 feet 
above sea level.

The formation that lies at the surface over the greater part of the 
basin is residuum popularly known as decomposed granite. It 
extends to depths of from 40 to about 100 feet, and is underlain by 
solid granite. Along Escondido Creek beds of sand and gravel that 
occupy an old rock valley of the stream have been penetrated to 
depths of 30 to 40 feet by well borings that have failed to reach 
bedrock.

Poway and El Cajon valleys are separated by Poway Mesa, which 
is 1,000 to 1,200 feet in general elevation and is underlain by coarse 
gravels mixed with more or less sandy clay that stand in steep slopes. 
These gravels form most of the north slope of El Cajon Valley, and 
along this slope granite can be seen underlying the gravels at an eleva­ 
tion about 500 feet above the sea. The Beaver oil well (K 22, PL II 
and p. 68) was drilled almost exactly in the center of Poway Mesa at an 
elevation of 1,000 feet above sea level, and it was reported that granite 
was reached at a depth of about 800 feet. According to this informa­ 
tion the elevation of the bedrock at this point between Poway and 
El Cajon valleys is about 300 feet above sea level. The position of the 
rocks here and under the gravels north of San Diego Fiver indicates
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that there is no important break in the surface of the rock floor 
between. Poway and El Cajon valleys.

Practically all the material penetrated by the Beaver oiT well 
consisted of the gravels and sandy clays that are exposed in all the 
canyons in the Poway Mesa, but immediately overlying the Hdrock 
the well encountered a deposit that probably corresponds to t^e marl 
in El Cajon Valley. If the meager information in regard to this 
material is correctly interpreted it indicates that previous to the 
deposition of the gravels of the mesa the underlying rock surface was 
submerged in the waters of a bay which for a long time was receiving 
very little sediment from the land on the east.

El Cajon VaMey. El Cajon Valley, which has a mean elevation of 
about 500 feet, is bounded on the north by Poway Mesa, on the east 
and south by granite walls that rise 500 to 1,500 feet above the valley 
floor, and on the west by a steep, wave-cut slope composed of Ter­ 
tiary deposits. At least six terraces are preserved along this western 
wall at elevations of about 440, 570, 650, 688, 760, and 800 fee* above 
sea level, respectively. Cowles Mountain, through which San Diego 
River has cut a gorge, forms a short stretch of the west boundary. 
This valley is not unlike the basins previously described, the only 
noteworthy difference being that, except where cut by the narrow 
gorge of San Diego River, it is completely inclosed by higl walls, 
and from this fact it derives its Spanish name, meaning "thg box." 
The length of the valley north and south is about 5 miles, and the 
average width east and west about 4 miles. A thin layer of alluvium 
covers the surface, but under this residuum or decomposed granite, 
in places extending to depths of 25 to 50 feet, has been encountered 
in a number of wells. At several places in this valley, however, 
wells passing through the alluvium, at the surface have entered a 
calcareous clay resembling marl, which along San Diego River west 
of Lakeside was found to be more than 200 feet thick. This naterial 
is believed to have been deposited in quiet waters that occupied 
El Cajon Valley before and during the time that the gravel and clay 
of Poway Mesa was being deposited. That El Cajon Valley was not 
deeply filled by Tertiary deposits and later excavated by erosion is 
indicated by the absence of any identifiable remnants of such deposits 
along the eastern and southern walls of the valley and on tho valley 
floor itself, and by the absence of any stream competent to remove so 
completely so large an amount of material. It is therefore concluded 
(1) that comparatively little sedimentation took place in th^ basin 
while it was submerged, and that Tertiary deposits along tl "> west 
side were distributed by shore currents, and (2) that the distribution 
over this valley of the deposits which form Poway Mesa as well as 
other high terraces was prevented by the headland formed by San 
Miguel Mountain and the islands offshore, comprising what r.re now



46 GROUND WATERS OF WESTERN SAN DIEGO COUNTY, CALIF.

Cowles Mountain, Black Mountain, Mount Whitney, and inter­ 
mediate peaks, which directed the shore currents along Iheir western 
sides.

When the land was elevated the bays were gradually drained, the 
water which occupied El Cajon Valley escaping througi the narrow 
passage now occupied by San Diego River; and the terraces on the 
west wall of the valley indicate the successive stages of uplift while 
the waves in the bay were washing against the steep wall of sediments.

Origin of the basins of the lower J>elt. All the highland basins thus 
far described, together with the rock surface underlying: the gravels 
of Poway Mesa form a belt which may be regarded as a structural 
unit. The gravels of Poway Mesa are evidently marine deposits, as 
is indicated by then* position and structure. At the time of their 
deposition tne underlying crystalline rock basement was' submerged. 
El Cajon Valley and Poway Valley were submerged at this time, 
together with the marls of marine origin underlying it, and by the 
marine deposit on the northwest side of Poway Valley; but no direct 
evidence that Escondido Valley and Fallbrook Plain wero submerged 
has been obtained. No evidence was discovered in this area indi­ 
cating that these basins might have been produced by marine erosion 
before the deposition of the gravels, but this present lack of evidence 
is not considered sufficient reason to abandon altogethe1" the theory 
of marine erosion, and further study of this problem is highly desir­ 
able. However, other features of the highland area afford evidence 
that this surface is a part of a more extensive base level, and .that it 
owes its present position relative to the adjacent highlands on the 
east to the earth movements which have characterized the geologic 
history of this region.

INTERMEDIATE BELT.

Approximately parallel to the belt of basins previously described 
and about 10 miles east of it there is a second belt of basins that show 
the same similarities in geology and topography that have been 
pointed out in regard to the western belt. This belt IP eludes Bear 
Valley and the broad area of low relief that extends 5 or 6 miles 
northward nearly to the Pauma grant, the south half of the Guejito 
grant, and Santa Maria Valley. The .basins in this b4t are from 
1,000 to 1,500 feet higher than those in the first belt, r,nd they are 
more definitely separated by deeply eroded canyons. Nevertheless, 
they correspond very closely in their physical features and were 
obviously connected previous to the development of the canyons 
which now separate them.

Bear VaUey. The area lying south of the Pauma grant and includ­ 
ing Bear Valley is an elevated table-land about 1,500 feM; above sea 
level, very irregular in outline but definitely bounded in every direc­ 
tion except the southeast by deep valleys and sharp peaks and ridges, 
whose summits correspond in elevation with the general level of this
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area. Alluvium and residuum underlie the surface except where 
small rocky hills rise above the general level. In the southern part 
of the area is a deposit of valley fill, the extent and thickness of which 
was riot ascertained, but it is neither so thick nor so extensive as the 
£01 in El Cajon Valley or in Escondido Valley.

From the eastern end of Bear Valley the land surface rises grr dually 
to the boundary of the Guejito grant, where it reaches a broad rolling 
table-land, 2,000 feet above sea level, that comprises about 7,000 
acres, and extends 8 miles southward to San Pasqual Valley. The 
physical features of this basin are essentially like those of tl e area 
previously described. It is bounded on the north by Roderick 
Mountain and Pine Mountain, which rise to elevations of about 3,800 
and 4,100 feet above sea level, respectively, but on the east and south 
it is bounded by deep valleys. On the west there is a broad area of 
very rugged topography but the summits of the peaks corresp ond in 
general elevation with this plain.

Santa Maria VaUey. Santa Maria Valley is separated from the 
Guejito basin by the canyon of Santa Ysabel River and San I -<squal 
Valley, which have been cut to a depth of about 1,000 feet below the 
level of Santa Maria Valley. The mean elevation of Santa Maria 
Valley is about 1,500 feet. Its surface is gently rolling and is formed 
by alluvium and decomposed granite, except along the course of 
Santa Maria Creek, which crosses about the middle of it, where sand 
and gravel of fluviatile origin occur. This basin is roughly circular 
in outline and is approximately 6 miles in diameter. It is bounded 
by broken country of high relief distinctly in contrast to the topog­ 
raphy of the valley itself, in which granite hills that rise to elevations 
500 to 1,000 feet higher than Santa Maria Valley are common.

Just east of this basin and separated from it by a narrow belt of 
rough country there is an area similar in character and nearly as 
large, which stands at an elevation of about 2,300 feet. This area 
includes Santa Teresa Valley. It is more indefinite in outline and' 
somewhat rough, but its surface is distinctly more even than that 
of the country surrounding it.

Other basiTis. In the southern part of the highland area th^re are 
a large number of smaller basins similar to those just described. 
Some of them are very definitely bounded by mountain walls; for 
example, Jamul Valley (elevation, 1,000 feet), whose sharp triangular 
shape is a striking feature, and Padre Barona Valley (elevation, 
1,500 feet), which, although closely surrounded by high peaks and at 
least 500 feet above the base-level of its small drainage system, has a 
floor so nearly flat that it is almost marshy in places. Other basins 
are irregular and more or less indefinite in outline and stand at eleva­ 
tions successively higher from the edge of the coastal belt eastward 
to the divide.



48 GROUND WATERS OF WESTERN SAN DIEGO COUNTY, CALIF.

HIGHER BELT.

East of Bear and Santa Teresa valleys is a third belt of character­ 
istic basins which includes Warners, San Felipe, Dodg-e, and Oak 
Grove valleys. Of this group only Warners Valley was studied in 
the field, but the topographic map shows that all correspond rather 
closely in elevation, and particularly that Warners Valley and San 
Felipe Valley are essentially the same in their topographic relations 
to their surroundings. The logs of a few wells in San Felipe Valley 
and some general information in regard to that area (p. 206) support 
the topographic evidence.

Warners Valley is nearly square and comprises abont 32 square 
miles. It is bounded on all sides by steep mountain walls that rise 
on the east, south, and west more than 1,000 feet, and on the north 
more than 3,000 feet above the valley floor. The valley floor com­ 
prises areas of rolling land, flat river floodplains, and a, small group 

. of low rocky buttes, called Monkey Hill, which lies a short distance 
from the southwestern side of the valley. Some granitic residuum 
occurs in the valley but most of the valley floor is formed by sediments 
that were deposited in an ancient lake. Shore features, beach ridges, 
deltas, and terraces, composed largely of gravel formed in this lake 
are preserved on all sides of the valley but are most definite on the 
northeastern, southeastern, and southwestern borders. The north­ 
eastern and southwestern edges of the valley coincide with fault 
lines, as shown by the California Earthquake Commission,1 and 
characteristic evidences of faulting are displayed along the south­ 
western edge. It seems probable also that the valley is bounded on 
the northwest and southeast by faults, and that it was produced by 
faulting.

ORIGIN OF HIGHLAND BASINS.

The correspondence in the elevations of the basins in. each of the 
three belts has been pointed out, and also the fact that the belts are 
successively higher from the coastal region eastward. There is, 
moreover, in all of the region lying east of the first belt of basins, a 
notable correspondence in elevation between the summits of most 
of the peaks in the broken areas and the basins. In fact, if, in the 
region east of Escondido and El Cajon valleys, all the canyons were 
filled up level with the basins of the highland belt th^re would be 
reconstructed an extensive rolling plain sloping gently toward the 
west. Along the eastern border of the area this plrin would be 
broken by a range of mountains, including Palomar, Volcan, and 
Cuyamaca peaks, but farther west the summits of most of the peaks 
and ridges would coincide with the plain, so that only widely separated 
buttes would rise considerably above the general level. On the west

1 Kept. California State Earthquake Commission, Andrew C. Lawson, chairman, 1917, Atlas, Map. No. I.
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this plain would be level with the summits of Monserate Mountain, 
the San Marcos and Merriam mountains, and with the heights all 
along the eastern borders of Escondido, Poway, and El Cajon valleys, 
but along the eastern edge of the first belt or lower basins it would 
suddenly end and the surface would fall in steep slopes 500 feet or 
more to the level of the Fallbrook, Escondido, and El Cajon basins.

These relations indicate that in an earlier geologic time a plain of 
this kind really existed here, that the present high, flat areas so 
widely distributed throughout the region are remnants of it, and that 
the present topography is due principally to stream erosion, which 
progressed gradually as the region was elevated from its original 
low position to its present altitude. But as a result of a certain 
amount of faulting that took place while the land was being raised 
some land masses were elevated more than others. Thus lalomar 
Mountain and Volcan Mountain and some of the other peal  ? were 
raised high above their surrounding regions! According to Nerrill 1 
(see p. 37) faulting and folding have probably been important 
factors in the development of the present,topography of th°, high­ 
land area. He states that this "is an anticlinal area including 
minor synclines. The various anticlinal and synclinal foJds are 
intersected by parallel faults at right angles to their axes and conse­ 
quently with northeast trend. These faults have cut the formation 
into blocks which pitch northwesterly." The differential elevation 
and tilting of fault blocks west of Smiths Mountain and Cuyamaca 
Mountain have not been so directly instrumental in producing the 
present topography as erosion has been; but indirectly b^ their 
effect on drainage, as suggested on page 37, they have probably 
been influential throughout the entire region. The presence of 
faults along the western edge of the highland area has not been 
established, but considering the general topographic and structural 
relations of the region as a whole and the present lack of definite 
indications of marine erosion in the basin areas, it seems extremely 
probable that the Fallbrook, Escondido, Poway, and El Cajon 
basins, and the rock basement of Poway Mesa, were originally parts 
of the extensive base level on the east, and if they were it is impossible 
reasonably to account for their present topographic relation to the 
highlands on the east except by the theory that, as a result of faulting 
or exceedingly sharp folding along their eastern borders, tte land 
surface on the east was raised nearly 1,500 feet higher than it was 
west of those borders.

The range of mountains along the western edge of the highland 
area, including Otay, San Miguel, Cowles, and Black mountains, was 
probably brought into relief primarily by erosion previous to the

i Merrill, F. J. H., Geology and mineral resources of San Diego and Imperial counties: California State 
Mln. Bur. Biennial Rept., 191S-14, p. 8,1914.

115536° 19 WSP 446  ±
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elevation of the land farther east and, like the ran^e including 
Cuyamaca and Laguna mountains, rose to a considerable height 
above the ancient base level, but it seems also to have been involved 
to some extent in differential crustal movements which may have 
included faulting, as is indicated by the fact that all the large streams 
cross this range through rock gorges floored with solid rock, whereas 
immediately east of the range these streams flow over debris-filled 
valleys whose rock bottoms lie much lower than the rock floors of 
their canyons through the felsite range.

GEOLOGY.

By A. J. ELLIS. 

GENERAL STATEMENT.

The area discussed in this report is divisible geologically into two 
provinces, one, comprising a region of crystalline -rocks that extends 
from the eastern boundary of the area westward to the coastal 
section, practically coextensive with the highland area, and the other 
a region of sedimentary rocks that lies between the region of crystal­ 
line rocks and the ocean and is practically coextensive with the 
San Diego coastal belt. The boundary between these two provinces 
is a sinuous line roughly parallel to the coast at an average distance 
of about 15 miles inland. Throughout most of its length, and 
especially in the southern part of the area, where the edge of the 
crystalline rocks is marked by a range of mountains, the boundary 
is sharply defined by the abutment of the flat-lying sediments 
against steep walls of igneous rocks; but in most places, particularly 
in the northern part of the area, the sedimentary rocks overlap on 
the crystallines in such a way that the establishment of a boundary 
line between the two is more or less arbitrary. There are a few out­ 
lying masses of crystalline rocks in the sedimentary area (PI. XIV, B), 
and scattered deposits of unaltered sediments occur in the crystal­ 
line area. Slates, quartzites, and schists of sedimentary origin are 
present in the crystalline area, but are so intimately associated with 
the granites and felsites that they are regarded as elements of the 
crystalline complex.

SEDIMENTARY FORMATIONS.

DISTRIBUTION AND CHARACTER.

The San Diego coastal belt has been the scene of deposition thorough 
a very long time. A drill hole near San Diego, which was begun prac­ 
tically at sea level, has penetrated sedimentary rocks to a depth of 
more than a mile, and more than a thousand feet of stratified deposits 
lie above sea level. On the east the sedimentaries overlap the
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crystalline rocks and become rapidly thinner until they disappear, 
but on the west they extend to an unknown depth. The formations 
consist of conglomerate, sandstones, shales, and limestones, but, 
owing to the close proximity to the highland area from which nearly 
all the material has been derived, coarse deposits are present ir large 
proportions and in the upper part of the section they are predomi­ 
nant. Borne of the fineap-grained beds contain fossils, most of them 
poorly preserved and difficult to identify, but fossils of Cretaceous, 
Tertiary, and Pleistocene age have been distinguished. The oldest 
or Cretaceous beds are exposed in only a few low places along the 
coast. The widely distributed terrace formations are of Tertiary 
age. The Pleistocene occurs as a thin veneer on the older rocks 
along the shore.

TABLE 1. Sedimentary formations in the San Diego area, Calif.

System.

Quaternary.

Tertiary.

Series.

Pleistocene.

Miocene.

Eocene.

Upper Cre-

Formation.

Valley fill...... ...............

Pala conglomerate (relation to 
San Pedro formation unde­ 
termined; may be contem­ 
poraneous with San Pedro 
or may be older).

Poway conglomerate (rela­ 
tion to San Diego formation 
undetermined; may be con­ 
temporaneous with San
Diego).

Material.

Coarse valley fill conglomerate.

marls, sandy shales, ana 
qonglomerates. 

Conglomerate, thin sand and
clay beds.

Sandstone, shale, and lime­ 
stone. Thin coal seams.

Thick- 
ress(feet).

0-100-200

0-50±
0-200+

0-50
0-500

0-1,000 

(?)

600-700

(?)

CRETACEOUS SYSTEM. 

CHICO FORMATION".

The lower parts of the sea cliffs at the south end of Point Loma 
expose beds of dark shales and sandstones from which Fairbanks 
obtained about 60 species of Cretaceous fossils, most of which are 
characteristic of the Chico formation of the Upper Cretaceous. The 
exposed thickness of these beds is estimated at about 50 feet, but 
the estimate may be only roughly approximate, for the Cretrceous 
beds do not differ markedly in appearance from the overlying Ter­ 
tiary, and the barrenness of many of the beds made it impossible 
accurately to determine the position of the contact. The Chico 
formation in this locality is overlain by Tertiary deposits that cor-
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respond in appearance much more closely with the later Tertiary or 
Miocene deposits back of San Diego than with the earlier Tertiary or 
Eocene deposits in the northern part of the area. Fossils indicating 
the age of beds in the upper part of this section could not be obtained, 
but there is little doubt that Eocene formations are entirely absent. 
About a mile north of the point, however, on the eaH side of the 
peninsula, the lower parts of the bluff expose sandstones which re­ 
semble the Eocene sandstones north of Los Penasquitos Canyon, 
and Eocene fossils have been found on the north end o* Point Loma, 
so that apparently the later Tertiary was deposited unconformably 
on the underlying formations. Cretaceous beds that are similar to 
those on Point Loma and that carry similar fossils are exposed in 
the sea cliffs at La Jolla, but from La Jolla the beds dip both north­ 
ward and southward and disappear within a short distance. Here 
also Cretaceous beds appear to be overlain by later Tertiary de­ 
posits, although Eocene beds are exposed in the cliffs a short distance 
north of La Jolla and at the mouth of Rose Canyon southeast of La 
Jolla. In both places the Cretaceous beds are exposed only in sea 
cliffs, and not at the surface, consequently in those places this forma­ 
tion is not shown on the geologic map (PL III, in pocket).

The area of Cretaceous rocks mapped as Chico formation in the 
northwest corner of the county was not surveyed in connection 
with the investigation here reported, but information furnished by 
R. T. Hill and E. S. Larsen, jr., indicates it as the probable extension 
of an area of Cretaceous rocks lying immediately nortl of this area;

TERTIARY SYSTEM. 

DISTRIBUTION.

Two divisions of the Tertiary which are distinguished by lithologic 
as well as paleontologic difference have been recognized in this area  
an earlier Tertiary, which is undoubtedly Eocene, and a later, which 
appears to be an inseparable assemblage of upper Miocene and Plio­ 
cene deposits. Both upper Miocene and Pliocene fossils have been 
obtained in the southern part of the area, but owing to the lack of 
continuity in the strata and to the barrenness of the beds in so many 
places, detailed correlation has not yet been possible, and no general 
stratigraphic distinction between Miocene and Pliocene has been 
made in this report.

As shown on the geologic map (PI. Ill, in pocket), the earlier Ter­ 
tiary or Eocene deposits appear at the surface from Los Penasquitos 
Canyon northward to Buena Vista Creek; the later Tertiary deposits 
are exposed from Las Penasquitos Canyon southward to the Mexican 
boundary and from Buena Vista Creek northward to the north 
boundary of the county.
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EOCENE SERIES.

The earlier Tertiary or Eocene beds appear at the surface between 
Los Penasquitos Canyon and Buena Vista Creek and underlie the 
later deposits from Los Penasquitos Canyon southward, being 
exposed at low levels in Soledad, San Clemente, and Rose canyons. 
Fossils, possibly of Eocene age, were collected near the top of the 
mesa east of Chula Vista, and although none but late Tertiary de­ 
posits have as yet been definitely recognized, detailed paleontologic 
studies may establish the presence at the surface of Eocene deposits 
south of Mission Valley.

The top of the Eocene is characterized by a white sandstone, which 
in some places east of Delmar and Encinitas is nearly ICO feet thick. 
This white sandstone is underlain by alternating layers of shale, sand­ 
stone, and limestone, all of which, in contrast with the later Tertiary 
deposits, appear to be quite uniform over considerable areas. In the 
upper part of the section limestone is rare and the sandstones and 
shales are generally very light colored, the shales being usually 
decidedly greenish; but in the lower part of'the section, as exposed 
along the shore line, the beds are somber colored, some of them, very 
dark, and thin layers of limestone are common.

The following section is exposed in the sea cliffs 2 miles north of 
Delmar and just north of the mouth of San Dieguito River. The 
beds are undulating, but near the southern end of the exposure they 
dip 5° N. 25° E.

Section % miles north of Delmar.
Pleistocene: Feet. 

Yellow and reddish, slightly indurated sand, containing Pleisto­ 
cene fossils.............................................. 40

Eocene:
Yellow to white sandstone.................................... 20
Shale; thin layers; greenish with rusty patches; contains a few 

fossil oysters.............................................. 8
Limestone composed chiefly of oyster shells.................. . f
Greenish-white sandstone.................................... 3. f
Limestone composed chiefly of oyster shells.................. 3
Greenish sandstone with a few thin (1 to 2 inch) streaks of fossil 

oysters.................................................. 4

Among the fossils collected from the uppermost of these beds, 
W. H. Dall identified six Pleistocene forms. (See p. 69.) The basal 
members of the section yielded numerous specimens which Mr. Dall 
labels Ostrea sp. undet.

The following section is exposed 1 mile south of Delmar at th^ east 
side of the road near the mouth and on the north side of Soledad 
Canyon. The beds dip 6° 30' N. 30° W.
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Sections of Eocene beds 1 mile south of Del-mar.
Feet.

(Top) Friable white sandstone..............................r... 10
Shale..........................................:....-.......... .6
Brown to white sandstone....................................... 3
Shale........................:...........-.........-..:......... .4
Brown to white sandstone....................................... 3
Shale.......................................................... .5
Varicolored sandstone red, yellow, and white................... 3
Greenish shale, somewhat sandy................................. 5

The following section is exposed 2 miles southeast of Delmar, on 
the east side of the railroad, at the mouth of Soledac1 Canyon. The 
beds dip 6° 30' N. 75° W.

Section 2 miles southeast of Delmar.
Feet.

Pleistocene: Silt, gravel, and pebbles, with Pleistocene fossils.
Eocene: Friable sandstone with pebbles; rough bedded........... 15
Eocene: Massive argillaceous sandy layer containing Ostrea s;?. undet. 
Greenish sandy shale.

A richly fossiliferous outcrop of shale, sand, and gravel appears on 
the west side of the county road in the south wall of San Clemente 
Canyon, 6 miles east of its junction with Rose Canyon. The fossils 
collected here were submitted to Mr. Dall, who identified them as 
Eocene, closely resembling in the general assembly the fauna of the 
Arago group at Coos Bay, Oreg., but the species are represented by 
very poor casts, not determinable. The following genera are all 
represented:

Conus. Acila. Angulus.
Nassa. Nucula. Solen.
Turritella. Glycymeris. Diplodcnta.
Trochita. Ostrea. Corbula,
Hipponix. Cardium. Terebratulina.
Modiolus. Tellina. Laquen1*
Anomia. Macoma.
Leda. Moerella.

In the cliff on the south side of the mouth of San Elijo Lagoon, 
3 miles south of Encinitas, the following section is exposed. The 
top bed dips 5° E., but the lower beds dip 4° 30' S.

Section of Eocene beds at mouth of San Elijo Lagoon,
Feet.

(Top) Yellow to white sand...................................... 30
Limestone composed of a mass of Eocene shells, a collection of which 

contained, as determined by Mr. Dall: Ostrea sp., Scala sp., Feraerv 
cardia, planicosta var. horni Gabb, Pitaria (?) sp., Tellina sp., Ceri- 
thium sp., Ampullina (?) sp., Tochita sp.....;...,..........-.... .8

Yellow sandstone................................................. 4
Sandy limestone containing numerous oysters and a few other fossils... .3
Coarse yellow sandstone with a few scattered oysters at the top..... 3
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A- well drilled about 5 miles northeast of Encinitas, in sec. 26, T. 
12 S., R. 4 W. (F 6, PL II), in search of oil, penetrated 2,126 feet 
of alternating beds of sandstone, shale, conglomerate, and limestone, 
as shown in the following well log. Eocene sandstones and shales 
immediately underlie the surface where this weU was driflec1 , but it 
is not possible to determine from the reported log the depth to which 
the Eocene rocks extend. The log as given represents som^ unfor­ 
tunately broad generalizations, as, for example, the first 700 feet of 
the section is reported merely as sandstone and shale, wl ^reas a 
detailed record would undoubtedly show a succession of distinct 
beds, but it is especially remarkable that at the depth of 700 
feet an 800-foot bed of conglomerate was encountered. I "obably 
this also represents a rough grouping of very distinct layers, and it is 
possible that the other members of the section should also be regarded 
as more or less general.

TABLE 2. Log of Clark oil well (F 6). 

[Authority, K. V. Phoenix. Surface elevation about 200 feet above sea level.]

Thick­ 
ness.

Feet. 
700
800
125

?Thin
35

(?)
100

Depth.

Feet. 
700

1,500
1,625

?Thin
(?)

1,750
1,850

Shale.........................

Thick­ 
ness.

Feet.  2o
35

105
, <T) 1

64(?) A

Depth.

Feet. 
1,875
1,910
2,015
2,016
2,080
2,081
2,126

NOTE. Work on this well was interrupted at the depth of 1,750 feet; when it was resumed the old boring 
was reamed out. Mr. Phoenix was employed on the second stage of the work and during tin subsequent 
drilling, and this log was furnished by him from memory.

The following incomplete log of the Balboa oil well was furnished 
by Mr. H. A. Whitney, of the San Diego Department of Wate:*:

TABLE 3. Log of Balboa oil well (K37). 

[Surface elevation, 15 feet above sealevel.]

Pleis'toasne (Talley fill): 
Quicksand, gravel, and

Eocene: 
Shale, stratified, blue and

Hard white shell lime

Hard shell [limestone?] ...

Shale (mixed strata) ...... 
Hard white shell lime

Thick­ 
ness.

Feet. 
80
6

154
25 

175
? 
?

175

25

Depth.

Feet. 
80

146

300
325 
500?
525

700

70 c

Eocene   Continued. 
Water sand, fine gray,

Sand, shale, boulders. ..... 
Sand, shell [limestone?]

Hard shell [limestone?]. . . .

B lack sand (sulphur water

Brown shale showing oil. ..

Thick­ 
ness.

Feet. 
175
100
226 

74
25 

625

30
2?0

37
63

100

Depth.

Feet.
Qfifl

1,000
1,226 

1,300
1,325 
i era)

1,080
2,210 
2,247
2,310
2,410
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A later record of this well is published by F. J. F". Merrill J as
follows:

TABLE 4.--Log of Balboa oil well (K37) (1913).

[Surface elevation, 15 leet above sea level.]

Pleistocene (valley fill):

Hard white shell lime .....

Hard blue lime.... .......

Blue-black limestone gas?"

Bo....................

Thick­ 
ness.

Feet.

80
66

10
15

150
10
15

175
25 

175
inn
226

74
25

885
37
63

100 
144

5
12
4

16

Depth.

Feet.

80
146

325
335
350
500
510
525
700
725 
900

I nnn
1,226
1,300
1,325

2,210
2,247
2,310
2,410 
2,554
2,559

2,575
2,591

Eocene   Continued.

Shell......................
Shale.....................

Do....................

Alternating shale and

Light - blue lime mixed

Hard black slate and lime.

Thick­ 
ness.

Feet. 
15
12
4

15
9
4

22
2
4

16
3

18
145

2
16
16
26
22

5
3

28
7

10
5

Depth.

 Fee*. 
2,606
2,618
2,622
2,637
2,646
2,650
2,672
2,674
2,678
2,694
2,697

2,715
2,860
2,862
2,878
2,894
2,820
2,942

2,947
, 2,950 

2,978
2,985
2,995
3,000

a New company began operations here.

The first 146 feet of the above log represents Quaternary valley 
fill. The underlying formations are no doubt Eocene but the depth 
to which the rocks of this age extend can not be ascertained from 
the log. It is probable that Cretaceous beds are reacted at a depth 
less than 1,000 feet.

As compared with the later deposits, the Eocene beds in this area 
appear to have been laid down in comparatively dee^ water. The 
bedding is uniform and persistent, and the segregation of coarse and 
fine materials is thorough. Coarse deposits, such as conglomerate, 
are notably absent in the exposed section, and so far as known none 
of the deep wells north of San Diego, except the Clarlr oil well, have 
encountered conglomerates below sea level.

Beds belonging to -the upper part of the Eocene can be recognized 
in the logs of wells south of Mission Valley, where they underlie later 
Tertiary deposits, but the base of the Eocene has not b^en recognized 
in these logs.

The thickness of the Eocene in the vicinity of San Diego and La 
Jolla is stated by Dickerson 2 to be 600 to 700 feet, and paleontologic 
studies of the strata have enabled him to conclude that

1 Merrill, F. J. H., Geology and mineral resources of San Diego and Imperial counties: California State 
Min. Bur. Eepts., 1913-14,1914.

* Dickerson, B. E., Stratigraphy and fauna of the Tejon Eocene of California: California Univ. Dept. 
Geology Bull, vol. 9, No. 17, p. 437, May 2,1916.
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(1) The Tejon Eocene strata of San Diego County have yielded a faux a of over 
90 forms, many of which are common species in the Tejon of Canada de las thrss. 
(2) The same faunal stage is present in both localities that is the Rimel?* simplex 
zone. (3) Orogenic movements in post-Eocene time have been far less vigorous in 
the vicinity of San Diego than in central California, although equivalent stnta occur 
in both places.1

MIOCENE AND PLIOCENE SEBJES. 

SAN ONOFRE BRECCIA.

Most of the rocks of later Tertiary age north of Buena Vista Creek 
are essentially like those in the southern part of the area as described 
under San Diego formation (p. 58). The rocks forming the San 
Onofre Hills, however, are entirely different from any other Tertiary 
rocks in the area, for they consist of very coarse breccias or agglom­ 
erates, made up almost entirely of angular boulders and slabs of 
garnetiferous glaucophane schists and other schistose rock frag­ 
ments. So far as known, none of the materials composing the mass 
were derived from rocks within the area, but rocks of this character 
occur in place in some of the islands off the coast, and it t%s been 
suggested that probably the material now exposed in the Sar Onofre 
Hills was derived from the west. These rocks are considered to be of 
early Miocene age and are older than the Tertiary formation which 
surround them. Fan-banks 2 describes their relation to the adjacent 
later formations as follows:

The Tertiary beds north of the Santa Margarita Creek are very different in outline 
from those south. Instead of their extending in a gradual slope from the older moun­ 
tains to the ocean, there arises in them, near their western border, a range of moun­ 
tains, known as the San Onofre Mountains. These extend parallel to the ocean at 
an average distance of 2 miles. They rise north of the Santa Margarita Creek and 
extend to the San Onofre Creek. They have a gradual slope on the west, rising to 
an elevation of 1,400 feet, but are quite abrupt on the east. Los Mores C"^ek cuts 
through the southern end of this range, showing that while the soft, clayey randstones 
between it and the Santa Margarita Mountains slope only 5° to 10° soutl "west, the 
rocks of the range itself dip west at an angle of 35° to 40°. The formation is a breccia, 
the fragments of which are argillitic, micaceous, and hornblendic schists. Some of 
these fragments are of great size, one boulder of hornblende schist being 8 feet in 
diameter. Pebbles of white quartz and other hard metamorphics -are als^ present. 
The soft, coarse sandstone in which the fragments are imbedded show no traces of 
any granitic matter. The range was ascended 2 miles north of the Los Mores ranch 
house and found to consist entirely of fragmental schists, such as those nrentioned, 
dipping southwest at an angle of 45°. The mountains were also climbed at their 
northern end, near San Onofre Creek. Here there is a very abrupt escarpment on 
the eastern side. The strata dip toward the ocean at a high angle, while th<3 irregular 
hills and ridges of soft light-colored sandstone lying east toward the Santa Margarita 
Mountains are nearly level. After a careful study of the range the conclusion was 
reached that its origin was due to a great fault, represented by the very abrupt eastern 
slope, tilting the elevated portion to the west at a high angle. I believe that this 
fault took place after the deposition of the Tertiary strata. As far as my observation

»Dickerson, R. E., op. cit.,p. 440.
2 Fairbanks, n. W., Geology of San Diego County; also of portions of Orange and San Beranrdino coun­ 

ties: California State Min. Bur. Eleventh Ann. Kept., p. 98,1893.
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went the Tertiary beds on the east do not rise to meet the San Onofr? range, as they 
would to a certain extent if it were present when they were deposited; on the contrary, 
they dip toward it.

SAN DIEGO FORMATION.

In the south wall of Los Penasquitos Canyon the Eocine rocks are 
overlain by a thin bed of conglomerate that increases in thickness 
southward, becoming separated from the Eocene by increasingly 
numerous lenses of sandstone and sandy shale until in Mission Valley 
the Eocene is overlain by more than 400 feet of these later Tertiary 
deposits. The stratigraphy of these later deposits is exceedingly 
complex. The beds are discontinuous and are generally very limited 
in extent, so that even in the small canyons it is commonly impossible 
to correlate the beds exposed in opposite walls. In many places there 
is exhibited an extremely intimate interbedding of coarse and fine 
material, thin layers of clay or shale separating thick layers of coarse 
conglomerate, and short layers of limestone only a few inches thick 
occurring within, coarse sandstone.

As shown by the accompanying sections (pp. 61-69) th<? lithology of 
the later Tertiary deposits in this area presents most pronounced 
variations, both horizontally and vertically. The lithologic units 
commonly extend over small areas and either end abruptly with 
entirely different deposits, such as shale and conglomerate, in juxta­ 
position, as if the one had been laid down in a trough cut in the 
other, or they change gradually by giving way to increasing admix­ 
tures of other material until they appear as entirely different deposits, 
or they gradually diminish in thickness until they disappear. Some 
interesting sections were exposed just east of San Diego by excava­ 
tions for the extension of city streets, in which cross sections of sand- 
filled channels in clay were very distinctly shown. Some beds are 
more extensive than others, and a few deposits of conglomerate cover 
comparatively large areas, but on the whole the discontinuity of 
beds is an outstanding characteristic of these deposits.

The beds are in general less indurated than the underlying Eocene 
beds. Excepting the very rare limestone lenses or cororetions, the 
firmest beds are conglomerates, but these owe their firmness largely 
to the clay that fills the spaces between pebbles and boulders and 
serves as an effective cement. Wells have been dug by hand to 
depths of nearly a hundred feet without encountering rocks hard 
enough to require blasting.

Marl and calcareous material of a chalky appearance are common 
in the deposits. In some places, as, for example, in tH vicinity of 
La Mesa, beds of marl several feet thick occur, but this material 
appears most commonly as friable lumps and disseminated particles 
in clay beds. A typical example is exhibited in an exposure along 
the road extending from the end of Sixth Street, Sfl-n, Diego, to
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Mission Valley (see section of San Diego formation, p. 62), and a 
deposit almost identical with this is exposed in the sou*k wall of 
San Luis Rey River about 1| miles east of Oceanside. In both these 
exposures white lime is present in sufficient amounts to give the beds 
a pronounced gray color.

The sandy marls which are exposed around Mission Bay and in 
Mission Valley and that underlie the conglomerates east of San Diego 
have been referred to in the literature * as the San D'<3go beds. 
Fossils collected from these beds have been classified as Pliocene.

In the following quotation C. R. Orcutt 2 has assembled the data 
in regard to fossil collections obtained from these deposits in a well 
boring in the city of San Diego.

In the early days of the present city of San Diego, Calif., a well was surk to a depth 
of 160 feet, at the corner of Ash and Eleventh streets, which for a time formed the 
source of the water-supply of the then small town. The depth reachec1 was not far 
from the present sea level, and it may be well to add that the well is sit-rated at the 
mouth of one of the small canyons, opening out upon the lower mesa, upon which 
is built the business portion of our city to-day.

Mr. Henry Hemphill, the indefatigable student and collector of .otir west coast 
Mollusca, was then, as now, a resident of San Diego, and present to examine the 
debris as it was brought up from the well. At the depth of about 90 fe^t a stratum 
of indurated sandstone was passed through, in which was found casts of various shells, 
together with a few well-preserved fossil shells.

At a greater depth, from 140 to 160 feet, came a rich variety of well-preserved shells, 
imbedded in a usually rather soft matrix,composed of loosely aggregated f^ains of sand 
or fine sandy mud, occasionally hardened by infiltration of lime-bearing water.

The following is a list of the species obtained from this well by Mr. Hemphill, as 
they were identified and published in the Proceedings of the California Academy of 
Sciences, vol. 5, pp. 296-299, 1874, by Wm.-H. Dall:

Glottidia albida Hinds. 
Xylotryasp. indet. (tubes only). 
Cryptomya californica Conrad. 
Dentalium hexagonum Sowerby.

semipolitum Broderip and Sowerby. 
Solen rosaceus Carpenter. 
Solecurtus californianus Conrad. 
Myurella simplex Carpenter. 
Macoma expansa Carpenter. 
Callista sp. indet. (smooth, thin, and in­ 

flated; much like C. newcombiana). 
Cardium centifilosum Carpenter. 
Venericardia borealis Conrad. 
Lucina nuttallii Conrad.

borealis Linn£.
tenuisculpta Carpenter. 

Cryptodon flexuosus Montague. 
Modiola recta Conrad.

Area microdonta Conrad.
Nucula n. sp. Carpenter (like N. tenuis).
Acila lyalli Baird (frequently reported as

A. castrensis Hinds). 
Leda caelata Hinds. 
Pecten hastatus Sowerby. 
Amusium caurinum Gould, 
Janira florida Hinds. 
Ostrea conchaphila Carpenter. 
Placunanomia macroschisma Deshayes. 
Tornatina eximia Baird. 
Cylichna cylindracea-Linn£. 
Siphonodentalium pusQlum? Gabb. 
Calliostoma annulatum Mart;Ti. 
Galerus filosus Gabb. 
Crepidula navicelloides Nuttall.

princeps Conrad (not 0. grandis of 
Middendorf).

1 Dall, W, EL, A table of the North American Tertiary horizons, correlated with one another and with 
those o/western Europe, with annotations; U. s. Geol. Survey Eighteenth Ann. Kept., p*.. 2, p. 337,1898. 

a West American Scientist, vol. 6, No. 46, p. 84, August, 1889.
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Turritella jewettii Carpenter. 
Bittium asperum Carpenter. 
Drillia sp. indet.

sp. indet.
sp. indet.
sp. indet.

Surcula carpenteriana Gabb. 
Mangilia variegata Carpenter.

sp. indet.
sp. indet.
sp. indet.
sp. indet.

Clathurella conradiana Gabb. 
Odostomia straminea Carpenter.

sp. indet.
Turbonilla torquata Carpenter. 
Eulima rutila Carpenter. 
Scalaria subcoronata Carpenter.

Cancellaria sp. indet.
sp. indet.
sp. indet.
sp. indet.

Neverita reclusiana Petit. 
Sigaretus debilis Gould. 
Ranella mathewsonii Gabb. 
Olivella boetica Carpenter. 
Nassa fossata Gould. 

* mendica Gould. 
Astyris tuberosa Carpenter.

sp. indet.
Ocinebra lurida Carpenter. 
Pteronotus festivus Hinds. 
Trophon orpheus Gould. 
Fusus (Colus) dupetit-thouarsi? Kiener. 
Chrysodomus diegoensis Ball, n. sp.

n. sp. (top imperfect to describe).

The following additions to the list of species from this well were reported by Dall. J

Turritella cooperi Carpenter. 
Turbonilla stylina Carpenter.

Venericardia monilicosta Gabb. 
Janira dentata Sowerby. 
Cylichna alba Brown.

Other additions to the list are incorporated by Ball 2 in substantially the same 
list as was published in the Proceedings of the California Academy of Sciences, which 
I note as follows:

Mamma nana Holler. 
Cadulus fusiformis. 
Pecten expansus Ball.

dementia subdiaphana Carpenter. 
Lucina acutilineata Conrad. 
Nucula exigua Sowerby. 
Volutopsis sp. indet.

The stratum from which these fossils came is probably at least 70 feet in thickness 
in places, and the bed is of wide extent, as is shown by the fossils wl ich have been 
found in nearly every well that has been sunk in San Diego.

The beds described by Orcu-tt are near the base of the later Tertiary 
section. They are best developed in the immediate environs of'.the 
city of San Diego, but they have been recognized by the^r lithologic 
character as far south as Otay and in the northern part of the area in 
the vicinity of Oceanside. They seem to be integral parts of a single 
formation and chronologically inseparable from the other lenticular 
strata with which they are interbedded. On this grourd it is pro­ 
posed to include all the later Tertiary marine deposits in this area 
under the name San Diego formation.

South of Otay Valley the San Diego formation is probably more 
than 500 feet thick, but between Otay River and Los Penasquitos 
River it is in most places less than 500 feet thick. T>e principal 
lithologic characteristics which distinguish this formation from the 
underlying Eocene are (1) lenticular bedding and deltoic1 structures; 
(2) lower degree of induration; (3) absence of limes tore beds, but

» Ball, W. H-, U. S. Nat. Mus. Proe., vol. 1, pp. 10-16. 
2 Idem, pp. 26-30.
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large amounts of calcuim carbonate disseminated through the fine­ 
grained deposit; (4) presence of large quantities of coarse material 
as thick beds of conglomerate, as beds of coarse gravel, and as mix­ 
tures of sand, gravel, and clay; (5) predominance of sandstones and 
coarser materials over clay.

The San Diego formation is essentially a shallow-water deposit, as 
is indicated by its deltoid structure and by the presence of fossil 
mud cracks. Most of the materials of which it is formed were 
derived from the highland area on the east, some of them being 
transported only short distances and others being brought from com­ 
paratively remote sources. The conglomerates are made up of well- 
rounded pebbles, some of which are derived from rocks that have not 
been found in place in San Diego County; and the presence of the 
large fluviatite deposits east of Foster suggests that some, I Tit prob­ 
ably only a small part, of this material may have been transported 
from sources entirely outside the San Diego area.

The following well log shows the character of the strata on the 
north end of Point Loma, but no fossil evidence of the age of the suc­ 
cessive beds was .preserved. The surface deposits belong to the San 
Diego formation and the lowest beds may be Cretaceous.

TABLE 5. Log of well on pueblo lot 146, Point Loma, San Diego County, Calif.

[Begun Aug. 18, 1900; completed Mar. 18, 1901. Authority, Katherine Tingley, owner. Elevation of 
mouth of well, 255.88 feet above high tide.]

San Diego formation:

' * H&r duan

Sandy shale and dry sand .

Eocene:

Coal......................
"Ore"...................

Thick­ 
ness.

Feet. 
3 
5 

22 
10 
20 
40 

6

84 
2 
8 
2 

' 58 
1 
1 
3

Depth. ,

Feet. 
3

&  40 

60 
100 
106

190 
192 
200 
202 
260 
261 
262 
265

Eocene   Continued. 
Water-bearing sand, good

Whitequart^^ 
Blue granitej $££fm'

Alternate shale and sand . .

Water-bearing gravel and

Shale, gravel,- and clay... .

Thicl-
ness.

Feet.,

6 
27 

2 
20

1 *
27 
10 
10 
2 

10

2 
10

Depth,

Feet.

271
298 
300 
320
321 
323
350 
330 
370 
372 
388

330 
400

Diameter of well, 6 inches, 0 to 40 feet; 5 inches, 40 to 400 feet. Water level, 253 
feet below surface, or 2.88 feet above high tide. Estimated yield, 35,000 gallons daily 
if all water-bearing strata are used. 1

i U. S. Geol. Survey Bull. 264, p. 79,1905.
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A well which was being drilled for Mr. L. K. Lanier, in South Las 
Choyas Valley, about 4 miles east of San Diego, penetrated the
following beds:

TABLE 6. Log of L. K. Lanier's well (05). 
[Furnished by Wilkes James, driller. Surface elevation about 175 feet above sea level.]

San Diego formation:

Very toe dark-colored sand containing a large admixture oi flue black mica;

Thick­ 
ness.

Feet. 
210

150

Depth.

Feet. 
210

360

W. H. Dall examined a collection of fossils obtained from the lower 
member of this section and classified as upper Miocene or probably 
Pliocene, the following forms:
Cancellaria sp.
Olivella pedroana Conrad.
Tritonalia sp.
Nassacf. N. mendica Gould.
Thais cf. T. lamellosa var.
Neverita cf. N. recluziana.
Dentalium sp. nov.
Leda cf. L. area trilineata Conrad.

Pecten. 2 sp. indet. 
Phacoides 2 sp. 
Tellina ? sp. 
Dosinia ponderosa. 
Chione sp.? 
Spisula sp. 
Cardium sp. 
Corbula sp.

Feet.

20

The following section is exposed in the south wall of Mission Valley 
2 miles east of North San Diego.

Section of San Diego formation.

(At top, elevation, 250 feet above sea level) fine to medium-grained 
sand, containing poorly preserved casts of shells...............

Conglomerate..................................................
Coarse sand, containing garnet grains and small flakes of black 

mica, generally white to brown but locally greenish, with irreg­ 
ular streaks and masses of marl. At the bottom the sand is 
locally thin bedded and dark colored. This member closely 
resembles the dark sand penetrated by Larder's well (O 5) at thi 
depth of 210 feet, and by the Y. M. 0. A. well in San Diego (O 1) 
at the depth of 145 feet. It is presumably the same bed as that 
which yielded the fossils described on page 59 ..:............. 170+

Robert Dick's well, just northwest of Hollywood, penetrated the 
San Diego formation to the depth of 203 feet, encountering alter­ 
nating beds of clay and conglomerate as follows:

TABLE 7. Log of Robert Dick's well (0 7). 
[Furnished by Wilkes James, driller. Surface elevation about 250 feet above sea level.]

,

San Diego formation:

Clay.....................

Clay......................

114feet. ................

Thick­ 
ness.

Feet. 
40

9
7

31

OK

Depth.

Feet. 
40
43
52
59
90

San Diego formation  Contd.

Thick­ 
ness.

Feet. 
11
on

9
12
8
9

Depth.

Feet. 
136
165
174
186
194
203
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A well drilled at Angelus Heights to the depth, of 375 feet 'pene­ 
trated the following beds:

TABLE 8. Log of the Angelus Heights well (0 8). 
[Authority, Wilkes James, driller. Surface elevation about 400 feet above sea level.]

San Diego formation: 
Top, hard yellow clay ....

Clay and conglomerate

Sand and gravel yielding 
water...................

Thick­ 
ness.

Feet. 
25

50

2

Depth.

Feet. 
25

75

91 P\

217

San Diego formation   Contd. 
Clay and conglomerate. . .

Sand yielding salty water.

.

Thick­ 
ness.

Feet. 
93 

(?)
(?)

5

Depth.

Feet. 
310 

(?)
370
375

About 3| miles east of Chula Vista and 1J miles southeast of 
Bonita the north wall of a small canyon, locally known as Fossil 
Canyon,, exhibits a section of alternating lenticular deposits of sand 
and sandy clay containing large masses of concretionary lime­ 
stone and lenticular beds of impure limestone. A collection of fossils,' 
which were obtained principally from the limestones which are in 
place at an elevation of about 300 feet above sea level, are considered 
by W. H. Dall to be of upper Miocene age. The following forms 
were identified:

Pecten cf. P. diegensis Dall. 
Mactra albaria Conrad. 
Thracia n. sp. 
Venerid genus undet.

Cetacean bone. 
Cancellaria sp. 
Fasinus sp. 
Turritella sp.

Two miles east of Chula Vista a tributary to the Sweetwater has 
cut a deep canyon in the mesa-formations. Conglomerates are less 
in evidence in the exposures here than north of Sweetwater River. 
About 2 miles east of Chula Vista and \\ miles south of Bonitr., near 
the top of the south wall of the canyon, the following section is
exposed:"

Section of San D'iego formation 2 miles east of Chula Vista.
Fe^t.

(Top, elevation about 200 feet above sea level) loose gravel and 
clay....................................................... 3-1-

Coarse impure sandstone, somewhat calcareous, containing fossil 
mud cracks, some of which are 16 inches deep.,.............. 3

Calcareous sandstone containing a few fossils................... 40

A collection of fossils from the lowest member was submitted to 
Mr. Dall, who describes it as Eocene (?), like the collection obtained 
in San Clemente Canyon. (See p. 54.) The following genera are 
represented:
Ostrea. Psammacema.
CMone. Sanguinolaria.
Phacoides. Siliqua.

Mr. Dall has indicated some doubt as to the age of these fossils 
and it is quite possible, considering the close proximity of up|>er
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Miocene beds, 3J miles east of Chula Vista and 1J mileB southeast of 
Bonita (p. 63), that they may be younger than Eoc^iie. If they 
are Eocene there is practically an entire absence of the San Diego 
formation at this locality, and the contact between the Eocene and 
the San Diego is shown to be irregular, the top of the Eocene being 
more than 300 feet higher here than it is in the vicinity of San Diego, 
where, according to notes published in the West American Scientist * 
the later Tertiary deposits here designated San Diego formation 
extend at least to the depth of 110 feet below sea level. The following 
note relates to a well boring made on Coronado Island in 1886:

In boring for artesian water a stratum of sand was found containing numerous fossil 
shells of the later Tertiaries. The more prevalent species were Phisi/aTiella compta, 
Ostrea lurida, and An&mia lampe, in the order named. The stratuir was found at a 
depth of nearly 70 feet.

These species, according to W. A. English, belong to the lower 
Pliocene.

The following note appears in the issue of the West American 
Scientist for July, 1890 (p. 24).

When the Coronado Beach Co. was boring an artesian well on Coronado Beach, 
San Diego, in 1886, a fossil tooth was found at a depth of 110 feet whi^h was presented 
byH. L. Story to Mrs. R. S. Eigenmann. This has been examined by Prof. E. D. Cope, 
editor of the American Naturalist, who identifies it as a left upper molar of an extinct 
species of horse, Equus excelsus.

According to J. W. Gidley, of the National Museum, the evidence 
of one tooth is hardly sufficient to distinguish between Equus excelsus 
and Equus occidentaMs, but either of these species may occur in the 
Pliocene.

The following well logs, particularly the logs of the Chula Vista 
Oil Co.'s borings, which, as shown on Plate II, are close together, 
illustrate the variable character of the deposits in this part of the area.

TABLE 9. /x>0 of test well No. 1, Chula Vista Oil Co. (0 SS). " 

[Completed 1901. Surface elevation about 150 feet above sea level. Authority, Ml-' M.J.Herman.]

San Diego formation:

Shale.....................

Shell.....................

Shell.....................

Thick­ 
ness.

Feet. 
120
15
16
2

22'
45
30

(?)
(?) 4

56

37

Depth.

Feet. 
120
135
151
ICO

175
220
OKft

(?)
97n

274
330

Eocene  Continued . 
Shell.....................

Shell.....................

Clay......................

Clay......................

Clay......................
Shell.....................

"Thick­ 
ness.

Feet. 
1

83
5

23
13

1
11
12
28
8
9
1
8

Depth.

Feet. 
371
454

yjRA

587
600
601
612
624

660
6C9
670
678

West American Scientist, vol. 2, No. 15, p. 32, April, 1SS6,
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TABLE 10. Log of test well No. 2, Chula Vista Oil Co. (0 24}. 

[Completed 1901. Surface elevation about 150 feet above sea level. Authority, Mrs. M. J. Hirman.J

San Diego formation:

Eocene:

Shell.....................

Shell.....................

Shell. ................ ....

Shell. ....................

Shell.....................

Thick­ 
ness.

Feet. 
116

14

13
1

18
1

33
2

42
15
2

30
2

Depth.

Feet. 
116
IQft

143
144
1fi9

163
196
198
240
255
257
287

, 289

Eocene   Continued.

Shell.....................
Clay......................
Shell.....................

Shell.....................

Clay......................
Shell.....................
Clay......................

Thick­ 
ness.

Feet. 
23

1
8
3
4
1

20
44

4
9
5

57
2

Depth.

Feet. 
312
01 q*

321
OO-i

423
JOQ

449
iQI
dQ7

506
511
568
coo

TABLE 11. Log of test well No. 3, Chula Vista Oil Co. (0 26}. 

[Completed 1932. Surface elevation about 150 feet above sea level. Authority, Mrs. M. J. Herman.]

San Diego formation:

Clay......................

Clay......................

flair

Thick­ 
ness.

Feet. 
12
10
22
u
12
30
30

5
35

Depth.

Feet. 
12
22
44
QQ

110
140
170
175
210

Eocene: 
Clay......................
Sand.....................
P1 117

Clay......................

Thick­ 
ness.

Feet. . 
70
30
90

18
30

3
173

19
1 f*

Depth.

Feet 
280°.in
Af)f\

420
AKV

626
645
660

TABLE 12. Log of test well No. 4, Chula Vista Oil Co. (0 27}. 

[Completed in 1902. Surface elevation about 135 feet above sea level. Authority, Mrs. M. J. Herman.]

San Diego formation:

Clay......................

Clay......................

Clay......................
Shell.....................

Thick­ 
ness.

Feet. 
12
9

20
54
19
32
12

7
91

7

Depth.

Feet. 
12
21
41
95

114
146
158

165
186

Eocene   Continued . 
Clay....... ...............

Clay......................

Shell.....................

Thick- 
ness.

Feet. 
78
33
86
11

31
2

63
3

IfU

24

Depth.

Feet. 
271
304
390
401
416
M7
ddQ
512
515
619
A43

115536° 19 WSP 446  5
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TABLE 13. Log of the Chula Vista oil well (0 25). 

[Surface.elevation about 150 feet above sea level. Authority, Mrs. M. J. Herman.]

San Diego formation: 
Surface sand and clay . . . . .

Clay..... .................

Black water sand. ........
Blue clay and sand. . .....

Blue clay and sand .......

Blue clay and sand .......
Shell. ....................
Sand.....................

Hard shall.. ..............
Blue clay and sand. ......

White sand.. .............

Sand.....................

Clay......................

Clay......................
Clay and sand... .........

White sand. ....... .......

White sand. ..............
Light clay.... ............

Light clay and sand ......

Thick­ 
ness.

Feet. 
55.6
25
38.8
16.6
5

18
32

9
16
8
4

25
87
12

7
67

5
12
38
3

92.2
25
92.4
8.4

26
3
g

12.5
CO 1

8.2
4

10

9

16.2
1
3.6
i i
1
?
?
?
?
8

10

10
32

?
?

Depth.

Feet. 
55.6

CA ft

19Q A.

146
151

IRQ

201
210
226
234
ooo

263
350
OftO

QflQ

436
441
AKQ

491
4.Q4.

586.2
611.2
703.6
712
TOO

761
764
776.5
828.6

840 8
853.8
862.8
870.8
883.8
900

904.6
908

?
?

QOC

?
940
Q4.S

958

968
1.000

?
1,030

Eocene   Continued .

Dark clay and sand shale.

Thick­ 
ness.

Feet. 
30
10

20
24
5
?

?
1

40

19

40
?
?
5

OK

00.

17
?
?
5

99

?
?
?
?
?
?
?
?

97
«K>

4
28

11

?
?
?
6

17

100 
2
9
4

35

Depth.

Feet.

1,070

1 1 tn
1,155

?

1,174
1,175
1 911?

1,216
1 OOQ

1 236
I OTA

?

1 OQC

1,300
1,325
1 348
1,365

?
1 isn
1,385
1 407
' ?

1 440
' ?

1 457
' ?

1 4firt

1,475
1,562
1,590
1 594
i!e22
1,625
1,636
1,638

?
?

1,657
1,663
1,680
1,682
1,762 
1 764
1*77^1

i 777
1 filO

Casing log of the Chula Vista oil well (0 25).

Diameter.

Inches.
16
14
12
7 5A
5 5/8
ty*
3 8̂«

Depth cased.

Feet,
0-270

130-385
0-1, 115
0-1,346
0-1,485
0-1, 670
0-1, 760

o Stovepipe lining.
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TABLE U. Log of the Lo Tengo Oil Co.'s well (0 

[Surface elevation, 375 feet above sea level.]

San Diego formation:

Sand and shale ...........

Soft sand and blue shale. .

Blue clay
Gray sand shell, gray sand

Water....................

shell....................
Brown shale and shells . . .

Thick­ 
ness.

Feet. 
20
20

200
70

10
37
43
45
50 
35
42

?
?

35 
25

?
?

25
50

?
?

?
?

70

Depth.

feet. 
20
40

240
01 ft

320
357
400
445
495 
530
572

?
605
640
665

?
720
745
70S

?
860

?
1,365 
1,435

Eocene  Continued.

Hard calcareous rock .....

Conglomerate and sand. . .

Oil.. .....................

Hard, calcareous rock,

Thick­ 
ness:

Feet. 
15
37
15
38
on
50
38

?
?

185
472 
40

127
18

200
32 
16
17
?
?
?
?
?

50
?

?

Depth.

Feet. 
1,450
1,487
1,502
1,540
1,630
1,680
1,718

?
1,758
1,943
2,415 
2,455
2,582
2,600
2,800
2,832
2,848
2,865

?
2,965

?
2,985
3,035

?

3,400

TABLE 15. Log of the Tia Juana oil well (0 63). 

[Authority, Capt. J. F. Scott. Surface elevation, about 85 feet above sea level.]

San Diego formation:

Water sand.. .............

Quicksand with mica. .... 
Eocene:

Shale and sand alternat-

Shale with trace of oil _ .

Thick­ 
ness.

Feet. 
80
2

500 

?

?
4

Qfi

Depth.

Feet. 
80
82

582 

582-

800
804 
900

Eocene   Continued.

Alternating hard and soft 
sand and blue clay......

Sandstone with water & ...

Sands and black shales,

Thick- 
ness.

feet. 
100

8

92 
1 

249
12

43

Depth.

Feet. 
1,000
1,008

1,100 
1,101 
1,350
1,362

1,405

a From a depth of 800 feet the sand bucket brought to the surface a specimen ofSpicttla sp.? (crushed) 
Miocene?

b Waterencountered at 1,125 feet below surface; rose nearly to surface but leaked into higher formations; 
water of excellent quality.

POWAY CONGLOMERATE.

The rocks forming Poway Mesa are chiefly conglomerates, but 
lenses of cross-bedded sand and thin layers of marly clay are exposed 
in some of the canyon walls. Large deposits of similar materials 
occur in a narrow belt that extends from Poway Mesa eastward to 
Witch Creek, as shown on Plate III. They are also well exposed 
near the town of Poway and form the south wall of Poway Valley. 
The maximum thickness of the conglomerates west of Foster is about 
1,000 feet. Two hypotheses have been advanced to account for the 
occurrence of these deposits. According to one of them, an arm of
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the sea extended from Foster eastward, in which coarse detritus from 
the surrounding land mass accumulated; the other, proposed by 
Fairbanks (see p. 40), suggests a fluviatile origin of the deposits. 

The following well log exhibits a section of Poway Mesa.

TABLE 16. Log of the Beaver oil well (K 22}. 

[Authority, F, C. Tower. Surface elevation, 975 feet above sea le^el.]

Poway conglomerate:

Crystalline comple x :

Thick­ 
ness.

Feet. 
875

175

Depth.

Feet.
875

1,050

NOTE. Encountered water at 525 feet below surface which rose 100 foot in the casing. Said to be "soda 
water" and strongly mineralized.

No fossils were found in this formation, and its contact with the 
marine San Diego formation does not afford a definite interpretation 
of its relative age. But the materials of which it is composed, being 
practically the same as the coarser phases of the San Diego forma­ 
tion, suggest an age corresponding hi a general way with that forma­ 
tion. Probably it is somewhat older than the upper p^rt of the San 
Diego, since it is at a much higher elevation and must have emerged 
before the San Diego was raised above the sea, but it may correspond 
in age with the lower part of that formation.

LATE TERTIARY BEACH DEPOSITS.

The surface of Linda Vista Mesa is crossed by narrow bands of 
sandstone that represent ancient beach ridges. In most places the 
sandstone is brick-red, but it is locally mottled red and yellow, and 
near Mission Valley is gray. The texture of the rock is variable, 
ranging from very coarse to medium fine, and showr stratification 
only near the surface, where it is most indurated. In a few places 
fossil sun cracks were found in impure facies of the rock. The 
thickness of these deposits ranges from a few feet, sonth of Mission 
Valley, to 50 feet or more north of Los Penasquito* Canyon (see 
p. 30). They rest on the San Diego formation where these beds 
underlie the surface but continuing northward they rest on Eocene.

QUATERNARY SYSTEM.

Two types of Quaternary deposits, distinguished primarily by their 
geologic occurrence, are recognized ,in this region the marine 
Pleistocene and the nonmarine Pleistocene and Recent valley fill. 
The marine Pleistocene occurs principally along the coast, resting 
unconformably on older formations, but the valley fill occupies the 
valleys of the principal streams in all parts of the region, and also 
forms the present floors of San Felipe Valley and Warr^rs Valley.
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PLEISTOCENE SERIES. 

SAN PBDRO FORMATION.

Littoral deposits of fossiliferous sand and loam occur as a veneer 
on the older rocks in a narrow belt along the shore from San Ori'ofre 
to the boundary (PL III). North of Soledad Canyon the terraces 
along the shore are surmounted by ridges of semi-indurated sand 
containing Pleistocene fossils, which reach elevations of abont 100 
feet, and Pleistocene fossils are distributed over the flat surfaces of 
the benches on which Oceanside, South Oceanside, and Carl are situ­ 
ated, as much as a mile inland from the present shore line.

Fossils collected in the NE. i sec. 36, T. 11 S., R. 5 W., at an ele­ 
vation of about 70 feet above sea level include, according to Mr. Dall, 
the following Pleistocene species:

Chione fluctifraga Sowerby. 
Chione neglecta Sowerby.

Neverita recluziana var. alta Dall. 
Pecten circularis Sowerby. 
Cbione gnidia Sowerby.

About a half mile southeast of this locality, on the south side of 
the salt marsh at the mouth of Buena Vista Creek, in the SW. i 
sec. 31, T. 11 S., R. 4 W., a narrow band of black loam on the steep 
terrace slope 50 feet above sea level, contained numerous specimens 
of Neverita recluziana var. alta Dall.

The following species were identified in a collection of .fossils 
obtained from an old beach ridge at the top of the cliffs 2 miles 
north of Delmar (see section, member a, p. 53):

Neverita recluziana var. alta Dall. 
Pecten circularis Sowerby. 
Chama mexicana Carpenter.

Tivela crassatelloides Conrad. 
Ohione gnidia Sowerby. 
Chione neglecta Sowerby.

Small isolated deposits of Pleistocene sand and loam were found 
along Buena Vista Creek as far east as El Salto. Half a mile west 
of El Salto a collection was obtained from a small deposit c f dark 
loam among which were the following Pleistocene forms:

Chione gnidia Sowerby. 
CMone fluctifraga Sowerby. 
CMone neglecta Sowerby.

Ostrea conchapKila Carpenter, 
Anomia sp.
Pecten circularis Sowerby. 
Donax laevigata Deshayes.

Such deposits are common along the shores of all the lagoons as 
far south as Soledad Canyon.

Pleistocene deposits occur on the shores of Bay and of San Diego 
Bay, as shown on Plate III, generally at elevations between 15 
and 50 feet above sea level. A careful search failed to discover 
Pleistocene fossils between Mission Valley and Tia Juana Valley at a 
higher elevation than 50 feet, but south of Tia Juana Valley tH high 
terraces along the shore reaching 100 feet in elevation are thickly 
strewn with Pleistocene shells.
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Arnold * has described the beds in the vicinity of S^n Diego, and 
has correlated the Pleistocene deposits there with tH San Pedro 
formation of Los Angeles County.

During the field work in connection with this investigation the 
Pleistocene beds near San Diego could not be distinguished from the 
other marine Pleistocene deposits along the coast in this county, so 
that in accordance with Arnold's correlation, all the marine Pleisto­ 
cene in San Diego County has been mapped as San Pedro formation.

PALA CONGLOMERATE.

Valley fill of a type not common in this area occunr in the valley 
of the San Luis Rey, in the vicinity of Pala. This material is a con- 
glomeritic mass of boulders and residuum, having a. thickness of 
about 200 feet above and extending to an undetermined depth below 
the present level of the river. The boulders which mnke up a large 
part of this formation are all regular, most of them being prismatic 
blocks with slightly rounded corners showing that they have been 
transported only short distances. (See PI. XIV, A.) The boulders 
are granite, and the country rock in the immediate vicinity of Pala is 
gabbro, but this gabbro is surrounded by granites, and the degree of 
corrosion exhibited by the boulders seems not inconsirtent with the 
assumption that they were derived from granite masres within the 
drainage basin of the San Luis Rey.

This deposit is older than the valley fill which underlies the present 
valley floors, and it may be as old or even older than the San Pedro 
formation, but it has not been possible to ascertain definitely the 
relative ages of these formations.

LACUSTRINE DEPOSITS.

The lake deposits of Waraers Valley are not exposed in section, 
and information as to the stratigraphic character of the deposits 
over the inner parts of the valley has not been obtained. The 
materials at the surface consist of sandy alluvium. It is probable 
that the sediments in Waraers Valley are similar to those in San 
Felipe Valley, where wells drilled near the middle of the valley, to 
depths ranging from 90 to 280 feet, penetrated alternating beds of 
alluvial rock debris, sand, and clay, and ended in a bed of coarse 
rounded boulders. The deposits which form beach ridges and deltas 
around the margins of Warners Valley consist of gravel and coarse 
sand, generally poorly assorted and locally mixed f,nd cemented 
with clay.

i Arnold, Ralph, The paleontology and stratigraphy of the marine Pliocene and Pleistocene of San Pedro, 
Calif.: California Acad. Sci. Mem., vol. 3, p. 57,1903.
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RECENt SERIES. 

VALLEY PILL.

The most recent geologic formation is the alluvium which occupies 
the valleys of all the principal streams. These valleys were excavated 
during a period in which the land stood possibly 800 or 1,000 feet 
higher than it does at present,1 and the streams were able to cut their 
valleys to a depth between 100 and 200 feet below the levels of the 
present valley floors before the beginning of the submergence that 
obliged the streams to aggrade their valleys. The alluvium is 
composed of sand, clay, and gravel derived from the drainage basins 
of the streams. The areal distribution of the valley fill is shown on 
Plate HI. The beds of the ancient channels underlying the alluvium 
are generally characterized by coarse boulder deposits. Overlying 
the boulders are alternate layers of gravel, sand, and clay, sane1 being 
predominant, especially at the surface.

These deposits comprise the principal ground-water reservoirs in 
the county. They are more fully described on pages 111-121.

RESEDTTTTM.

Most of the igneous rocks in San Diego County are coarse granites 
that yield readily to weathering. In the broad areas in which rocks 
of this kind occur the surface is immediately underlain by residuum, 
or disintegrated granite, in which the joint planes of the original rock 
are still preserved. Disintegration is most advanced at the surface, 
where the rock has been completely reduced to soil, and it decreases 
downward to the solid granite at depths ranging from a few inches 
to about 100 feet. Near the margins of valleys the residuum is covered 
by talus and alluvium washed from the slopes, and in some of the 
valleys alluvium has been spread over the entire valley floors.

IGNEOUS AND METAMOBPHIO BOCKS.

Only a superficial study of the lithology of the region of crystalline 
rooks has been made in connection with this investigation, s^ that 
merely a general discussion of the character and distribution of these 
rocks is possible in this report. A large amount of specific and detailed 
information on this subject is, however, contained in the publications 
of the California State Mining Bureau, the most comprehensive paper 
being a report by H. W. Fairbanks 2 on the geology of San Diego 
County and portions of Orange and San Bernardino counties.

The rooks composing the crystalline complex include both i|raeous 
and metamorphosed sedimentary rooks of great age, together with

» Merrill, F. J. H., Geology and mineral resources of San Diego and Imperial counties, Calif.: California 
State Min. Bur. Bien. Kept., 1913-14, p. 11,1914. 

2 California State Min. Bur. Eleventh Ann. Rept., p. 76, 1893.
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numerous dike and vein rocks of somewhat more recent origin, and 
consist of gneisses, crystalline schists, quartzites, slates, and lime­ 
stone, which have been intruded by granites, which in turn have been 
intruded by diorites and gabbros. The oldest formations occur 
particularly in a belt along the west side of the crest of the Peninsular 
Range, although isolated bodies are present in other pr-rts of the area.

The igneous rocks include many holocrystalline varieties, together 
with porphyries, f elsites, and amorphous lavas. Coarse granites, cut 
by dikes of fine-grained granite, are by far the most widely distributed 
and constitute the major portion of the crystalline complex. The 
coarser granites, both on the elevated plateaus and on the low valley 
plains, are deeply disintegrated and in many places completely 
reduced to a residual soil. Large masses of basic rocks, including 
gabbro and diorite, are intruded into the granites and metamorphic 
rocks in the eastern part of the area, and of these Cuyamaca Peak, 
Middle Peak, and North Peak, and several of the mountains in the 
vicinity of Pala are composed. The range along the western edge of 
the crystalline area, including Otay, San Miguel, and Cowles moun­ 
tains and other lower hills, is composed of felsites and porphyries 
which are shown on the geologic map of the United States 1 as 
effusives of Tertiary or later age.

A description of these rocks together with a conrraent on their 
probable age is given by Merrill2 as follows:

On the southwestern flank of the granites is a volcanic area, a few miles wide, extend­ 
ing northwest some 40 miles from the Mexican boundary and often erroneously called 
"the porphyry dike." This is largely overlain by the Tertiary formations. The 
principal rocks exposed are felsite, quarried for crushed stone at Spring Valley and 
Sweetwater dam. With these, at various points, are tufas and volcanic conglomerates. 
The age of these volcanics is as yet somewhat indeterminate, but the specimen from 
Lo Tengo oil well, of black shale cut by felsite, suggests a post-Jurassic age for the 
latter.

The felsites may belong to the same period of eruption as the volcanics of Coyote 
Mountain in Imperial County, which underlie the Miocene clays, but they are of 
different type, for the Coyote Mountain effusive rocks are basic and, though they are 
badly decayed and difficult to identify, were probably mostly ande^ites.

Fairbanks states that this rock "is without doubt an ancient 
intrusive, very greatly altered. * * * None of the other 
crystalline rocks in San Diego County appear so old or show so much 
alteration."

Samples were collected by the writer at three localities in the range, 
one in the SW. J sec. 34, T. 17 S., R. 1 E.; one in the NE. f sec. 4, 
T. 18 S., R. IE.; and one just north of the north boundary of the San 
Dieguito grant, at the center of sec. 16, T. 13 S., R. 3 W. These

i Willis, Bailey, and Stose, G. W., Geologic map of North America, IT. S. Geol. Survey, 1911. 
* Merrill, F. J. H., Geology and mineral resources of San Diego and Imperial corities; California State 

Min. Bur. Bien. Kept., 1913-14, p. 11,1914.
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rocks were examined and described by E. S. Larsen, of the United 
States Geological .Survey, as quartz latites, greenish or grayish rocks 
which carry a moderate number of phenocrysts of oligoclase-mdesine 
feldspar and a few of chloritized biotite in a very fine, indistinctly 
granular groundmass made up of quartz and ortjioclase. The rocks 
are much altered flow breccias, secondary chlorite and calcite being 
abundant, and they carry many included fragments of andesitic and 
latitic rocks. The sample from sec. 16, T. 13 S., R. 3 W., contains 
phenocrysts of quartz and the groundmass is coarser. A sample 
collected by G. A. Waring from Morro Hill is described as a dense, 
aphanitic light-gray andesite or quartz latite. Small laths of 
andesine make up about half of the rock, and augite and magnetite 
are in small amount. The groundmass is glassy, and the rock is 
much less metamorphosed than the rocks described above, being 
possibly of later origin.

Probably the latest igneous rocks in the San Diego area are the 
lavas, described by Fairbanks, that cap sandstone hills in the extreme 
northern part of the county north of De Luz.

In an area of crystalline rocks of this character the order in which 
the different rocks were formed is indicated by the phenomena of 
intrusion, and the amount of weathering which the different rocks 
have undergone is a criterion of their ages, but since this is dependent 
as much on rock composition and structure as on the length of time 
that the rocks have been exposed, it is often unreliable as an indication 
of age. But neither of these criteria is in itself sufficient to define 
the geologic age of rocks, and in this area few other data bearing on 
the problem have been obtained. Fossils of Carboniferous s#e have 
been reported from metamorphic rocks correlative with thor^e in the 
San Diego area, indicating that most of the crystalline rocks are post- 
Carboniferous, and Merrill suggested (see p. 72) a post-Jurr ssic age 
for the felsites on the west, which, so far as has been determined, are 
not considerably younger than the mass of crystallines. Conditions 
along the contact between the exposed Tertiary sediments and the 
crystallines indicate that the latter were old before the Tertiary 
deposits were laid down and are probably not younger than early 
Cretaceous. Fairbanks states that "although none but Carbonif­ 
erous fossils have yet been found, it is probable that the metamorphic 
series contains rocks much older as well as younger," and that he 
believes " that the great convulsion which upheaved and iretamor- 
phosed the older rocks and intruded granite into them took place, as 
it did in central and northern California, between the Cretaceous and 
the Jurassic."
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GEOLOGIC HISTORY. 

PRE-CKETACEOUS SEDIMENTATION.

The early geologic history of western San Diego County is obscure, 
owing to the absence in the eastern part of recognizable true markers, 
and in the western part to the great thickness of the deports beneath 
which the old formations are buried. The oldest rocks are in the 
eastern part of the region. No fossils have as yet been discovered in 
them, but they have been provisionally l correlated with the rocks 
of the Calaveras group, which are believed to be of Carboniferous age. 
In San Diego County these rocks include metamorphosed shales and 
sandstones and, in adjacent areas to the east, limestones. When 
these rocks were deposited, presumably during Carboniferous time 
at the latest, the region was covered by the sea. The materials of 
which the shales and sandstones were composed we^e probably 
derived from land not far to the east, and they were deposited in 
thick beds that probably extended over all the highland area. The 
rocks on which they were laid down may have been crystallines or 
ancient sediments which have been so thoroughly altered that they 
can not now be recognized as such.

ERE-CRETAOEOUS OR EARLY CRETACEOUS DIASTROPHISM, VOLCANISM,

AND METAMORPHISM.

Late in the Jurassic period or early in the Cretaceous period there 
was a time in which great geologic changes occurred. J%ny of the 
separate events were no doubt closely related, and some entirely oblit­ 
erated the results of earlier action, so that the true sequerce of events 
is hard to determine. Into the sedimentary formations great igneous 
masses were intruded, eventually forming the granite rock that under­ 
lies practically the whole region. This intrusion elevated the region, 
particularly the highland area, and crumpled and folded, the rocks 
into anticlines and synclines. The sediments were changed by heat 
and pressure to schists, Slates, quartzites, and marbles. Erosion of 
the land mass then began and became more vigorous as elevation 
progressed. As a culmination of the processes of volc^.nism great 
masses of basic magmas were intruded into the granites and overlying 
rocks. These basic masses produced the Cuyamaca peal's and other 
peaks in the eastern part of the area and possibly the porphyritic 
rocks along the western border.

CRETACEOUS (?) PENEPLANATION.

Erosion continued until the region was reduced practically to a base 
level. The metamorphosed sediments were in large pr.rt removed

1 Merrill, F. J. H., Geology and mineral resources of San Diego and Imperial counties Calif.: California 
State Min. Bur. Bien. Rept. 1913-14, p. 24,1914.
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from the elevated positions and were left only in the protected syn- 
clines, and the ridges and peaks of hard basic rocks were etched, into 
relief by the removal of the softer materials into which they hrd been 
intruded. The debris stripped from the highland area was carried 
into the ocean, where it accumulated in stratified deposits new cov­ 
ered by younger sediments. It is probable that during the Creta­ 
ceous as well as the Tertiary period the shore line remained essentially 
in the same position along the boundary between the present coastal 
section and the highland area. In fact it is presumable that a great 
fault line extended along the west edge of the present highland area, 
approximately coincident with that ancient shore line, and that the 
area of sedimentation west of the fault gradually subsided as the 
sediments accumulated, so that thousands of feet of sedimentary 
rocks were laid down at the very edge of the land mass.

EARLY TERTIARY UPLIFT, REJUVENATED EROSION, AND COASTAL

SEDIMENTATION.

A period of uplift and mountain building followed the base-leveling, 
probably in early Tertiary time. 1 During this period the previously 
formed peneplain was in part broken up and high mountains were 
formed along the eastern border of the area. Streams readjusted 
themselves to new topographic conditions and began to carve the 
present drainage lines. A period of intermittent submergence fol­ 
lowed, during which Tertiary sediments accumulated alo^g the 
coast.

LATE TERTIARY AND QUATERNARY EMERGENCE AND OSCILLATION.

Toward the end of the Pliocene epoch the land movements were 
reversed and the sea slowly withdrew from the present coastal region, 
the periods of quiescence and relatively rapid emergence of tho land 
being recorded by well-'defined terraces separating successive wave- 
cut plains.

Oscillatory movements, or alternate elevations and depression of 
the land, characterized the succeeding Quaternary period. During 
an epoch of depression the west edge of the coastal region was sub­ 
merged and received deposits of Pleistocene age. During a subse­ 
quent epoch of elevation these deposits were lifted high above the 
sea, and most of the deposits which had been laid down in the larger 
valleys were carried into the sea again by river erosion. Tl ^ land 
was raised probably as much as 200 feet higher than it stands at 
present, and the principal streams excavated deep valleys. A still 
later subsidence of the land brought about a refilling of all these 
channels to the present levels of the valley floors.

i See Fairbanks, H. W., Oscillations of the coast of California during the Pliocene and Pleistocene: Am. 
Geologist, vol. 20, pp. 213-245.
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These movements are believed to represent the principal events in 
the history of the region, but minor changes of whicb little or no 
record is preserved have no doubt been constantly taking place. The 
terraces along the coast show that the oscillations of the land have 
continued to the present time, and that changes of geologic impor­ 
tance, due in part to land movements and in part to the processes of 
degradation and aggradation, are now in progress.

PRECIPITATION.

By C. H. LEE. 

GENERAL CONDITIONS.

Both the surface and the ground waters of San D'ego County 
are derived from precipitation on the surrounding slopes. Of the 
water that falls as rain or snow on any area a part is immediately 
lost by evaporation; another part Is directly absorbed by the soil 
or other porous material and percolates downward, and if it escapes 
evaporation from the soil or transpiration from plarts this part 
may ultimately reach the water table and join the permanent body 
of ground water; the remaining part collects in stream channels and 
is either absorbed by the porous alluvial debris of tH beds, and 
thus joins the permanent body of ground water, or flows onward 
to the ocean.

Determination of the source and quantity of the ground waters 
of San Diego County requires a knowledge of the quantity and 
distribution of precipitation from season to season and from year 
to year. A wealth of such information is available in the form of 
records of the daily, monthly, and annual precipitation at a great 
number of stations well distributed throughout both the mountainous 
parts of the county and the coastal region. The writer knows of 
no mountainous areas of equal size in the "western United States 
for which records of precipitation are so full or so widely distributed.

CHARACTER OF STORMS.

Most of the precipitation that occurs in San Diego County is 
due to the great cyclonic storm areas, or "lows," from the north 
Pacific Ocean that appear off the coasts of southeastern Alaska, 
British Columbia, and northern United States. These lows, which 
are from 500 to 1,000 miles in diameter, have a general easterly 
movement as they reach the continent, but many r.re deflected 
southward. The frequency and intensity of these storms is greatest 
during the rainy season. Whether the rainy season is w^at is known 
locally as "wet" or "dry" depends upon the number of "lows" that 
are deflected to the south and the degree of deflection. If the 
percentage of "lows" deflected southward is large the season is wet;
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in a dry season few or no "lows" reach far enough south to aflhet pre­ 
cipitation in San Diego County. The variation of rainfall >ffGm 
month to month during the year and also from year to year is 4hus 
largely controlled by the general movement of these great Pacific 
storms. Mr. Ford A. Carpenter, for many years stationed at San 
Diego as local forecaster of the United States Weather l^nseau, 
states that 90 per cent of the rain falling in the vicinity of San Diego 
results from these storms.1 It is stated by McAdie 2 and also by 
Carpenter that not one-tenth of the north Pacific "lows" hf.ve any 
appreciable effect on the climate of San Diego.

Another type of storm that occasionally brings precipitation 
during the rainy season approaches the San Diego Coast from the 
southwest. These storms do not move rapidly and many o* them 
remain stationary over southern California and Arizona for several 
days. In some winters none of these storm* appear and seldoti more 
than two yield precipitation over San Diego County.

Besides storms of these two types, local thunder showers occur in 
the higher mountains of eastern San Diego County during the nmvmer 
months, chiefly July and August. Such storms seldom reach the 
coast, and precipitation in the mountains is usually limited to a few 
hours in the afternoon, Their influence on the total annual pr^cipita- 
tion at mountain stations is small. Stream flow is seldom affected 
by them.

A fourth type of local storm is the "sonora," which reverses the 
ordinary storm movement and, traversing the country from Sonora, 
Mexico, is heralded by northerly and northeasterty winds. This 
storm is cyclonic in character and extends over large areas. It occurs 
during the summer May to September but is very infrequent, 
and precipitation due to it is confined to the mountains and interior 
regions. It has little influence on monthly or annual variations in 
precipitation in San Diego County and seldom causes run-of.

Precipitation in San Diego County is mainly in the form of rain, 
although more or less snow falls every winter on the higher mountain 
slopes and occasionally at lower levels. Snow remains but a few days 
except in the most protected parts of the highest mountains.

OBSERVATIONS OF PRECIPITATION.

Records of precipitation are available for periods varyk <? from 
one year to 65 years at 106 stations in San Diego County. Seventeen 
per cent of the records have been kept by the United States "Feather 
Bureau, 32 per cent by the City of San Diego, 40 per cent by water 
companies and other organizations, and 11 per cent by private 
individuals. These stations are well distributed over the county,

> Carpenter, F. A., The climate and weather of San Diego, Calif., 1913.
«McAdie, A. G., Climatology of California: U. S. Weather Bureau Bull. L, 1903.
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both vertically and longitudinally. Six per cent are nwre than 5,000 
feet above sea level, 9 per cent are between 4,000 and 5,000 feet, 
16 per cent are between 3,000 and 4,000 feet, 22 per cent are between 
2,000 and 3,000 feet, 11 per cent are between 1,000 and 2,000 feet, 
and 39 per cent are less than 1,000 feet. Horizontally, there is an 
average of one station to about 30 square miles, althoi^h the more 
important run-off areas, such as the upper parts of the -drainage 
areas of San Luis Rey and Santa Ysabel rivers, have two or more 
stations to the township. The United States Weather Bureau records 
presented in this report were obtained from the printed reports of the 
bureau. Other records were compiled by the writer from the original 
sources or from reliable secondary sources. So far as possible, each 
precipitation gage and its exposure was examined, and the character 
and methods of the observer and the probable accuracy of the record 
were ascertained from personal interview. Practically all observa­ 
tions have been made with the standard 8-inch gage in general use 
by the United States Weather Bureau. The writer beV Q,ves that all 
private records presented in this report have been carefully and 
conscientiously kept and that the results are reasonably accurate and 
within the limits of error of carefully kept precipitation observations. 
The officers of private companies and individuals who had kept records 
were found ready to assist in every way possible in furnishing the 
original records and other information.

A summary of precipitation observations is presented in Table 17, 
which gives the map number, location, and elevation of the station, 
the authority for and period covered by the record, the average 
observed annual precipitation, and the corrected long-term average 
annual precipitation. The details of the records, in the form of 
monthly and annual depth of precipitation in inches,  ill be found 
in Table 64 of this report (pp. 290-313).
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The precipitation year has been considered as extending from 
July 1 to June 30, so as to cover the rainy season and the period of 
run-off resulting therefrom. The location of all station? is shown on 
Plate XV (in pocket).

The records published by the United States Weather Bureau 
cover long periods and are among the most valuable available. 
Most of the stations at which observations were made by the 
city of San Diego were installed in 1914 and maintained under 
the direction of Mr. H. A. Whitney, hydraulic engineer, depart­ 
ment of water, city of San Diego. Among the records kept
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PER CENT VARIATION FROM 65-YEAR AVERA6E

FIGUBE 3. Relation of length of record of precipitation to variation finaTthe 
average at San Diego, Calif.

by water companies, 80 per cent were furnished by the Volcan 
Land & Water Co. and the Cuyamaca Water Co,, and great 
credit is due Mr. W. S. Post, chief engineer for both companies, 
for the thoroughness and care with which the data have been 
obtained and compiled, as well as to the companies for the 
public spirit displayed in making the records availal V,. Most of 
these gages were installed in 1911, although several stations have 
been maintained by the Cuyamaca Water Co. since 1899. Other 
companies maintaining precipitation stations, to whom credit is due 
for furnishing records, are the Sweetwater Water Co.; the Escondido
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Mutual Water Co., and the San Diego & Southeastern KaHway Co. A 
number of valuable records were also furnished by private individuate, 
some of them covering considerable periods. These individuals are 
too numerous to be mentioned by name, but the writer wishes to 
express his appreciation of their scientific interest in this subject and 
their public spirit in making the records available for publication.

By summarizing the data obtained at the stations listed ir Table 
17 according to the number of complete seasons of record available, 
it appears that 8 per cent of the records are over 25 years long, 2 per 
cent are from 25 to 20 years, 9 per cent are from 20 to 15 y^ars, 7 
per cent are from 15 to 10 years, 10 per cent are from 10 to 5 years, 
50 per cent are less than 5 years, and 27 per cent are less than 3 years 
in length. As precipitation in 
San Diego County is notoriously 
subject to wide annual varia­ 
tions, large deviations from the
mean, sometimes extending

i  ,     $ over several years, it is appar- §
ent that the true averages for z
the depth of annual precipdta- j|
tion could not be determined 1
at many of the stations by |

I
I
E

40' year a tera& nches

OZ4 6 8 K) 12 14 16 
* PER CENT VACATION FROM 40rYEAR AVERA3E

FIGTTBE 4. Relation of length of record of precipitation 
to variation from the average at Escondic'o, Calif.

simply averaging the observed 
quantities. In order to deter­ 
mine to some extent the short- 
term records the following pro­ 
cedure was followed: The 
whole period of record at San 
Diego was divided into periods 
of 3, 5, 10, 15, 20, 25, 30, 35, 
40, 45, 50, 55, and 60 years each, and the average annual precip­ 
itation was computed for each of these periods. The relation, 
in. percentage, of the average annual precipitation during each of the 
short periods to the average annual precipitation for the wl ole 65- 
year period was next computed, and the results were averaged for 
periods of equal length. The results thus obtained were represented 
diagrammatically on figure 3, and a smooth curve was drawn to fit 
the points.

Inspection of this curve shows that the average of 25-year periods 
differs by 4.6 percent from the 65-year period. Similarly, for Es- 
condido, it was found that the average of the 25-year records differs 
but 3 per cent from the 40-year period.

There are nine stations in the county at which records are available 
for 25 years or more. These stations are well distributed, both verti­ 
cally and geographically (PI. XV), and are as follows: San D^o, at 
which the record covers 65 years; Escondido, 40 years; Valley Center,
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30 years; Julian, 29 years; Fallbrook, .Cuyamaca, and Sweetwater, 
each 27 years; and Campo, 25 years. These stations, are termed 
"control stations" in this report because of their use in evaluating 
the short-term records.

Examination of the annual variations from the normal at the nine 
control stations, as tabulated by percentages in Table 18, indicates 
a general concordance in the variations at the different stations, 
which is due, at least in part, to the fact that most of the precipita­ 
tion results from general storms that at any given tirr?, cover areas 
many times greater than San Diego County. This condition is well 
known to the inhabitants of San Diego County and other parts of 
southern California, as is shown by the popular terms "wet," "dry," 
and "average," as applied uniformly throughout the region to 
specific rainfall seasons.
TABLE 18. Precipitation index and annual variation of precipitation at nine control 

stations in San Diego County, expressed as per cent of average of observed precipita­ 
tion.

Year (July 1 to 
June 30).

1872-1873..........
1873-1874..........
1874-1875..........
1875-1876..........
1876-1877..........
1877-1878..........
1878-1879..........
1879-1880..........
1880-1881..........
1881-1882..........
1882-1883..........
1883-1884..........
1884-1885..........
1885-1886..........
1886-1887..........
1887-1888..........
1888-1889..........
1889-1890..........
1890-1891..........
1891-1892..........
1892-1893..........
IftOq 1QQ4
1894-1895..........
1895-1896..........
1896-1897..........
1897-1898..........
1898-1899..........
1899-1900..........
1900-1901..........
1901-1902..........
1902-1903..........
1903-1904..........
1904-1905..........
1905-1906..........
1906-1907..........
1907-1908..........
1908-1909..........
1909-1910..........
1910-1911..........
1911-1912..........
1912-1913..........
1913-1914..........
1914-1915..........
Number of years 

observed........
Average annual 

precipitation, in 
inches, as ob-

Julian 
(28).«

106
89

101
143
212

77
87

1 JO

109
41
77
47
37
70
85
84

106
53

140
Ifi2
112
85
96
82
98
92
72

122
180

29

E scon- 
dido 
(30).o

134
54

56

69
66
50

207
61

135
68

102
119
1<>e

75
<?Q

120
51

100
56
61
89
93
75

114
M

151
164
115

C7

117
121
100
95
67

123

40

15.51

Valley 
Center 
(38).«

59
191
67
Q8

45
134
43

124
81
84
60

256
68

155
69

116
134
154
135

91
104

50
125
61

122
55
59

62

105
141

30

19.74

Fall- 
brook 
(57).o

50
144
44

78
71
77

236
73

152
63

117
136
tea

114
7Q

123
57 loo

54
125
64
50
78

72
136

27

n 97

Cuya- 
maca 
(29).o

f 09

1 Rft

97
108

55

62

78
64
70

88
90
K7

142

110
74

112
QO

79
78
76
85

137

27

40.78

Poway 
(35).«

110
76
95
60

210
. 76

120
68

112

EQ

134
77

126
65
57
80
at70'

118

59
141
155

01
128

25

14.01

San 
Diego 
(39).o

67
174

en

104
39

166
82

148
100
98
51

268
on

175
86

101
114
155
108

QA

51
1°3
64

199

52
54

, 62
108
64

45
ids
fan

110
Oft

106
101
124
111
62

102
1 Vt

65

9 69

Swee*~ 
water 
(36).o

JTO

1S7
11«

01
ire

eh
IAQ

e?
111esKI< "
F*
ffi
f«
47

142
153
15*
f7

111
f?

1C4irs
f6

lfo
u$
£7

in 9s

Campo 
<48).o

niv

52
88.
tn
62

147

160
Q7

ins-

86
Sfi
no

43
155
iqq

125
76

113
86

100

63
99

115

25

«jf| QO

Average 
all control 
stations.

Per cent. 
63

182
63

112
47

143
55

117
HI

82
74

232
74

147
71

110
197

155
142
95

103
71

60
111
60
5470
94
76

110
51

145
1 w»
116

QC

112
94

101
91
68

106
147

<* Number of stations in Tables 17 and 64,
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The method of estimating the average annual precipitation at 
stations for which only short-period records are available is essentially 
that used by Hann and has been adopted as more or less standard 
by European and American meteorologists.1 The procedure may 
be indicated algebraically as follows:

Let m period of years represented by short-time record at pre­ 
cipitation station A. 

a average annual precipitation at A as observed for period
m. 

N= computed average annual precipitation at A for long
period of years (normal).

Sn=* average annual precipitation as observed at one of the 
nine San Diego County control stations near A (normal). 

average annual precipitation as observed at same control 
station for period m. 
io Sm/Sn, or correction factor. 

Tfeea, laeeotdmg*fco the method used by Hann, SmfSn^a/N or 
K=afN, from which it follows that N=ajK.

The value of K for any group of years can be obtained from the last 
column of Table 18 by merely averaging the precipitation indues for 
the years. The computation of the estimated normal precipitation 
at any short-period station is thus simplified to a substitutior in the 
equation N=a,/K of values for a and K. These values have been 
computed for all precipitation stations listed in Table 17 snd are 
tabulated in the next to the last column of that table. The computed 
normal precipitation for all stations of less than 25 years' record is 
entered in the last column of Table 17. These quantities are com­ 
parable with each other and with the averages at the nine control 
stations, and they form the basis for the study of the geographical 
distribution of average annual precipitation.

DISTBIBTJTION OF PRECIPITATION BY TIME.

The distribution of precipitation by days (storms), by months, and 
by years affects materially the ground-water supply in San Diego 
County. Records of daily precipitation are essential to a detailed 
study of fluctuations of the water table due to direct rainfall and 
flood run-off. Records of monthly precipitation are useful in study­ 
ing precipitation as a direct source of ground water and its e^ect on 
monthly fluctuations of the water table. Records of annual precipi­ 
tation are necessary hi studying variations in annual run-off and the 
more general fluctuations of the water table.

The distribution of precipitation by storms in San Diego County is 
well shown by the graphic record of daily precipitation at six typical

1 On working up precipitation observations; translated from Dr. Hugh Slayer's " Guide to tve working 
upof meteorological observations for the benefit of climatology": U. 3. Weaiber Bureau Month'v Weather 
Review, April, 1917.
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stations for the season 1914-15 (PL XVI). The rainf&U for each day 
is shown by an inclined line crossing, the space represented by a day 
and reaching a vertical height representing the precipitation for the 
day, according to the scale at the left of the diagram. For a storm 
that lasts several days, continuous lines are drawn, one above the 
other, the end of the line representing the aggregate precipitation for 
the storm. It should be noted that few single storms last more than 
four days, and that during the rainy season they occnr at intervals

-VALLEY CENTER-

. No ironthly record

Percentage of mean annual precipitation falling each month represented by he wjr fines. 
Rainfall year July 1 to June 50

FIGURE 5. Monthly distribution of precipitation in San Diego County.

of 1 to 20 days. The frequency was greater than usual in 1914-15, 
which was a very wet year (Table 18). The dry season is without 
rainfall.

The monthly distribution is well shown by figure £, on which the 
percentage of the average annual precipitation occurring each month 
at each of the nine control stations is represented. Prom these dia­ 
grams it appears that 70 per cent of the precipitation occurs from 
December to March, inclusive,, and practically none from June to 
September. At mountain stations, however, such as Campo and
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Cuyamaea, local thunderstorms occur during the summer. Rainfall 
during October, November, April, and May has little direct effect 
on run-off or ground water.

Variations in annual precipitation are shown diagraminatically 
by Plate XVII for the nine control stations in San Diego Cc'inty.for 
the full period of record at each. The departure from the average 
is expressed as a percentage and is plotted up or down from a zero 
line representing the average. The most striking featuro of the 
diagram k the wide variation from year to year and the tendency 
for wet and particularly for dry years to occur in groups or 
cycles. The maximum range of variation is from about twice to 
one-half the average. The longest.consecutive cycle of dry years 
comprises about six years, and the longest consecutive cye?e of wet 
years comprises three years. Precipitation in the year beginning 
July 1, 1914, and ending June 30, 1915, during which mofst. of the 
field observations were made in connection with this report was 47 
per cent above the average.

GEOGRAPHIC DISTRIBUTION OF PRECIPITATION.

A knowledge of the geographic or horizontal distribution of precipi­ 
tation is important in connection with the study of run-off from 
specific areas and of absorption of water by porous alluvium and 
residium. The ground-water supply is annually replenished by 
absorption from both direct rainfall and run-off. The amount of 
precipitation over any given area, therefore, has a direct effect on 
the ground-water supply of that area and of lower areas through 
which the run-off passes.

The horizontal distribution of precipitation in San Diego County 
is largely controlled by the topography. The situation is typical 
of that in regions characterized by a range of mountains paralleling 
a coast toward which cyclonic storms move from the bordering ocean. 
The slope leading up to the crest of the range-elevates tH whole 
body of moisture-laden air during its movement inland and thus 
induces more rapid condensation of moisture as a result of titn cooling 
which accompanies gaseous expansion, As soon as the air reaches the 
crest and begins movement down the opposite slope condensation 
of moisture stops as a result of compression and increasing tempera­ 
ture of the air. These conditions are found on all humid continental 
borders throughout the. world, although in many of them the depth, 
of annual precipitation exceeds that in San Diego County. Op the 
west slope of the Sierra Nevada hi California1 there is a zone of .maxi­ 
mum precipitation between altitudes' 3,500 and 5,500 fe«t above

> Henry, A. H., Average annual precipitation in the United States for the period ISTt 1-> 1901: IT. 8. 
Weather Bur. Monthly Weatker Itevtew, vol. 30, p. 208,1902.

Lee, C. H., Water resources of a pant of Owens Valley, Calif.: IT. S. Geol. Survey Water-Supply Paper 
294,1912.
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sea level, the amounts, decreasing above the higher level. In San 
Diego County, however, the highest peaks barely reach 6,000 feet 
above sea level, so that the maximum precipitation occurs at or 
near the crest of the first range from the west.

The great number of precipitation stations in San Diego County 
makes it feasible to study the influence of topography on precipita­ 
tion in greater detail than is ordinarily possible. The results of this 
study are embodied in the map of the Pacific slope drainage areas 
of the county (PI. XV), which shows lines of equal average annual 
precipitation with 2-inch intervals. This map shows that the aver­ 
age annual precipitation increases regularly from about 10 inches 
at the coast to about 45 inches at the crest of the f rst range, and 
that the amount of precipitation in any locality follows very closely 
the local slopes and elevations.

The general relations of precipitation, elevation, and slope are 
well shown by the diagrams in Plate XVIII, which were prepared 
from Plate XV along vertical sections represented by lines A-A and 
B B. The first pair of diagrams shows'the relation of average 
annual precipitation and altitude and indicates a more or less uni­ 
form rate of increase from the coast to the highest elevation of the 
range of about 0.6 inch in depth per 100 feet increase in elevation. 
East of the crest precipitation decreases rapidly. Tie second and 
third pairs of diagrams show very clearly the close relation between 
precipitation and slope.

The method of indicating on the plate the position of lines of 
equal annual precipitation was as follows: First a diagram was 
prepared (fig. 6) on which the corrected average annual precipita­ 
tion at each station (Table 17) was plotted against the elevation of 
the station (Table 17). Examination of this diagram showed that 
for all stations west of the first mountain crest precipitation and 
elevation maintained a more or less consistent relation which could 
be approximately expressed by a straight line with. A dope of 0.56 
inch of rain per 100 feet of elevation. Variations from this line 
were considerable but exceeded 20 per cent at only four stations.

The first step in plotting a line of equal precipitatie 1! f©r a locality 
was to select pairs of stations which were not separated by pronounced 
ridges and at which precipitation was greater and less, respectively j 
than that desired. Each pair of points was then picked out on 
figure 6 and connected by a straight line. The average of the eleva­ 
tions at which these lines cross the given precipitation line'was then 
plotted on the map. By covering the whole area in this manner 
numerous points were plotted for each line of equal precipitation, 
and these points were then connected, the conneetinjT line following 
the general course of the proper surface contours betwe^ the points of 
control. For areas east of the crest of. the culminating range this
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method was combined with straight interpolation. In studying 
the area west of the crest it was found tha.t the same precipitation 
occurs at progressively higher elevations from north to south across 
the county. Thus, whereas an average annual precipitation of 20
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FIGURE 6. Relation of altitude to long-term average annual predpitatitm for all statlrnsln San
Diego County.

inches occurs at an elevation of about 1,500 feet at the nortl county 
line, at the international boundary the line of 20-inch averag^ annual 
precipitation rises to about 2,500 feet. Similar differences in eleva­ 
tion occur in all contours of precipitation exceeding 16 ineh. <*. This 
fact explains much of the variation from the average straigfc.4
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as noted in figure 6. Although the lines of equal annual precipita­ 
tion as shown in Plate XV are doubtless inaccurate in many details, 
it is believed that the map is sufficiently reliable to be useful to 
engineers in connection with investigations of water-supply.

RELATION OP RUN-OFF TO PRECIPITATION.

Two relations of run-off to precipitation are significant in connec­ 
tion with the subject of ground-water supply as discussed in this 
report variation in regard to time and percentage of precipitation 
appearing as run-off.

Seasonal variations in run-off and precipitation are readily com­ 
pared by means of figure 7, on which the average annual variation 
of precipitation at the nine control stations has been plotted together 
with the annual variation of flow of Sweetwater River at Sweet- 
water dam, San Diego River at diverting dam, and San Luis Rey 
River near Pala. (See also Table 20, p. 95.) The variation in flow 
of San Gabriel River near Azusa, in Los Angeles County, for which 
a 19-year record is available, is also shown. These diagrams show 
that although run-off follows in general the same variations as 
precipitation, it is subject to wider seasonal fluctuations than pre­ 
cipitation, the maxium run-off being from 2^ to 3 times the average 
run-off and the minimum being almost zero.

The relation between daily run-off and precipitation may be seen 
by comparing Plates XVI (p. 86) and XIX (in pocket). An impor­ 
tant difference at once apparent is that, although precipitation began 
late in September or early in October, 1914, the first flood run-off 
occurred January 29,1915, by which date about 7 inches of the season's 
precipitation had fallen. After this date every storm in which the 
precipitation was an inch or more, yielded large run-off. Even smaller 
storms, such as that of March 27-29, when about 0.3 inch of rain fell, 
affected stream flow. The failure of precipitation to produce run-off 
early in the season was due to lajek of moisture in the ground  
a lack that existed both in the alluvium of the valleys f.nd in the thin 
but widespread unconsolidated surface materials of oth°sr parts of the 
drainage areas. When the surface materials had absorbed a certain 
quantity of moisture they became saturated more easily, and the 
precipitated water then began in part to flow off the surface. Run-off 
continued, in diminishing quantity, after the last storm in May for 
.two or three months, and then the streams dried up. The source of 
this flow was ground water, which continued to percolate to the 
stream channels in diminishing quantities until most of that above 
levels of the stream channels had drained out.

A comparison of daily run-off and precipitation in seasons prior to 
to that of 1914-15 shows that the amount of precipitation before the 
date of the first flood run-off varies widely and depends largely on
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the degree of the precipitation in the preceding year or years and on 
the intensity of the early rains.

In order to analyze the conditions Table 19 was prepared for four 
typical gaging stations San Luis Key River near Pala, Santa Ysabel 
River near Ramona, San Diego River at diverting dam, and Sweet- 
water River at Sweetwater dam. This table covers the period of 
record at each station and shows the precipitation inder for each year, 
beginning July 1 (Table 18), the date of first flood rm-off, the ap­ 
proximate average depth of precipitation on the drainage area for each 
year, the per cent of precipitation prior to the date of fire t flood run-off, 
and the average depth of precipitation on the drainage area prior to the 
date of first flood run-off separated with respect to the character of the 
precipitation in the previous year, into three groups, determined for 
(1) dry years, or years following those with precipitation index less 
than 90 per cent or the second year following a year witt an index of 70 
per cent or less; (2) average years, or years following those-with a 
precipitation index of 90 to 110 per cent; (3) wet years, ,Qf years 
following those with a precipitation index exceeding 110 per cent, 
except the second year after one with an index of 70 per cent or 
less. The purpose of the segregation into groups WPS to show the 
hold-over effect, if any, of a dry or wet year on tl °> quantity of 
moisture stored in the earth. Inspection of the last three columns 
of Table 19 shows a similarity in the depths of precipitation required 
to produce run-off under these three conditions and thus an evident 
hold-over effect. The effect of a year in which precipitation is less 
than 70 per cent of the average appears to be noticeable for two
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TABLE 19. Precipitation required to produce flood run-off in typiml

Diego County.

San Luis Key River near Pala.o

[Drainage area, 322 square miles.]

Year (July 1 to 
June 30).

1902-03,....-....
1903-04..........
1904-05..........
1905-06.......:..
1906-07..........
1907-08..........
1908-09..........
1909-10..........
1910-11..........
1911-12..........
1912-13..........
1913-14..........
1914-15..........

Precipita­ 
tion index
(percentage 
of average 
for nine 

control sta­ 
tions; table 

18).

110 
51 

145 
150 
116 
85 

112 
94 

101 
91 
68 

106 
147

Date of first 
flood run-off 

at gaging
station.

Mar. 23,1904 
Jan. 9, 1905 
Jan. 19,1905 
Nov. 23, 1906 
Oct. 16,1907 
Dee. 3.1908 
Nov. 11. 1909 
Jan. 10.1911 
Dec: 29,1911 
Jan. 15.1913 
Jan. 16,1913 
Jan. 22,1915

Average 
precipita­ 
tion on 

drainage 
area.

Indies.

12.8 
36.4 
37.7 
29.2 
21.3 
28.1 
23.6 
25.4 
22.8 
17.1 
26.6 
36.9

(*)

Per cent of 
annual pre­ 
cipitation 

prior to date 
of first flood 
run-off, as 
obtained 
from pre­ 
cipitation 
stations on 

drainage 
area.

Per cent.

48.7 
12.1 
21.4 
6.8 
5.3 

23.6 
4.5 

16.2 
8.7 

28.2 
23.0 
23.1

Average depth of precipitation re­ 
quired to produce run-off fol­ 
lowing 

A year with 
index of® 
per cent or 
less, or the 
second year 
following 
one with 

index of 70 
per cent or 

less.

Inches.

4.4 
8.1

6.6

6.1
8.5

6.7

A year 
with in­ 
dex of 90 
per cent 

to llOper 
cent.

Inches.

6.2

4.1
2.0
4.8

4.3

A year with 
index of 111 
per cent or 
more ex­ 

cept second 
year after 
one with 

index years 
of 70 per 

cent or less.

Inches.

2.6 
1.1

1.1

1.4

Santa Ysabel River near Ramona.c

1904-05..........
1905-06..........
1906-07..........
1907-08. .-;.....
1908-09..........

1910-11.;..:.-...
1Q11 tO -*. -
1019 1$

1913-14..........
1914-15..........

145
150
116
85

94
101
91
68

106
147

Jan. 19,1906
Dec. 7, 1906

Jan. 9,1909
Nov. 11,1909
Tan Q 1Q11
TLfa- a 1Q1O

Jan. 16.1913
T«m 10 1Q1A

Jan. 22,1915

30.3
22.2
9Q 9

24.5
26.4
OO Q

1Q <J

OQ K

^Q 5

(d)

13.1
20.1
1Q 9

11.0
17 S
19 7
00 Q

25.1
21.8

8.8

5.6

7.2
8.6

7.6

4.7
4.7
5.3

4.9

4.0
4.5

2.7

3.7

a Date of first flood run-off at gaging station determined from records of U. S. Geological Survey and 
Volcan Land & Water Co.; flood flow considered as flow in excess of 14 second-feet.

6 Average for these areas, derived from PI. XV, is 24.3 inches.
e Date of first flood run-on at gaging station determined from records of U. S. Geological Su-vey. Mood 

Sow considered as flow in excess of IS second-feet.
<J Average depth of seasonal precipitation from PI. XV is 26.1 inches for area of 128 squar« miles, and 

26.9 inches for area of 110 square miles.

NOTS. Station on Santa Ysabel Creek near Escondido, with drainage area of 128 square miles from Dee. 
17,1905, to June 30,1912. Station moved to Pamo, with drainage area of 110 square miles on July 1,1912.
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TABLE 19. Precipitation required to produce flood run-off in typical streams of San
Diego County -Continued.

San Diego River at diverting dam."
[Drainage area, 90 square miles.]

Year (July 1 to 
June 30).

1897-98..........
1898-99..........
1899-1900........
1900-1901........
1901-2...........
1902-3...........
1903-4...........
1904-5.. .........
1905-6...........
1906-7...........
1907-8...........
1908-9...........
1909-10..........
1910-11...........
1911-12..........
1912-13..........
1913-14..........
1914-15..........

Precipita­ 
tion index 
(percentage 
of average 
for nine 

control sta­ 
tions; table 

18.)

60 
54 
73 
94 
76 

110 
51 

145 
150 
116 
85 

112 
94 

101 
91 
68 

106 
147

Date of first 
flood run-off 

at gaging 
station.

Feb. 1.1899 
Jan. 2, 1900 
Jan. 5, 1901 
Jan. 24,1902 
Jan. 26,1903 
Mar. 17,1904 
Feb. 1, 1905 
Nov. 25, 1905 
Dec. 1, 1906 
Oct. 13,1907 
Jan. 9. 1909 
Nov. 13, 1909 
Jan. 8. 1911 
Feb. 28,1912 
Jan. 8, 1913 
Dec. 22,1914 
Jan. 29,1915

Average 
precipita­ 
tion on 

drainage 
area.

Inches.

15.4 
20.8 
26.8 
21.7 
31.4 
14.5 
41.3 
42.8 
33.1 
24.2 
32.0 
26.8 
28.8 
25.9 
19.4 
30.2 
41.8

f 6 )

Per cent of 
annual pre­ 
cipitation 

prior to date 
of first flood 
run-off, as 
obtained 
from pre­ 
cipitation 

stations on 
drainage 

area.

Per cent.

45.0 
38.0 
29.1 
26.4 
37.0 
44.0 
22.1 
17.0 
15.0 
5.0 

22.0 
12.0 
19.5 
16.0 

 24.7 
21.3 
29.9

Average depth of precipitation re­ 
quired to produce run-off fol­ 
lowing  

A year with 
index of 89 
per cent or 
less, or the 
second year 
following 
one with 

index of 70 
per cent or 

less.

Inches.

6.8 
7.9
7.8

11.6

9.2 
7.3

7.1

6.4
12.5

8.5

A year 
with in­ 
dex of 90 
per cent 
to 110 per 

cent.

Inches.

5.7

6.4

5.6
4.2
4.8

5.3

A year with 
index of 111 
per cent or 
more ex­ 

cept second 
year after 
one with 

index years 
of 70 per 

cent or less.

Inches:

5.0 
1.2

3.2

3.1

Sweetwater River at Sweetwater dam.c
[Drainage area, 181 square miles.]

1886-87..........
1887-88..........
1888-89..........
1889-90..........
1890-91..........
1891-92..........
1892-93..........
1893-94..........
1894-95..........
1895-96..........
1896-97..........
1897-98..........
1898-99..........
1899-1903........
1900-1901........
1901-2...........
1902-3...........
1903-4...........
1904-5...........
1905-6...........
1906-7...........
1907-8...........
1908-9...........
1909-10..........
1910-11..........
1911-12..........
1912-13..........
1913-14..........
1914-15..........

71
110
127
155
142
95
103
71

60
111
60
54
73
94
76
110
51
145
1 5ft
116
85
112
94
101
91
68
106
147

TlAf 9^1 1 GRO

7 an 9^ 1 GQ9

Jan. 14,1895

Feb. 18,1897

Jan. 10,1899

Feb. 5, 1901

Mar. 25,1903

"KWk 1 1 QH5

Dec. 27,1906

Tan 99 1QAQ

Feb. 1, 1911
Mar. 3, 1912
Jan. 20,1913

Tan 9Q toil

21.9

30 9

10 A

20.5

oc 7

99 1

12.0
1ft Q

14.6
-tQ Q

15.2
91 Q

10.2
9ft Q

29.9
23.1
17.0
-99 ^

20.1
18.2
is >;
21.1
9Q ^

«

23.2
21.7
15.2

40 q

60.5

52.5
66.4
100.0
27.5

100.0
52.0
100.0
75.0

100.0
38.8
37.2
28.2
29.8
40.4
27.3
45.9
25.1
38.2
42.3
31.3

........

14.7
12.0
3 n
14.6
9 0

15.2
16.4

11.1

9 ft

9.0
9.2

11.3

5.8

9.9
8.6

,   ~

i6.2

9.2
4.6
5.2

9.2

7.8

6.7
4.3
6.1

6.3

6.5
5.1

5.1

5.7

o Date of first flood run-off at gaging station determined from records of Cuyanwa Water Co. Flood 
flow considered as flow in excess of 12 second-feet.

6 Average depth of seasonal precipitation from PI. XV is 28.5 inches.
c Dates of first flood run-off at gaging station obtained from charts showing wator stage at Sweetwater 

reservoir, furnished by Sweetwater Water Co., J. F. Covert, engineer.
d Average depth of seasonal precipitation from PI. XV is 19.9 inches.
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TABLE 20. Run-off from and precipitation on drainage basins of streams in 8&& Diego
. County.

Sim Late Key River near Pala.

[Drainage area, 322 square miles.)

Year (July I to. June 35).

1903-4..................................
1904-5................................. .
1905-6...................................
1903-7................................. .
1907-8...................................
1938-9.................................
1909-10....... .........
1910-11............................ .
1911-12................................
1912-13...................... ... . ...
1913-14........................ .......
1914-1S...................

Run-off.

Total in 
acre- 
feet.a

7,526 
45,303 

108,224 
86,753 
28,323 
52, 192 
50, 132 
36,279 
19,003 
9,350 

35,874 
100, Oil

48,248

Acre- 
feet per 
square 
mile.

23.4 
140.7 
336.0 
269.4 
88.0 

162.1 
155.7 
112.7 
59.0 
29.0 

111.4 
310.6

149.9

Depth on 
drainage 

area 
(inches).

0.44 
2.63 
6.30 
5.05 
1.65 
3.04 
2.92 
2.11 
1.11 
0.54 
2.09 
5.80

2.81

Per cent 
of 12-year 
average.

16 
94 

224
180 
59 

108 
104 
75 
39 
19 
74 

207

100

AveraTe 
precipi­ 
tation on 
drainage 

area 
(inches).

12.4 
35 2 
36 5 
28 2 
20 6 
27.2 
22.8 
24.6 
22.1 
165 
25 8 
35 7

Run-off 
in per 
cent of 
precipi­ 
tation.

3.5 
7.5 

17.3 
17.9 
8.0 

11.2 
12.8 
8.6 
5.0 

  3.3 
8.1 

16.2

25 6 I 10.0

Oanta Ysabel Creek near Ramona.

1905-6...................................
1906-7...................................
1907-8...................................
1908-9...................................
1909-10..................................
1910-11..................................
1911-12..................................
1912-13..................................
1913-14..................................
1914-15..................................

6 c 60, 471
635,756
612,389
645,765
635,191

6c2,927
615,352

<* 19, 814
<* 48, 069

27,288

96.8
OK7 ft

274.5

119.9
54.2

180.0
437.0

5. £3
1.82
6.70
5.16

2.25
1.C2
3.37
8.20

4.22

131
45

168
129

56
22
73

176

100

39 2
303
22.2
29 2
24.5
26 4
23 8
183
285
395

«28 2

17.3
8.2

22.9
21*0

9.5
5.6

11.8
20.7

14.6

Oaa Diego River at diverting dam.
[Drainage area, 90 square miles*/J

1898-99..................................
1899-1900................................
1900-1901 ................................
1901-2...................................
1902-3...................................
1903-4...................................
1904-5...................................
1905-6...................................
1906-7...................................
1907-8...................................
1908-9..................................
1909-10..................................
1910-11.... ........................ ......
1911-12. .................................
1912-13..................................
1813-14..................................
1914-15..................................

909
609

4,023
' 4, 122

8.375
fi54«

22,036
30,837
32,816
12,091
19,455
13,461
8,345
9,620
5,378

10,261
30,593

012,563

10
7

45
46
93
7

248
343
365
134

149
93

107
59

114
340

139

0.19
.13
.84
.86

1.74
.13

4.65
6.43
6.85
2.51
4.05
2.79
1.74
2.01
1.11
2.14
6.38

2.62

7
5

32
33
67
5

176
246
262

96
155
107
66
77
43
82.

244

100

15,4
20.8
26.8
21.7
31.4
14.5

 41.3
42.8
33.1
24.2
32.0
26.8
28.8
25.9
19.4
30.2
41.8

ft 27. 8

1.2
.6

3.1
4.0
5.5
.9

11.3
15.0
20.7
10.4

10.4
6.0
7.8
5.7
7.1

"15.3

8.1

» For authority see Table 23.
6 Data compiled from U. S. Oeol. Survey Water Supply Paper 300. 
c Part of season only.

«* Data furnished by district engineer, U. 8. Geological Survey.
« Average depth of seasonal precipitation from PI. XV is 26.1 inches for area of 128 squa~e miles and 

26.9 inches for area of 110 square miles.
/ Exclusive of drainage area cf 12 square miles tributary to Cuyantaca reservoir. 
a Authority for run-off,Cuyamara Water Co., W. S. Post, engineer, 
ft Average depth of seasonal precipitation from PI. I is 28.5 inches.
NOTE. Station on Santa Ysabel Creek near Escondido, drainage area cf 128 square miles, from Dec. 17, 

1905, to June 30,1912. Station moved to Pamo, drainage area of 110 square miles, on July 1,1912.
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TABLE 20.   -Run-off from and precipitation on drainage basins of streams in San Diego
County   Continued.

Sweetwater River at Sweetwater dam.
[Drainage area, 181 square miles.]

Year (July 1 to June 30).

1887-88..................................
1888-S9. .................................
1889-90..................................
1890-91..................................
1891-92..................................
1892-93..................................
1893-94 ..................................
1894-95 ..................................
1895-96..................................
1896-97 ..................................
1897-98..................................
1898-99 ..................................
1899-1900. ...............................
1900-1901 ................................
1901-2...................................
1902-3 ...................................
1903-4...................................
1904-5 ...................................
1905-6...................................
1906-7...................................
1907-8...................................
1908-9...................................
1909-10..................................
1910-11..................................
1911-12..................................
1912-13..................................
1913-14. .................................
1914-15..................................

Run-off.

Total in 
acre- 
feet.

7,048 
25,253 
20,532 
21,565 
6.198 

16,261 
1,338 

73,412 
1,321 
6,891 

4 
245 

0 
828 

0 
0 
0 

13,760 
35,000 
30,000 
4,140 

16,007 
9,619 
3,160 
5,017 

915 
3,525 

27,026

oll,752

Acre- 
feet per 
square 
mile.

38.9 
139.5 
113.2 
119.0 
31.2 
90.0 
7.4 

405.0 
7.3 

38.1 
.0 

1.4 
.0 

4.6 
.0 
.0 
.0 

76.2 
193.3 
165.8 
 22.8 
88.5 
53.2 
17.5 
27.7 
5.0 

19.5 
149.5

61.9

Depth on 
drainage 

area 
(inches).

0.73 
2.61 
2.12 
2.23 
.64 

1.69 
.14 

7.60 
.14 
.72 
.00 
.03 
.00 
.09 
.00 
.00 
.00 

1.43 
3.63 
3.11 
.43 

1.66 
1.00 
.33 
.52
.on
.37 

2.80

1.22

Per cent 
of 12-year 
average.

60.0 
2H.9 
174.7 
183.6 
52.7 

138.4 
11.4 

621.7 
11.2 
58.6 

.0 
2.1 
.0 

7.0 
.0 
.0 
.0 

117.0 
297.8 
255.3 
35.2 

136.2 
81.8 
26.9 
42.7 
7.8 

30.0 
30.0

100.0

Average 
precipi­ 

tation on 
drainage 

area 
(inches).

21.9 
25.3 
30.9 
28.3 
18.9 
20.5 
14.1 
25.7 
12.0 
22.1 
12.0 
10.8 
14.6 
18.8 
15.2 
21.9 
10.2 
28.9 
29.9 
23.1 
17.'0 
22.3 
18.8 
20.1 
18.2 
13.5 
21.1 
29.3

b20.2

Run-off 
in per 
cent of 
precipi­ 
tation.

3.3 
10.3 
6.9 
7.9 
3.4 
8.2 
1.0 

29.6 
1.2 
3.3 
.0 
.3 
.0 
.5 
:0 
.0 
.0 

5.0 
12.1 
13.5 
2.5 
7.4 
5.3 
1.6 
2.9 
.7 

1.7 
9.6

4.9

San Gabriel River near Azusa.
[Drainage area, 222 square miles.]

Season.

1895-96 ......................................................
1896-97.................................................... .
1897-98..................................... ......... ..
1898-99 ......................................................
1899-1900.................................... . .....
1900-1901 ....................................................
1901-2.......................................................
1902-3.....................................................
1903-4.......................................................
1904-5....................................................
1905-6.......................................................
1906-7.................................... ............... .
1907-8.......................................................
1908-9.......................................................
1909-10......................................................
1910-11.................................... .....
1911-12......................................................
1912-13...................................... ............
1913-14......................................................
1914-15........................................ ..........

Rur-off.

Total acre- 
feet.c

<J28,661 
88,122 
26,628 
10,490 
12,002 
92,976 
26,518 

101,623 
32,295 

153,048 
228,470 
349,800 

88,280 
176,460 
144,040 
266, 780 
82,400 
53,141 

287,172 
129,462

d 19, 044

Acre-feet 
per 

square 
mile.

140.4 
396.9 
120.0 
47.2 
54.1 

418.8 
119.4 
457.7 
145.4 
689.4 

1,029.1 
1,575.7 

397.7 
794.9 
618.8 

1,201.7 
371.1 
239.4 

1,293.5 
583.1

536.2

Depth on 
drainage 

area 
(inches).

2.63 
7.45 
2.25 
.89 

1.01 
7.85 
2.24 
8.59 
2.73 

12.92 
19.32 
29.55 
7.45 

14.90 
12.17 
22.53 
6.95 
4.49 

24.25 
10.92

10.05

Per cent 
of

average.

74 
22 
9 

10 
78 
22 
85 
27 

128 
192 
294 

74 
148 
121 
221 

6Q 
45 

241 
109

100

a Authority for run-off, Sweetwater Water Co., John F. Covert, engineer. 
t> Average depth of seasonal precipitation from PI. I is 19.9 inches.
c Authorities: U. S. Geol. Survey Water-Supply Paper 300, August 8,1895, to June 30. 1812; district 

engineer, U. S. Geol. Survey, July 1,1912, to June 30,1915. 
d Part of year only.
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The last three columns of Table 19 are summarised in the following 
table:

, TABLE 21. Average depth of precipitation, in inches, required to prodn^

Stream.'

SanLuis Bey River near Pala... .............................
Santa Ysabel Creek near Ramona    .......................
San Diego Biver at diverting dam............................
Sweetwater River at Sweet water dam.. ... ... ... .............

First year
after

yearwithless
than 90

per cent of 
average rain­ 
fall or second
year after one
with 70 per
centor lesg>

6.7
7.6
8,5

11.3

Following an
average year

(90 to 110 
per cent of 

average rain­
fall).

4.3
4.9
5.3
7.8

Following a
year with

more than 110
percent of

average rain­ 
fall except 
second year

after one with
70 per cent

or less.

1.4
3.7
3.1
5.7

For the three mountain drainage basins that do not include any 
major river valley (the first three in Table 21) the average depth of 
precipitation required to produce run-off is 7.5 inches after a dry 
year, 4.8 inches after an average year, and 2.7 inches after a wet 
year. For Sweetwater River, however, which traverses a long allu­ 
vium-filled valley before it reaches the point of measurement, the 
depths are 11.3, 7.8, and 5.7 inches respectively. The depths for 
Sweetwater Valley are probably greater than those of other major 
river valleys at corresponding points of measurement. In applying 
these determinations it is to be remembered that they aro averages 
for whole drainage areas and that they do not necessarily repre­ 
sent the amount of precipitation at any single station.

 The per cent of precipitation appearing as run-off in the four drain­ 
age basins for which the above study was made is given in Table 
20. Wherever possible the total run-off was obtained from records 
of stream-gaging stations of the United States Geological Survey. 
For the San Luis Rey near Pala the quantity diverted by the Escon­ 
dido Mutual Water Co. (Table 22) was added to the measured flow 
to determine the total run-off (Table 23). The record of run-off of 
Sweetwater River was furnished by the Sweetwater Water Co.
TABLE 22. Monthly discharge, in acre-feet, of Escondido Mutual Water Co.'s canal at 

heading near Nellie, for years ending June SO, 1904-1915.a

Mouth.

July..............

April.............
May..............

Total.......

1904-5

0
0
0
0
0
0
0
0

1,138
1,621

676
0

3,435

1905-6

0
0
0
0
0

' 0
448

1,192
282

0
0
0

1,922

1906-7

0
0
0128'

64
1,055

153
0
0
0

278
504

2,182

1907-8

65
0
0
0

88
588
«10

299

714
622

53

3,473

1908-9

0
0
0
0

77
414
144

397
852
798

363

4,072

1909-10

101
0
0
0
0
0

502

7*>4

395
105

3 fHA

1910-11

32
22
0
0
0

166
478
KlO

1,161
1,151

4ftQ

0

4,022

1911-12

0
0
0
0
0
0

AQA

305
487
458

1 OQO

19

3 AQO

191;i-13

0
0
0
0
0

IftO
ooo
530

1 9Q4

716
16

0

2 Oftfk

1913-14

0
0
0
0
Q

- 240
676
924

1 OSI

891
1,020

230

5,932

1914-15

0
0
0
0
0

ut
896

1,773
11(14

9184i<>
793

6,627

o Compiled from records in U. 8. Geol. Survey Water-Supply Paper 411, and furnished t -» H. D. 
sban, district engineer.

115536° 19 WSP44S  7
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TABLE 23. Annual discharge of San Luis Rey River near Pala, including Escondido 
Mutual Water Co.'s canal, for years ending June SO, 1904-1915.

[Drainage area, 322 square miles.]

Year.

1903-4
IQfU  K

1905-6.......................................................
lQOfi-7
1QO7  K
1908-9.......................................................
1909-10......................................................
1910-11......................................................
1911-12......................................................
1912-13......................................................
1913-14......................................................
1914-15......................................................

Observed 
run-off at 

gaging 
station 

near Pala 
(acre-feet;.

o7,526 
641,868 

6106,302 
684,571 
624,850 
648,120 
647,086 
c 32, 257 
d 15, 915 
«6,390 

/ 29, 942 
793,484

Discharge 
of canal 

at 
heading 

(acre-feet).

No record. 
3,435 
1,922 
2,182 
3,473 
4,072 
3,046 
4,022 
3,088 
2,960 
5,932 
6,527

Total discharge of 
San Luis Key 
River above gag­ 
ing station near 
Pala.

Acre-feet.

45,303 
108,224 
86,753 
28,323 
52,192 
50,132 
36,279 
19,003 
9,350 

35,874 
100,011

Acre-feet 
per square 

mile.

140.7 
336.0 
269.4 
88.0 

162.1 
155.7 
112.7 
59.0 
29.0 

111.4 
310.6

o Discharge for July, August. September,and Oct. 1-8, inclusive, estimated by C. H. Lee; Oct. 9 to 
June 30, inclusive, from U. 8. Geol. Survey Water-Supply Paper 300.1913.

6 From record in U. S. Geol. Survey Water-Supply Paper 300,1913.
c July 1 to Dec. 31, inclusive, estimated by C. H. Lee; Jan. 1 to June 30, from U. S. Geol. Survey Water- 

Supply Paper 300,1913.
« July 1,1911, to Mar. 31,1912, estimated by C. H. Lee; Apr. 1 to May 31, from U. S, Geol. Survey Water- 

Supply Paper 331, p. 45,1914; June, from records of Volcan Land & Water Co.
* July 1 to Nov. 13, inclusive, from records of Volcan Land & Water Co.; Nov. 14 to June 30, data fur­ 

nished by H. D. McGlashan. district engineer, U. S. Geol. Survey.
/ Record furnished by H. D. McGlashan, district engineer, U. S. Geol. Survey.
NOTE. Canal record compiled from data in IT. S. Geol. Survey Water-Supply Parwr 411 and furnished 

by H. D. McGlashan, district engineer.

The following table summarizes the data presented in Table 20:

TABLE 24. Summary of data, showing ratio, in percentage, of run-off to precipitation

Year.

1887-88.........................................................
1888-89.........................................................
1889-90.........................................................
1890-91.........................................................
1891-92.........................................................
1892-33. ........................................................
1893-94.........................................................
1894-95.........................................................
1895-96.........................................................
1896-97..........................................................
1897-98.........................................................
1898-99.........................................................
1899-1900.......................................................
1900-1901.......................................................
1901-2..........................................................
1902-3..........................................................
1903-4..........................................................
1904-5..........................................................
1905-6..........................................................
1906-7..........................................................
1907-8..........................................................
1908-fl................................ ..........................
1909-10.........................................................
1910-11.........................................................
1911-12..................................................... ..
1912-13..................................................... ...
1913-14....................... ..... ... .... .... . .
1914-15..................................................... .

San Luis 
Rey 

River 
near 
Pala.

3.5
7 K

17 o

17.9
0 ft

n o
19 fi

5.0
3 0

SI 1

10.0

Santa 
Ysabel 
Creek 
near 

Ramona.

.

17. Ss *?
09 c

91 1

9.5
5.6

11. g

14. e

San 
Diego 

River at 
divert­ 

ing dam.

1 9

3 1

4.0
5.5
.9

n o

15.0
20.7
10.4

10.4

7 0
5.7
7.1

1 C 9

0 1

Sweet- 
water 

River at 
Sweet- 
water 
dam.

3.3
in t
6 Q
7 Q

3.4
ft 9

1.0
29.6
1.2
^ t

.0
.5
.0
.0
.0

5.0
19 1
IO C

O K

7.4
5.3
I ft

9 Q

.7
1.7
Q A

4 Q
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The run-off shown in this table for the mountain drainage areas 
above the major river'valleys ranges from 0.6 to 22.9 per cent of the 
precipitation, the average being about 11 per cent. The pe^* cent of 
run-off is largest on Santa Ysabel Creek near Ramona, where the 
average is 14.6 per cent.

The run-off from the combined mountain and foothill area drained 
by Sweetwater River above Sweetwater dam varies in different years 
from 0 to 29.6 per cent of the precipitation and averager" 4.9 per 
cent; it certainly does not exceed the average run-off from mountain 
and foothill areas of other major river basins in San Diego County.

SUMMARY.

The average annual precipitation in western San Diego County 
ranges from about 10 inches along the coast to 45 niches at the crest 
of the first range of mountains, increasing about 0.56 inch for each 
100 feet of increase in elevation. East of the first range the pre­ 
cipitation rapidly decreases to an annual average of about 18 inches 
in the high mountain valleys and is only slightly more than 18 inches 
on the second mountain crest. The range in annual precipitation is 
from about twice to one-half the average, and the range in annual 
run-off is from about three times to less than one-tenth the average.

The aggregate depth of precipitation required to produce the first 
run-off in any season varies, so far as indicated b"y the records, from 
1.4 to 11.3 inches, the amount depending on the character of the 
stream, on the precipitation in the preceding year or years1 and on 
the intensity of the early storms.

The data indicate that the proportion of the precipitation hi 
mountain areas that is discharged as run-off ranges from 0.6 to 22.9 
per cent and averages about 9 per cent. From one area that includes 
mountains, foothills, and valleys, the average is about 5 per cent.

EVAPORATION.

By C. H. LEE. 

EVAPORATION FROM WATER SUBFACES.

Records of evaporation from large water surfaces have been kept at 
several places in San Diego County. The earliest published record 
was obtained in the years 1889 to 1892 by the San Diego Land & 
Town Co. from a pan floating on the surface of Sweetwater reservoir 
near National City. The method of observation is well described 
in the following extract from a letter sent to the write"* by Mr. 
Charles L. Fulton, who was at the reservoir during a part of the 
period and who made some of the observations. For a number of 
years Mr. Fulton has been the resident keeper of the Sv^eetwater
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dam and reservoir for the Sweetwater Water Co., the successor to 
the San Diego Land & Town Co.:

The pan consisted of a section of 36-inch pipe closed at the bottom and securely 
fastened to a float or raft in the reservoir, and so arranged as to guard against ordinary 
stormy or rough water. In the center of this pan was an iron rod, the upper end of 
which was pointed. The zero point of the pan then was the top of this pointed rod, 
and at the beginning of the week the pan was filled to the point. At the end of the 
week, the pan was filled to the point again by dipping water from the lake with a 
quart measure, careful account being kept of the number of quarts needed to fill the 
pan to the required point, this later being referred to a table for conversion to inches. 
If the rainfall was less than the evaporation, rainfall would be added to the measured 
evaporation for total evaporation. If the rainfall was in excess of evaporation the 
excess was dipped out and measured to the zero point of the pan. Then this was de­ 
ducted from the weekly precipitation to calculate the evaporation.
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FIGURE 8. Comparison of evaporation with temperature and precipitation at IT^eetwater dam.

The record as originally published1 is reproduced in Table 25 and 
shows an average annual depth of evaporation of *58.7 inches during 
the four years. 1889-1892. The record indicates that annual varia­ 
tions in depth of evaporation are of very minor importance. The 
variations from month to month, however, are considerable, the 
depth of evaporation changing in conformity with the annual change 
in temperature and to a slight extent with humidity during storm 
periods. (See fig. 8.)

1 U, S. Geol. Survey Water-Supply Paper 81, p. 334,1903.
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TABLE 25. Evaporation from free water surface at Sweetwater reservoir, 1889-1892. 

[Pan floating on surface of reservoir at elevation of 200 feet.]

Month.

April................
May................

July................

1889

Depth 
in 

inches._

1.99 
3.34 
3.38 
4.96 
5.82 
6.81 
7.40 
8.25 
7.36

aS.OO 
4.80 

a .25

57.36

Per 
cent 

of
year's 
total.

3.46 
5.82 
5.90 
8,65 

10.14 
11.59 
12.89 
14.40 
12.84 
5.23 
8.35 

.43

100.00

1890

Depth 
in 

inches.

1.59 
2.21 
3.28 
4.14 
6.14 
7.30 
7.38 
9.02 
6.48 
4.92 
5.54 
'1.85

59.84

Per 
cent 

of 
year's 
total.

2.65 
3.70 
5.48 
6.92 

10.26 
12.21 
12.35 
15.06 
10.83 
8.21 
9.25 
3. OS

100.00

1891

Depth 
in 

inches.

3.61 
1.35 
3.08 
3.71 
5.60 
6.03 
6.50 
8.89 
6.15 
6.31 
4.10 
2.75

58.08

Per 
cent 

of 
vear's 
total.

6.22 
2.33 
5.30 
6.39 
9.64 

10. 3S 
11.19 
15.30 
10.59 
10.85 

7.07 
4.74

100.00

1892

Depth 
in 

inches.

2.54 
1.39 
3.08
5.83 
4.67 
6.48 
8.81 
6.54 
6.27 
6.56 
4.77 
2.61

59.54

Per 
cent 

of 
year's 
total.

4.26 
2.34 
5.18 
9.77 
7.84 

10.89 
14.80 
11.00 
10.52 
11.02 
8.00 
4.38

100.00

Average.

Depth 
in 

inches.

2.43 
2.07 
3.20 
4.65 
5.56 
6.66 
7.52 
8~.18 
6.57 
5.20 
4.80 
1.87

51^ 71

Per 
cent 

of 
year's 
total.

4.15 
3.55 
5.46 
7.93 
9.47 

11.34 
12.81 
13.94 
11.19 
8.83 
8.17. 
3.16

100.00

» Heavy rains these months.

Observations by San Diego Land & Town Co. (See U. S. Geol. Survey Water-Supp'y Paper 81, 
p. 344, 1903.)

Under the direction of Mr. W. S. Post, chief engineer of the Cuya- 
maca Water Co., records of evaporation have been kept at La Mesa 
reservoir, about 8 miles northeast of San Diego, and at Cuyamaca 
reservoir, about 35 miles northeast of San Diego. The method of 
obtaining the records was the same as that used at Sweetwater 
reservoir, except that the pans were square instead of circular. The 
records as published,1 with the addition of data more recently ob­ 
tained by the company, are shown by Tables 26 and 27. TV 3 aver­ 
age annual depth of evaporation at the two stations is 66.1 and 76JO 
inches, respectively, during the three-year period 1913 to 1915. 
These records indicate somewhat greater annual fluctuation than at 
Sweetwater reservoir, but the monthly variations closely correspond. 
The evaporation is apparently greater at La Mesa reservoir than at 
Sweetwater, possibly because of lower humidity and higher tempera­ 
ture at the former station, although no observations are available 
definitely to show this condition. The greater evaporation at Cuya­ 
maca reservoir is obviously due to the proximity of the desert and 
its low humidity.

i Am, Soc. Civil Eng. Trans., vol. 80, p. 1909,1916.
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TABLE 26. Evaporation from free water surface at La Mesa reservoir. 
[Pan floating on surface of reservoir.]

Month.

April................
May.................

July.................

September...........

Year...........

1913

Depth 
in 

inches.

1.59 
4.23 
4.51 
6.19 
7.54 
6.98 
9.64 
8.45 
8.21 
6.46 
3.42 
2.70

69.92

Per cent 
of year's 

total.

2.3 
6.0 
6.4 
8.9 

10.8 
10.0 
13.8 
12.1 
11.7 
9.2 
4.9 
3.8

100.0

1914

Depth 
in 

inches.

2.37 
2.94 
6.15 
6.16
5.48 
7.76 
9.03 
8.26 
6.54 
4.47 
4.34 
2.37

Per cent 
of year's 

total.

3.6 
4.5 
9.3 
9.4 
8.3 

11.8 
13.7 
12.5 
9.9 
6.8 
6.6 
3.6

65.87 | 100.0

1915

Depth 
in 

inches.

1.73 
2.40 
4.99 
5.15 
6.45 
8.01 
9.34 
7.89 
6.02 
5.10 
4.11 
1.44

62.63

Per cent 
of year's 

total.

  2.8 
3.8 
8.0 
8.2 

10.3 
12.8 
14.9 
12.6 
9.6 
8.2 
6.6 
2.3

100.0

Average.

Depth 
in 

inches.

1.90 
3.19 
5.22 
5.83 
6.49 
7.58 
9.34 
8.20 
6.92 
5.34 
3.96 
2.17

66.14

Per cent 
of year's 

total.

2.9 
4.8 
7.9 
8.8 
9.8 

11.5 
14.1 
12.4 
10.4 
8.1 
6.0 
3.2

100.0

NOTE. Pan is a 3 by 3 foot standard pan 18 inches deep. Elevation, 480 feet. Observations by Cuya- 
maca Water Co.

TABLE 27. Evaporation from free water surface at Cuyamaca reservoir. 
[Pan floating on surface of reservoir.]

Month.

February. ...........

April................
May.. ...............
June.................
July.................
August..............

November. .......... 
December............

Year...........

19

Depth 
in 

inches.

9.25
8.18
7.94

6.86
5.63
2.85

13

Percent 
of year's 

total.

..........

19

Depth 
in 

inches.

«3.28
a 5. 46

7.20
5.60
7.53
8.99
9 on

10.76 
7.53
6.08
3.28 
3.94

79.55

14

Per cent 
of year's 

total.

4.12
6.85
9.05
7.03
9.47

11.29
12.46
13.53

7.66
4.12 
4.96

100.00

19

Depth 
in 

inches.

3.47
3.97
4.56
3.75
4.52
9.66
8.74

10.30 
7.16
8.30
3.99
4.88

73.30

15

Percent 
of year's 

total.

4.73
5.42
6.23
5.11
6.16

13.18
11.91
14.05 
9.78

11.31
5.45 
6.67

100.00

. A^rei

*. Depth" 
in 

inches.

3.38
4.72
5.88
4.68
6.02
9.30
8.94
9.67
8.12
7.08
4.30 
3.89

75.98

rage.

Percent 
of year's 

total.

4.45
6.21
7.74
6.16
7.92

12.23
11.77
12.73
10.69
9.32
5.66 
5.12

100.00

« Excessive rains overflowed pans; interpolated Jan. 13-20, 20-28, and Fe'j. 17-24.
NOTE. Pan is a 3 by 3 foot standard pan 18 inches deep. Elevation, 4,620 feet. Observations by the 

Cuyamaca Water Co.

An interesting comparison of the depth of evaporation from a pan 
floating on the surface of a large reservoir with that from a whole res­ 
ervoir surface, considered as an immense evaporating pan, can be made 
in connection with the .record obtained at La Mesa reservoir. The 
Upper Otay reservoir, situated at about the same elevation and the 
same distance from the coast as La Mesa reservoir and 11 miles farther 
southeast, was not drawn upon nor did it receive accessions during 
the period. January, 1913, to December, 1915. A record of the water 
level was kept at the reservoir and observations of rainfall were made 
at Lower Otay dam about 2^ miles away. The net movement of 
the reservoir surface after correcting for rainfall is considered due 
to evaporation from the surface of the reservoir, since the formation 
surrounding the reservoir is practically water-tight. The data
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have been compiled by H. A. WMtney l and are reproduced in 
Table 28. The depths of evaporation as measured in the pan at 
La Mesa reservoir and computed from reservoir levels as Upper 
Otay reservoir have been placed in parallel columns, together with 
the monthly and annual per cent of the former to the latter. The 
average for the three-year period is 94 per cent. Assuming that 
the factors affecting evaporation were the same at the t*^o reser­ 
voirs, that there was no underflow into or out from the Upner Otay 
reservoir, and that the rainfall on the Upper Otay reservor* was the 
same as at the point where the rain gage was maintained, it would 
appear that the rate of evaporation is slightly greater from a floating 
pan than from the whole of the large surface upon which the pan is 
floating. In a similar comparison in Owens Valley, Calif., between 
the evaporation from the surface of Owens Lake and a pan floating 
on the surface of Owens River, 20 miles north of the lake, conditions 
of evaporation being similar, the writer found the two to agree 
within 1 per cent. This subject requires further investigation, but 
the writer believes that a comparison made between a whole reser­ 
voir surface and a pan floating upon the surface of the same reser­ 
voir, if 'carried out under favorable conditions for measurement of 
reservoir stage, draft, and accession, would show the rate of loss from 
the whole reservoir surface to be very little less than that from the 
pan. The most important factor tending to make a difference 
is probably the higher temperature of water hi the pan d'tring the 
day, as compared with that of the surrounding water, resulting from 
the absorption of solar heat by the pan. Observations of tempera­ 
tures made by the writer have indicated that water temperatures in 
and surrounding the pan do not differ by more than 1° or 2° F. 
during the hot part of the day.

TABLE 28. Comparison of depths of evaporation, in inches, measured by floating pan at 
La Mesa reservoir with ihose computed from reservoir levels at Upper Otay reservoir.

February......

April...........
V&y..... .......

July............

September.....

November. ....
December......

A.
La 

Mesa
reser­ 
voir.

1.59
4.23
4.51
6.19
7.54
6.98
9.64
8.45
8.21
6.46
3.42
2.70

69.92

1913

B.
Upper 
Otay
reser­ 
voir.

2.50
3.00
3.00
4.30
5.00
5.80
8.70
8.00
6.00
5.00
6.10
3.70

61.1

Ratio

»'!
(per 

dent).

157
71
66
70
66
83
90
95
73
77

179
137

87.5

A.
La

Mesa
reser­ 
voir.

2.37
2.94
6.15

5.48
.7.76
9.03

6.54
4.47
4.34
2.37

65.87

1S14

B.
Upper 
Otay
reser­ 
voir.

2.70
3.40
5.90

7.20
6.70
8.80
8.00
7.00
5.00
3.40
2.70

67.50

Ratio--;
(per 

cent.)

114
116
96

109
131
86
98
97

107
112

78
114

102.5

A.
La

Mesa
reser­ 
voir.

1.73
2.40
4.99
5.15
6.45
8.01
9.34
7.89
6.02
5.10
4.11
1.44

62.63

1915

B.
Upper 
Otay
reser­ 
voir.

2.40
2.90
2.90
4.10
7.90
6.00
8.00
8.00
5.00
4.00
4.70
2.30

58.20

Ratio
>-*

(per 
cent).

139
121
58
80

123
75
86

101
83
78

114
160

93.9

j

A. La 
Mesa
reser­ 
voir.

1.93
3.19
5.22
5.83
6.49
7.58
9.34
8.20
6.92
5.S4
3.96
2.17

66.17

Average

B.
Upper 
Otay
reser­ 
voir.

2.53
3.10
3.93
5.03
6.70
6.17
8.50
8.00
6.00
4.67
4.73
2.90

62.26

Ratio

-S
(per 

cent).

131
97
75
86

103
81
91
98
87
88

119
134

94.2

i Am. Soc. Civil Eng. Trans., vol. 80, pp. 1894-1989,1916.
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In conclusion, it can be stated that the average annual depth 
of evaporation observed during short periods in floating pans at 
the three localities in San Diego County ranged from about 58 
inches near the coast to about 76 inches in a high valley that opens 
toward the desert at the crest of the divide. Variations in annual 
evaporation are very small. Variations in monthly evaporation 
generally follow variations in air temperature, with slight modifica­ 
tions resulting from abnormal humidity during stormy weather.

EVAPORATION FROM SOIL.

The relation between the depth of evaporation from r. large water 
surface and from damp bare soil is not direct, since the rate of 
evaporation from soil varies widely, depending on the depth of 
the zone of saturation below the land surface and tl a, height to 
which water is drawn by capillary action. The maximum depth 
from which water is drawn by capillarity ranges fo~ most soils 
between v 4 and 9 feet, depending on the character of the soil. If 
the depth to ground water is more than 9 feet, the evaporation 
from the soil is zero,1 according to the best experimental evidence, 
except as the surface is temporarily moistened by precipitation or 
flooding. If, on the other hand, the surface soil is permanently 
saturated, the rate of evaporation is but slightly less than, or pos­ 
sibly equal to that from a free water surface. This fact has been 
shown by the experiments of Ebermayer 2 and also recent experi­ 
ments by the United States Department of Agriculture and by 
the writer. If the surface is covered by close-growing plants or 
trees, the combined rates of evaporation and transpiration differ 
from that of bare soil. The determination of evaporation from 
soil moistened by ground water and of transpiration is thus impos­ 
sible without detailed information of conditions of surface and soil 
and depth to ground water throughout the area. Such information 
can be obtained only by careful and extended field surveys, and is 
beyond the scope of this report.

In this connection, however, the data presented later in this 
report (pp. 143-146) with regard to the annual replenisl ment of the 
closed basins represented by the major river valleys is of interest. 
As is shown, the porous alluvial fill of these valleys absorbs water 
from precipitation directly and from the streams that flow over 
the surface of the fill. It loses this water by evaporation from 
the surface layer of the fill as moistened by capillary water drawn 
up from the zone of saturation and by transpiration fron vegetation. 
Considered for a period of years, the average annual absorption 
equals the average annual loss. The average annual absorption can

1 Lee, C. H., U. S. Geol. Survey Water-Supply Paper 294,1912. 
* Hough, P. Bv, Report on forestry, U. S. Dept. Agr., 1877.
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be computed for the various major valleys, as explained on. pages 
143-146. In San Luis Rey Valley the average annual absorption has 
been determined as 14,450 acre-feet. The writer has made a detailed 
field examination of the surface of the valley fill of this valley below 
the gaging station of the United States Geological Survey near 
Pala and has segregated and mapped all lands from which soil 
evaporation and transpiration occur through part or all of tl ^ year. 
The total area of such lands was found to be 6,640 acre^1 . The 
remaining 1,006 acres of valley fill was bare land beneatl which 
the zone of saturation was at too great a depth for ground water 
to be drawn to the surface by capillarity. By dividing the average 
annual absorption of the valley fill by the land area from which 
this volume is annually dissipated into the atmosphere, it appears 
that the average depth of water lost each year is 2.19 feet This 
result checks within 10 per cent that reached independently from 
a detailed study of evaporation and transpiration from soil in this 
valley by using the principles developed by work in Owens Valley 1 
and other experiments, but modifying their application to conform 
with the local conditions as to soil, evaporation from free water 
surface, and type and density of vegetation. The natural conditions 
in other major valleys of San Diego County are similar to those in 
San Luis Rey Valley, although the ground-water supply has been 
more extensively used in some of them. This determination, how­ 
ever 2.19 feet can be considered as approximately representing 
the average annual depth of water discharged by evaporation from 
moist lands and transpiration from natural vegetation in the major 
river valleys of the county.

METHOD OF DISCUS SING GROUND WATER BY AREAS.

To facilitate discussion San Diego County may be divided into the 
following groups of areas with respect to the occurrence of ground 
water: (1) Major valleys, comprising the valleys of the six largest 
streams of the county; (2) minor valleys of the coastal belt; (3) minor 
valleys of the highland area; (4) Nestor and Chula Vista sea terraces, 
adjacent to San Diego Bay; (5) interstream areas underlain by 
Tertiary and older sedimentary formations; (6) highland areas under­ 
lain by crystalline rocks not covered by residuum; (7) highland areas 
in the gently sloping and level parts of which the crystalline rocks 
are overlain by water-bearing rock waste.

Although areas belonging to the first group constitute only a small 
part of the total area of the county, they are by far the most Important 
as sources of water supply. The other areas possess in, tito aggregate 
a greater quantity of stored ground water, but are not capable cf yield-

1 Lee, C. H., The determination of safe yield of underground reservoirs of the closed-basin type: Am. 
Soc. Civil Eng. Trails., vol. 78, p. 148,1915.
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ing large quantities at any one point, and hence are not adapted to 
utilization by big single plants. At many localities in these areas, 
however, small but reliable supplies of ground water can be obtained. 

Tl\e discussion of the ground water of the major river valleys 
includes descriptions of the topography and drainage of the valleys, 
underground reservoirs, the valley fill, form and fluctuations of the 
water table, yield of ground water, and methods of constructing wells, 
and it is followed by descriptions of the ground-water supply in the 
minor valleys and in other areas.

WATER IN THE MAJOR VALLEYS.

By C. H. LEE.

TOPOGRAPHY AND DRAINAGE OF THE VALLEYS. 

RELATION OF VALLEYS TO ADJACENT AREAS.

The major valleys of San Diego County, as here described, are the 
narrow, flat-bottomed valleys that extend inland fron? the coast 20 
to 25 miles and are traversed by streams that rise in tla n, culminating 
mountain ranges and discharge into the Pacific Ocean. The desert 
region east of the culminating ranges is drained in part into the Salton 
Sea and in part into the Gulf of California.

The streams that occupy the major valleys west of the divide, 
named in order from north to south, are Santa Margarita, San Luis 
Rey, San Dieguito, San Diego, Sweetwater, and Tia Juans rivers. (See 
Pis. XX to XXV.) From the valleys of these stream^1 steep slopes 
lead up to the bordering terraces or mountains. The range in which 
these streams rise has an average elevation above sea level of about 
5,500 feet, and in.a few places exceeds 6,000 feet. It is dissected 
by valleys and wide canyons into more or less isolated mountains, 
such as the Agua Tibia Mountains, the Palomar Mountains, and the 
Ysidro Mountains at the head of San Luis Rey River, the Volcan 
Mountains at the head of Santa Ysabel Creek, and t>e Cuyamaca 
Mountains at the head of Cottonwood Creek, which is a tributary of 
Tia Juana River in the United States.

The major valleys trend from northeast to southwest f.nd in general 
parallel one another, at intervals ranging from 3 to 15 miles, from the 
vicinity of the north line of the county to the international boundary 
(PI. II). Most of the valleys head in the highland are*, and extend 
more or less continuously to the coast. For the upper 12 to 18 miles 
of their length they are bordered by the mountains and foothills of 
the highland area, and for the lower 6 to 8 miles by tl e terraces or 
" mesas " of the coastal belt. The unconsolidated-alluvial material that 
underlies the floors of these valleys is porous and contains much 
ground water.
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The major valleys and their streams are among the valuable assets 
of San Diego County. The valley floors, though not desiraFe as 
places of residence because of their low elevation and liability to be 
overflowed, are well adapted to the raising of such field crops as alfalfa 
and vegetables and also to dairying. They comprise, in fact the 
'argest single bodies of land in the county adapted to such uses, and 
the local demand for their products will increase rapidly with, inr-ease 
;n the population of the adjacent slopes. The water, both srrface 
and underground, which these valleys afford, is their greatest element 
of value to the county. The most thickly populated parts of the 
county and the most productive agricultural lands depend either 
directly or indirectly on this water supply. The foothills and teTace 
lands are largely supplied by gravity from surface storage reservoirs 
^vhich are filled from the winter flow of the streams that traverf <*> the 
valleys. In periods of severe drought, when the supply of srrface 
^vater has proved insuflicient, heavy drafts have been made OTI the 
ground water stored in the fill of these valleys. In recent years 
pumping plants utilizing the ground waters have been establish ed in 
these valleys to provide water not only for the irrigation of the valley 
lands, but for domestic use and irrigation on the adjacent" mesa"" or 
terraces. Without the water supply available from these valleys, 
therefore, the foothills and coastal "mesas" of San Diego County 
would be practically uninhabitable.

COASTAL VALLEYS.

As shown by Plates XX to XXV, the major valleys cons^t of 
several more or less distinct parts. Where they cross formations of 
resistant rock they are narrow and in some places are deep canyons; 
where they traverse softer formations they are wide and flat-bottomed. 
Each of the principal rivers, therefore, passes alternately through 
narrow gorges and wide, steep-walled basins. A few of the canyons 
contain some valley fill; others, such as the canyon at the he«,d of 
Mission Valley, have floors of bedrock. The wide parts of the major 
valleys, formed where they cross the coastal belt, are referred to in 
this report as coastal valleys; those that are situated in the highland 
area are referred to as highland valleys. The coastal valleys extend 
inland from 6 to 8 miles from the coast and as a rule are broader than 
the highland valleys. The narrow, sand-floored canyons or roeky 
gorges that separate the coastal from the highland valleys are 4 to 6 
miles long.

The principal coastal valleys are Santa Margarita Valley below 
Deluz station on the abandoned Fallbrook branch of the Santa Fe 
Railway, San Luis Rey VaEey below Guajome ranch, San DieTuito 
Valley, Mission Valley (on San Diego River), Sweetwater Valley 
below Sweetwater dam, and Tia Juana Valley. These valleys lie
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entirely within the area underlain by sedimentary rocks (see PI. Ill). 
They vary in width from a quarter of a mile to 1^ mile? and are sharply 
separated from the bordering terraces or "mesas" by steep slopes and 
bluffs 200 to 400 feet high. Their floors are nearly level but slope 
downstream 9 to 12 feet per mile. Some of the valleys, such as Tia 
Juana, open directly into the ocean; others, such as San Luis Rey, a»?. 
contracted at the mouth, so that the stream finds its outlet to the 
ocean through a canyon. The areas of these valleys range from 4,380 
acres in Tia Juana Valley to 1,532 acres in Sweetwater Valley, the ag­ 
gregate area of coastal valleys in the county being 17,500 acres. (See 
Table 40, p. 151.) These figures represent the areas vnderlain by the 
main body of valley fill but do not include small tributary valleys.

HIGHLAND VALLEYS.

The highland valleys traversed by the major streams comprise the 
valley of San Luis Rey River between the east boundary of the Pala 
Indian Reservation and Bonsall, and possibly also the river valley 
within and between the Pauma land grant and the Rincon Indian 
Reservation, San Pasqual Valley and Santa Ysabel Creek Valley to 
Bernardo, the valley of San Diego River from the e^st boundary of 
El Cajon land grant to the Old Mission dam (including the valley of 
San Vicente Creek below Foster), and Dehesa and Jajnacho valleys on 
Sweetwater River. These valleys lie wholly within the highland area 
and are underlain by granitic rocks. Most of them are definitely 
outlined by steep rocky slopes and are surrounded by the irregular 
mountains and high valleys of the highland area. The valleys vary 
from a few hundred feet to half a mile in width, gome of the con­ 
necting gorges are barely 400 feet wide. The valley floors are nearly 
level but have slopes downstream of 13 to 25 feet per mile, the 
steepest slope being at the head of the highest valley on each stream. 
At the same relative distance from the coast the slopes in different 
valleys closely correspond. The areas of these valleys range from 
4,476 acres for the valley of San Luis Rey River tc 1,065 acres for 
the upper Sweetwater Valley, the. aggregate area of the highland 
valleys being 10,540 acres. (See Table 40, p. 151).

SURFACE WATERS.

The streams obtain most of their water from the upper parts of the 
highland area. Tributaries that enter farther downstream seldom add 
greatly to the flow of the stream. The main streams range in length 
from 40 to 55 miles. Their drainage basins, including highland area 
and coastal belt, range in size (excluding Tia Juana River, for which 
data are incomplete) from 780 square miles for Santa Margarita River 
to 181 square miles for Sweetwater River. The total area tributary 
to all the principal rivers (excluding Tia Juana River) is 2,280 square
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 niles (Table 29 and PI. XV). Comparison of this area with the 
ic'tal area of the major Talleys shows that the latter comprise only 

2 per cent of the tributary drainage basins.

""ABLE 29. Areas of drainage basins trilnitary to streams at gaging stations in San Diego
County.

Stream. ' j

V

Do........................................
Do........................................
Do........................................

Do........................................
Do........................................
Do........................................

i:?anta Maria Creek, ...........................

^^n Diego River ..............................

Do........................................
Do........................................

""an Vicente -Creek ............................

Do........................................
Do........................................

Otay River. ..................................

Gaging station.

'MVtoT *Pa1ft

plant).

^AQl* Ttal Wa.T

Foster.......................................

TbMlarea 
8*x>ve 
g-»?ing 
sf "m.

Square
miles. 

420±
780±
209
240

o322
465
563

12.8
6110
128
266
338
57.3
27.6
12.0

C102.0
<*203

375
431
74.9

«43.7
112

/181
98.6

246

a Formerly published as 318 square miles. 
6 Formerly published as 113 square miles.
c Area above diverting dam exclusive of 12 square miles tributary to Cuyamaca reservoir is 97 square 

miles.
A Formerly published as 208 square miles. 
e Formerly published as 40 square miles. 
f Formerly published as 186 square miles.

Precipitation of sufficient magnitude to produce run-off is krgely 
confined to the winter months January to April when the county 
: 3 visited by the general storms that are common to the whole Pacific 
«3oast. Kun-off is rapid and stream flow is at its maximum durir ? the 
storms. The principal streams seldom flow after the first of July, 
except San Luis Key River near Pala. As a result of the similarity of 
surface conditions and precipitation, the run-off of the streams is 
similar. The records of daily flow of San Luis Rey, Santa Ysabel, 
San Diego, and Tia Juana rivers in this region (PL XIX), slow a 
remarkable agreement both as to dates of critical stages of flov and 
relative rates of discharge.

SOILS AND VEGETATION.

The soil of all the valleys is composed of sand and silt delved 
mainly from the granitic rocks of the highland area but in part from 
the Tertiary formations of the coastal belt. Silty soils cover larger
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areas in the coastal valleys than in the highland valleys. This material 
has all been deposited at some time by the river t^at traverses the 
valley, and the fertility of the soil depends largely on the decomposi­ 
tion that has taken place.

Before they were settled and cultivated the valleys supported 
growths of willow, cottonwood, alder, and sycamore trees, and more 
or less underbrush. Salt grass, yerba mansa, and swamp vegetation 
occupied open areas where the water table (see p. 123) commonly stood 
within 5 feet of the surface. As a result of settlement and cultivation 
much of the original vegetation has been removed and replaced with 
field crops, but there still remain considerable areas of natural 
vegetation, especially in the upper San Luis Rey and Sweetwater 
valleys. The destructive effect in times of flood of removing tiees 
along the river channels is becoming more and more apparent.

The slopes of the culminating range are covered by brush of varying 
density but the valleys are bare except for range grasses. Groves of 
coniferous trees grow at elevations of 5,000 feet and higher. Scattered 
oak trees are common at all levels along the margins of valleys and 
in canyons and in all other localities where soil and water supply are 
favorable.

The surface of the coastal area is only gently undulating, the 
formations that underlie it consist largely of grave1 and sand inter- 
bedded with clay, and the soils do not readily absorb water. There is 
little vegetation other than the short range grass which grows during 
the rainy season.

UNDERGROUND RESERVOIRS. 

SOURCES OF WATER.

As compared with the valley fill, the rocks surrounding both the 
highland and coastal valleys are practically impervious to the pas­ 
sage of water. The crystalline rocks of the highlard area are dense 
and contain recoverable water only in the fissures that traverse them. 
The voids in the conglomerate and some of the sandstones of the 
sedimentary formations are filled with clay or other impervious 
material. Well logs and other data show that hard, impervious 
formations, undoubtedly the same as those that underlie the uplands 
adjoining the valleys lie beneath the valleys at depths nowhere 
exceeding 215 feet. These logs also show that underlying the valleys 
and fiTTing the basins formed by the bedrock there are bodies of 
porous, unconsolidated alluvial material which is composed of silt, 
sand, and gravel and is saturated with water almost to the surface. 
The water is derived chiefly by absorption and percolation of surface 
water as it flows over the valley fill; it escapes either by seeping into 
the stream channels at the lower ends of the basins, by underflow 
through the fill into the next lower basins, by -evaporation from the
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soil, or by transpiration from plant surfaces. Additions to the nipply 
are accompanied by a rise of the water table; withdrawals from the 
supply lower the water table. These relatively water-tight bedrock 
basins filled with porous material constitute reservoirs of underground 
water. It is as though the present valleys and canyons* were to be 
closed «,t their lower ends by high dams and the reservoirs thus 
formed were to be filled with sand and gravel transported I? the 
tributary streams. The capacity of such reservoirs to store water 
would be reduced thereby, but the action of the reservoir, its filling 
and emptying, and the rise and fall of its water surface, would differ 
but little from that of a surface reservoir.

The following discussion of these ground-water reservoirs includes 
descriptions of the valley fill, the form and fluctuations of the water 
table, yield of ground water, and methods of reconstructing we'ls.

THE VALLEY FILL. 

COASTAL VALLEYS.

Origin of {he deposits. Information concerning the valley fill is 
obtained from geologic formations, structural features exposed at the 
surface, and the records of materials penetrated in wells.

The geology and physiography of San Diego County indicate that 
the present position of the land with respect to the ocean level is one 
of many that it has occupied at various times. (See pp. 21-34.) The 
land surface has been both higher and lower than at present. At the 
time of its greatest elevation deep valleys were excavated, of which 
the present valleys are only the upper portions. The bottoms of 
these ancient valleys, though having the same general shape as at 
present, were narrower and deeper than those of the present vafleys, 
and they were traversed by rapidly flowing streams that were actively 
cutting and widening the canyons in which they flowed. In some 
places the streams flowed near the middle of the canyon bottoms 
without much tendency to work toward either side; in other places 
the current was so directed that it undercut one of the canyon walls. 
At such places steep slopes or cliffs were created, the upper p*rts of 
which can still be identified by the configuration of the valley and the 
steep slope of the bluff above the present valley floor, as, for example, 
at the north end of geologic section B-B (PL XXI) in Mission Valley 
(fig. 11, p. 114), at the south end of section A-A (PL XXI) in the 
same valley (fig. 12), and at and directly west of the south end of 
geologic section A-A (PL XXI) in San Luis Rey Valley (fij?. 14). 
As explained later (p. 115) these indications are of great assistance in 
determining the best places for wells in the valley fill.

When these valleys had been cut to depths of 400 to 500 feet the 
sea began to advance inland, submerging the land and converting 
the river valleys into narrow estuaries or salt-water bays. The
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rivers which formerly flowed rapidly through the; vallejs, carrying 
then* loads of gravel, sand, and silt to the old shoreline, now deposited 
great quantities of alluvial de'bris on the submerged valley bottoms. 
Most of the coarse sand and gravel was deposited at the heads of the 
bays, but the fine sands and silts were carried farther. Submergence 
continued followed by emergence of the land, "with the result tJmt 
to-day these inland bays are completely filled witt alluvial material 
which at the heads of some of the valleys has be^n built up to an 
elevation 100 feet above the present sea level. Thir have the ancient 
coastal stream valleys been converted into the modern underground 
reservoirs.

Tia Juana, VaUey. Prior to its submergence Tia Juana Valley was 
the largest of the coastal valleys, the bottom be;ng nearly a mile 
wide for a distance of 4 miles back from the present coast line (figs. 
9 and 10). The bedrock floor of the valley was almost level trans­

it too

1,000 4,000 S.OOO 6,000 
DISTANCE, IN FEET

EXPLANATION

8,000 9,000

Sand,coarsetofine ^.=ra . . 
( water bearing) (water bea ring)

FIGTJKE 9. Diagrammatic cross section of Tia Juana Valley along line E-E, Plate XX.

versely and consisted of the upper surface of a layer of dark-colored 
shale which contains many fossil shells and which, because of its 
consistency when brought to the surface in driUir«? operations, the 
well drillers call " black mud." This material underlies a consid­ 
erable portion of the valley and adjacent areas, as shown by logs of wells 
O 133,0121, O 124,0 112, O 42, and others (Pis. XT'VI and XXVII). 
The valley fill consists of a continuous layer of coarse gravel and 
boulders of the size of cobblestones, from 10 to 3f feet thick, over­ 
lain by layers of sand and silt. The sand grains range from coarse 
to fine, the percentage of coarse sand being much greater at the 
upper end of the valley than at the lower. The sand and silt are 
roughly bedded, although the beds do not appear to be continuous 
over large areas. The thickness of the sand varies from a max­ 
imum of 90 feet at the lower end of the valley to less than 50 feet 
at the upper end. The total depth of the fill in the lower part of 
the valley is about 100 feet; its depth in the upper part of the valley 
is not known, but is probably somewhat less than in the lower part,
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The fill of the main valley has obviously been deposited by the 
main Tia Juana River. Along the margin of the valley, particularly 
opposite tributary canyons from the "mesas," clay and fine wash 
material are intermingled and interbedded with the fill of ihe main 
valley, as shown by logs of wells O 139, O 134, O 133, O 131, and 
others (PL XXVII). In some places accumulations of boulders, 
more or less embedded in clay or mud, have been encountered in 
drilling at the mouths of these canyons. Tfyese deposits do not 
extend far out into the valley and are to be expected opposite and 
just below the mouths of tributary canyons. Along the north edge 
of the valley, beginning at a point about a mile southeast of Nestor 
and extending west (PI. XX), the valley floor is underlain by bed­ 
rocks like those that underlie the "mesa" to the north, as illustrated 
in the geological cross section along the line E-E of Plate XX, figure 9.

200

a 100

San Pi ago for natioff %
Tertiai fl gjpggj|g

1,000 a,ooo 4,000 5,000
D1 STANCE, IN FEET 

EXPLANATION

6,000 7,000 epoii

Sand .coarse to fine Gravel , Poorly. 
(waterbearing) (waterbearing) clayey

FIGURE 10. Diagrammatic cross section of Tia Juana'Valley along line F-F, Plate XX.

The entire valley fill is saturated with water, as are also the bed­ 
rocks adjacent to the valley on the north and lying below til o water 
table in the main valley. All these materials, however, do not 
yield water with equal readiness. The best water-bearing material is 
the layer of gravel underlying the main valley and far enough away 
from the margin to be free from fine material washed in from small 
lateral canyons. This is the formation from which most of the best weUs 
in the valley draw their water. The coarser sands that overlie the 
gravels are next in value as water bearers, particularly in tl °> upper 
part of the valley, although good wells drawing from bo^ gravel 
tnd sand have been obtained west of the north-south "road that 
crosses the valley south of Nestor. The most successful i^eUs ob­ 
taining water from sand are those around which gravel 1 as been 
worked down so as to increase the intake area and to prevent sand 
from entering and clogging the wells.

The limits of the deep valley fill of Tia Juana Valley are indicated 
on Plate XX. Wells near the margins of this area on the north and

115536° 19 WSP 446  8



114 GROUND WATERS OF WESTERN SAN DIEGO COUNTY, CALIF.

south side of the valley may encounter poor water-bearing material. 
Wells out in the main valley, however, will encounter materials such 
as have been described above and are shown in figure 19 and 
figure 10. The logs of 16 typical wells in the deep fill of the valley 
(shown in Plate XXVI) indicate very clearly the d;fferent forma­ 
tions to be found hi various parts of the valley. The water-bearing 
possibilities of the formations underlying the mesa to the north of 
the valley are described under "Ground water on Neptor and Chula 
Vista terraces," page 181.

Sweetwater VaUey. Prior to submergence Sweetwater Valley was 
very narrow, the bottom being only a few hundred feet wide. In 
general the fill resembles that of Tia Juana Valley. In the lower 
part of the valley the depth of sand is about 60 feet. The layer of

2,500 30OO

DISTANCE, IN FEET 

EXPLANATION

Sand (water bearing) Gravel (water bearin|) Mud 

FIGUBE 11. Diagrammatic cross section of Mission Valley along line B-F - Plate XXI.

gravel and boulders beneath the sand in the bottom of the ancient 
valley exceeds 7 feet in depth. In five wells near Sweetwater Junc­ 
tion (O 72) the total depth of the fill was found to be more than 67 
feet but less than 80 feet. In the upper part of the valley the sands 
are much coarser but no logs were obtained of wells that penetrated 
to the gravels. The total depth of the fill is probaWy less than in 
the lower part of the valley. The limits of the valley fill are shown 
on Plate XX. The best places for wells will be found in areas under­ 
lain by coarse sands or by gravels lying at the bottom of the ancient 
valley.

Mission VaUey. Prior to submergence, Mission Valley had a bot­ 
tom width varying from 900 feet just below San Diego Mission (fig. 11 to 
1,500 feet at Old Town (fig. 12). Above the mission the width is 
probably less than 500 feet. The floor of the ancient valley was 
formed by the relatively impervious formations that underlie the
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mesa on either side of the valley, as is shown by the logs of wells 
K 64, K 93, K 95, K 97, and K 105 (PL XXVIII, fig. 13, and PL XXI). 
The valley fill is similar to that of Tia Juana Valley as is shown by 
figures 11, 12, and 13. The gravels lie on the floor of the ancient 
valley, just as in the Tia Juana Valley. The depth of the gravels 
ranges in general from 10 to 20 feet, the depth of the overlying sand 
from about 20 feet at the upper end of the valley to about 6£ feet at 
the lower end and the total depth of the fill from about 40 feet at the 
upper end of the valley to nearly 80 feet at the lower end (fig. 13). 
The existence of interbedded clay and other fine material in th^ valley 
fill opposite lateral canyons is shown by the log of well K 75 near 
Old Town (fig. 12). Deposits of this kind may be encountered in the 
vicinity of other lateral canyons. This material does not yield water 
readily and is to be avoided in locating wells. The bottom of the

1,500 E.OOO 2,500 

DISTANCE, IN FEET

EXPLANATION

3,000 3,500 4.000

Fine sand with local deposits
of boulders and mud from

tributary streams

Gravel

12. Diagrammatic cross section of Mission Valley along line A-A, Plate

old valley does not, as a rule, lie beneath the middle of the present 
valley, but swings from side to side, its position depending on the 
direction of the current of the ancient stream. Its probable position 
can be determined in some places by a study of the walk of the 
present valley. Where it is not possible to do this, the logs of adja­ 
cent wells are the only guide. Wells that do not penetrate the gravels 
at the bottom of the old valley yield small supplies and aro not so 
satisfactory as the deeper ones.

It is much more difficult to determine the best places for wells in 
Mission Valley than in Tia Juana Valley, because the ancient Mission 
Valley was narrower and more winding. The logs of 21 wells in the 
deep fill of Mission Valley, shown in Plate XXVIII, indicate the dif­ 
ferent formations to be found in various parts of the valley. The 
limits of the deep valley fill are shown in Plate XXI. It si ould be 
noted, however, that these limits are considerably wider than the 
bottom of the ancient valley and that all wells put down wittin these
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limits will not penetrate the gravels. Other 
wells not shown on Plate XT^Vin, of which 
mcomplete information was obtained, are 
as follows: Well K 31, 26 feet deep, passes 
through sand and ends in coarse gravel; 
well K 110, 20 feet deep, also passes 
through sand and ends in coarse gravel; 
well K 36, consisting of a group of five 
wells, said to be from 62 to 78 feet deep, 
all end at a bed of cobblestones cemented 
with clay.

San Dieguito Valley. San Dieguito Val­ 
ley is much shorter than Mission Valley, 
but the conditions hi it ar^ similar. No 
well logs were obtained, but it is probable 
that the width of the ancient valley bot­ 
tom and the depth and character of the fill 
resemble those of Mission Valley. The 
limits of the deep valley fill are shown ap­ 
proximately on Plate XXIII.

San Luis Rey VaUey. Prior to the sub­ 
mergence San Luis Rey Valley was deeper 
than any of the coastal valleys to the south 
and had, in fact, the character of a canyon. 
The floor of the ancient canyon and that 
part of its walls which is now covered by 
valley fiH were formed by strata which un­ 
derlie the beds that outcrop in the walls 
of the present valley and which are in gen­ 
eral similar to these beds. (See pp. 53-66.) 
The width of the old canyon bottom is ap­ 
proximately 1,500 feet, as is indicated in 
the cross section along the line A-A, Plate 
XXV (fig. 14). The fill resembles generally 
that of the other valleys to the south. At 
the section along the lin«, A-A a more 
pronounced segregation of fine material is 
exhibited than in any other valley. At the 
bottom is a layer of water-bearing gravel 
about 20 feet thick; above this is a layer of 
sand and fine gravel about 70 feet thick; 
and above this a layer of fine sand, quick­ 
sand, or mud 125 feet thick extends across 
the full width of the valley. The maxi-
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mum depth of the fill along this line is 215 feet. (See also £g. 15.) 
The log of well F 12, as recalled from memory by the driller, rhowed 
bedrock at a depth of about 200 feet overlain by 40 feet of gravel, 
the material above the gravel being sand and silt. Wells T^est .of 
San Luis Rey Mission are reported to have reached a depth of about 
200 feet in the valley fill. Well F 4 is said to have encountered 16 
feet of gravel at the bottom of the fill, the fill being overlain ty sand 
and resting on bedrock at.a depth of 168 feet. A well 4 miles up 
the canyon, near the mouth of Gopher Canyon, encountered I ̂ drock 
at 58 feet, the material of the fill being sand with two shallow layers 
of gravel down to a depth of 46 feet, followed by a 12-foot layer of 
gravel and boulders. Apparently the fill ranges in maximum depth 
from about 170 feet at the head of the valley just west of the Guajome 
ranch to about 215 feet in the lower part of the valley. The narrow

1,000 3,000 4,000 5,000 

DISTANCE, IN FEET

EXRLANATION

6,000 7,000 8.00O

Fine sand Sand and fine gravel Gravel (water bearing} 
in layers (water bearing)

FIGTJRE 14. Diagrammatic cross section of San Luis Rey Valley along line A-A, Plate 3*XV.

width of the old canyon bottom, the resulting small area covered by 
the gravels, and the unusually large proportion of overlying fine 
material render it very difficult to place successful wells. Th^ only 
wells from which a good yield is assured are those that penetrate to 
the gravels. The same methods can be followed in determining the 
position of the channel as were suggested for Mission Valley, but 
owing to the greater width of the modern valley, however CP1. XXV), 
the problem is more difficult than in Mission Valley.

Santa, Margarita Valley. Although Santa Margarita Valley was 
not carefully studied, conditions in it are supposed to be similar to 
those in San Luis Rey Valley. Wells in this valley are said to reach 
bedrock at a depth of about 200 feet, a fact indicating that the depth 
of the fill is about the same as in San Luis Rey Valley. Inspection 
of the limits of the valley fill as shown on Plate XXV suggests that 
the bottom of the old canyon is little if any wider than in that valley.
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SAN LUIS REY VALLEY UPPER SWEETWATER VALLEY
/                                   w          "     ~  > 
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HIGHLAND VALLEYS.
i

The major river valleys of the highland area are ancient valleys 
which at some stage of their geologic history were mountain canyons 
and which have been filled to their present levels with alluvial debris 
deposited by the streams that enter and traverse them. The ancient 
canyons were cut into the granite rocks that underlie the modern 
fill. These canyons were more or less winding and of varying' width. 
They were, in fact, similar to the many canyons that can be seen 
to-day in the highland area. The filling of the ancient canyons 
resulted from diverse causes, and they will be described separately.

Upper Sweetwater Valley. -On the west upper Sweetwater Valley 
is limited by the chain of hills, composed of porphyry, which extends 
along the margin of the coastal plain from the international boundary 
almost to the San Luis Rey River. The porphyry is exposed in the 
present bed of Sweetwater River in the canyon at the Sweotwater 
dam, where the stream cuts through the formation, but above the 
canyon the old rock bed of the stream is covered by valley fill. No 
logs of wells that penetrate the entire thickness of the fill ha^e been 
obtained in this valley. Well L 102 (fig. 15) passed mostly through 
coarse water-bearing sand, and reached a depth of 50 feet vdthout 
encountering bedrock. The four wells designated L 100 are spaced 
100 feet apart in a line across the channel of Sweetwater River. 
They are 45 feet deep and only the well nearest the hill on the south 
reached bedrock. The material was coarse sand and silt in layers. 
Well L 41 reached a depth of 34 feet in coarse sand and grave1 with­ 
out reaching bedrock. The 18 wells designated P 24 are 38 feet in 
average depth, but no information was obtained as to bedrock. So 
far as "known, the fill consists chiefly of fine and coarse sand with 
occasional layers of fine gravel. The coarse sand predominates, 
particularly in the upper part of the valley. The total deptl of fill 
is probably not more than 80 feet at the upper end of the valley and 
probably much less toward the lower end, below Jamacho.

Upper San Diego River vattey. The geologic history of upp^r San 
Diego Valley is probably somewhat similar to that of upper Sweet- 
water Valley. (See fig. 13 and PI. XXIX.) An interesting fea­ 
ture of the fill is a deposit of clay, merging upstream into gravel 
and boulders more or less cemented with clay, that underlSs the 
sand for the first 5 miles above the Old Mission dam. This deposit 
suggests the former existence of a body of still water behind the 
range of porphyritic rocks, into which the river discharged. The 
coarser material transported by the river would naturally be depos­ 
ited at the upper end of the lake and the finer material wo^ld be 
carried out and spread over the lake bottom. The filling of tH lake 
and subsequent aggradation would result in the accumulation of
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coarse de*bris over the surface formerly occupied by the lake, while 
the fine material, held in suspension by the flowing water, would be 
carried on through the basin. This process would ultiir ately build up 
alluvial debris to the new grade of the river under the changed con­ 
ditions. This action is suggested by the profile of the valley fill as 
shown by figure 13. The water-bearing part of the valley fill the 
sand and fine gravel overlying the clay and cemented gravel varies 
in depth from a few feet at the lower end of the valley to more than 
100 feet above the mouth of San Vicente Creek, opposite Lakeside. 
Four drilled wells, designated L 74 (PL XXII), pass through coarse 
sand and gravel. One of these wells is said to be 111 f e^t and another 
129 feet deep. Three wells designated L 73 are about 45 feet deep 
and end in coarse sand. Wells "L 7 a to L 7 d are 70 feet deep and 
end in coarse sand. Five wells designated L 69 are reported by the 
driller to be 80 to 85 feet deep and to end in coarse sa nd. The logs 
of other wells are shown on Plate XXIX. The sand becomes finer 
toward the lower end of the valley, particularly below Kiverview 
Station, and in some wells considerable trouble is caused by clogging 
of screens with fine material.

The character and depth of material in the fill of Foster Valley along 
San Vicente Creek are indicated by the following information fur­ 
nished by owners or drillers of wells. The five drilled wells designated 
L 60 (PI. XXII) end in clean coarse sand mixed with gravel and at 
an average depth of 95 feet. Well L 61, 78 feet deep, passes through 
40 feet of sand and gravel, 10 feet of black mud or silt and 28 feet 
of sand, gravel, and boulders. Well L 62, 77 feet de°ip, penetrates 
about 30 feet of black mud similar to that in well L 61. Wel L 64, 
78 feet deep, passes through 40 feet of silt and sand, fine to coarse, 
merging into boulders 8 to 10 inches in diameter at the bottom.

San Pasqual VaUey. The history of San Pasqual Valley is similar 
to that of the upper Sweetwater and San Diego river valleys, 
although it affords no indications of the existence of such a body of 
still water as may have existed in upper San Diego River valley. The 
depth to bedrock has not been determined, as few if any of the wells 
in the open valley reach the granite. The following wells, whose 
location is shown on Plate XXIV, indicate the character of the fill. 
Well H 30, 150 feet deep, passed through sand and silt to a hard 
boulder or bedrock which was too hard to drill with the sand bucket. 
The depth of the fill in the main valley probably exceeds tiiat of the 
tributary canyon in which this well is located. The material 
encountered was much finer in this well than in the main valley 
and the well has never been used on account of its small yield. 
Well H 33, 60 feet deep, penetrated sand and gravel. Well H 35, 
86 feet deep, passed through sand, gravel, and silt, with boulders at
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the bottom. Well H 2, 40 feet deep, passed through sand which 
was coarse at the bottom. Well G 31, 77 feet deep, passed through 
6 feet of clay and then through sand and gravel, with large boulders 
at the bottom. Well G 30, 52 feet deep, penetrates sand, silt, and 
gravel, the formation at the bottom being coarse sand and boulders. 
Well G 29, 80 feet deep, encountered silt for the first 10 feet, very 
coarse sand for 30 feet, coarse to medium sand rather sticky and 
yielding water slowly for 30 feet, and decomposed granitic bedrock 
for the last 10 feet. Wells G 31, G 30, and G 29 are all in a tributary 
valley, but their records give information in connection vdth the 
probable depth of the main valley. Well G 33 is 93 feet d<^ep and 
passed through silt and sand, the latter being coarse at the bottom. 
Wells G 35 and G 34 are 45 feet deep and pass through s^nd and 
gravel. The sand of the main river valley yields water readily.

Upper San Luis Rey Valley. The fill of upper San Luis Hey Valley 
has unbroken connection with the fill of the coastal valley (P!\ XXV) 
and evidently occupies a deeper valley or canyon which was formerly 
a continuation of the ancient coastal valley. Filling has resulted from 
submergence. Well logs show that the depth of the fill in the canyon 
below Bonsall is 60 feet. Well C 41 is 75 feet deep and passes through 
coarse sand and fine gravel. According to the driller the eight wells 
designated C 8 encountered bedrock at 60 feet and penetrated sand 
with boulders at the bottom. Well C 2 (fig. 15) encountered coarse 
gravel and boulders to a depth of 63 feet without reaching bedrock. 
Where the present valley is wide the best water-bearing material 
would probably be found near the old channel.

  POROSITY.

The voids between the particles of silt, sand, and gravel composing 
the valley fill of the principal river valleys contain the stored ground 
water. The percentage of porosity varies in different materials and 
even in different parts of the same material, according to the relative 
size and arrangement of the individual particles. Experiments made 
by the writer on 36 samples from the fill of the major river valleys of 
San Diego County, the material varying from coarse sand to silt, 
indicated total voids expressed as per cent by volume as follows: 
Coarse sand, 39 to 41 per cent; medium sand, 41 to 48 per c^nt; fine 
sand, 44 to 49 per cent; fine sandy loam, 50 to 54 per cert. The 
average porosity of all 36 samples was 45.1 per cent. Tt^ classi­ 
fication of materials is that used by the Bureau of Soilr of the 
United States Department of Agriculture. These percentages repre­ 
sent the porosity of the material under natural condition as1 to size 
and arrangement of grains. The method of determining porosity 
was as follows:
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A pit was dug to the level from which it was desired to take the 
sample, a part of the bottom being excavated to a further depth of 
about a foot so as to leave a vertical face; a metal cylinder 5f inches 
in inside diameter and 9 inches long, the lower edge being beveled 
from the outside so as to make a cutting edge, was pressed down 
vertically, cutting out a core of undisturbed material; the material 
was then carefully dug away from the front of the cylinder and a 
stiff sheet of metal pushed under to cut off the sample at the bottom 
of the cylinder; the metal plate and cylinder were then removed and 
the top of the sample was leveled off. This method gave a sample of 
the known volume as it existed in its natural state. The sample was 
then oven-dried and the specific gravity of a selected portion deter­ 
mined. The porosity was then computed by the following formula:

P=100 0-w)
in which P = Porosity expressed in percentage

w = Specific gravity of the dried sample
W = Average specific gravity of the minerals comprising the 

sample.

A certain proportion of the moisture that occupies tl -e voids of any 
saturated porous material does not readily drain out, even when the 
zone of saturation has fallen below the depth from which the capillary 
rise of water is rapid. This moisture can not be extracted by pump­ 
ing nor does it represent water that drains out and is replenished 
during the natural fall and rise of the water table. To determine the 
water-retaining capacity of various valley-fill materials, six experi­ 
ments were made after the annual summer lowering of the water 
table had taken place. The water-retaining capacity was found to 
range from 6 to 10 per cent in the coarse, medium, and fine sands, but 
no finer materials were examined where the depth to the water table 
was great enough to enable the field capacity to be determined with 
certainty. Etcheverry,1 quoting from Widtsoe's extensive experi­ 
ments, gives the water-retaining capacity of sandy loam as 14J per 
cent by weight, which is equal to about 22 per cent by volume, and 
this percentage can be considered as representing roughly the condi­ 
tion in sandy loam soils of the major river valleys under consideration. 
The total volume of water that might be drained from the valley fill 
by the slow lowering of the water table can be estimated as ranging 
from about 33 to 37 per cent by volume. Such complete drainage, 
however, requires considerable time, and the relatively quick drainage 
resulting from the artificial lowering of the water table by pumping

i Etcheverry, B. A., Irrigation practice and engineering, vol. 1, p. 4, New York, l^Graw-Hill Book Co., 
1915.
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undoubtedly represents the extraction of far less of the total water 
content. In practice the proportionate volume that could be ex­ 
tracted from the valley fill of the major valleys probably does not 
exceed 20 to 25 per cent. In other words, a general lowering: of the 
water table of 1 foot by pumping would represent, on the average, an 
extraction of 65,000 to 81,000'gallons from each acre of valley fill.

The method used by the writer for determining the water-retaining 
capacity was as follows: Pits were sunk to the ground wi.ter at 
points selected so as to give differing distances to the water table and 
differing types of material. Samples of the material were taken at 
intervals of a foot from the surface down to the water teble, as 
described above for porosity samples. The initial weight of the 
samples with the contained moisture was ascertained immediately 
after removal from the pit, and the dry weight was obtained after 
oven drying; the difference in weight, representing the retained 
water expressed as a percentage by volume, gave the percentage of 
retained water by volume when divided by the initial volume of the 
sample. This percentage was found to vary at different distances 
above the water table. The maximum was at the water table, where 
the material was saturated and the percentage of initial moisture was 
practically equal to the total porosity of the material; the minimum 
occurred near the surface of the ground but at a depth sufficiently 
great to be beyond the range of evaporation. It was found that by 
representing the data graphically, the water-retaining capacity of 
samples ranging from coarse to fine sand could be approximately 
ascertained by inspection. The zone of saturation was too n3ar the 
surface, however, to enable this to be done with finer materials.

The volume of water represented by the annual rise and fall of the 
zone of saturation was computed from these same diagrams. For the 
average annual fluctuation of approximately 3.5 feet, it was found 
that the effective porosity that is, the difference between tte total 
porosity and the water-retaining capacity ranged from an rverage 
of 41 per cent for sand of differing grades and with differing depths 
to the water table, to 16 per cent for fine sandy loams. The rverage 
for the six typical conditions studied was 34 per cent.

THE WATER TABLE. 

FORM AND SLOPE.

The water table is the surface below which the voids of any extended 
body of porous material are completely filled with water. Although 
the voids above the surface usually contain either capillary or hydro- 
scopic water, such water ocqupies only a portion of the total void 
space. The water table of an underground reservoir corresponds 
to the surface of an ordinary lake or reservoir. It is seldom a level
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surface, however, as is an ordinary water surface, but has an appre­ 
ciable slope which varies at different places and at the same place at 
different times of the year. In general, in the major valleys, it has 
the slope and to some extenjb the form of the ground surface, although 
important differences exist. Its depth below the surface in the major 
valleys of San Diego County varies at different times of the year and 
hi different parts of the valleys from a few inches to PS much as 20 
feet, but the average depth is close to 5 feet. The position of the 
water table is represented by the level of standing water in wells.

Knowledge of the position, slope, and fluctuation of the water table 
is essential in the study of ground-water problems. To obtain such 
information the writer selected 87 wells hi the major river valleys 
of San Diego County, and made observations of the depth to the water 
level at intervals of one month or less from September, 1914, to 
August, 1915. In upper Sweetwater Valley the Sweetwi.ter Water Co. 
cooperated in making observations on' the selected wells. Observa­ 
tions were also made by the writer at 34 wells that had been more 
or less regularly observed since 1912 by the United States Geological 
Survey, the Vulcan Land & Water Co., and the Cuyamaca Water Co. 
Observations were also made at a well observed prior to September, 
1914, by Mr. Lebert, of San Diego. The total number of wells 
observed during the season 1914-15 was 122. The location of each 
of these wells is shown on Plates XX to XXV. Wells were selected 
which were representative of ground-water conditions in the vicinity 
and which, with other wells, would give comprehensive information 
in regard to the water table over whole valleys. Wells that were not 
likely to be influenced by abnormal local conditions, such as pumping 
or irrigation, were preferred to others. A permanent bench mark 
was chosen at each well from which vertical measurements to the 
water surface could be made with a steel tape. The accurate eleva­ 
tion above sea level of all bench marks was determined instrumentally 
from the nearest bench mark of the United States Geological Survey, 
and all, water-level observations were referred to sea level.

A complete list of wells in which a series of water tavel measure­ 
ments were made is given by number, in Table 45 (p. 209), together 
with the location, owner's name, class of well, depth of veil, elevation 
of ground surface, description and elevation bench mark, geologic 
source of water, and local conditions of surface and vegetation. 
This table includes records of all wells observed by the waiter, not only 
in the fill of major valleys but also in other water-bearir5 formations^ 
The column headed "geologic source of water" designates the forma­ 
tion from which the well derives its water, the terms "deep valley 
fill" and "shallow fill or major river valleys" both applying to wells 
in the major river valleys. These terms are used to d : Hinguish the
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deeper parts of the fill or major river valleys, in which the best water­ 
bearing formations occur, from the shallower parts in whicl the fill 
is thin and contains but little gravel or coarse sand. The approximate 
limits of each of these formations is shown on Plates XX to XXV.

The individual observations at all record wells are too numerous 
to be presented in this report, but summaries and typical records 
are given in Table 30, covering observations during the period 
September, 1914, to August, 1915, and Table 31, which covers the 
period March, 1912, to August, 1915. The fluctuations am shown 
graphically in Plates XXX to XLII and figures 16 to 18.
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TABLE 31. Summary of ol«*roa,1&ons of water 

[For summary for wells observed

Well 
No.

1/90... 

1,76...
L65... 
L67... 
L68-b.

K107&. 
K 114c.

L70/.

1, 92... 
K117..

Lllff.. 
L66...

H5...
H32.. 
H31..

HI...
G32... 
L7-a.

L7-b. 
L7-c. 
L7-d. 
L75*. 
CIO.. 
C9....
B 10.. 

Bll.. 

F 21/..

F20A. 
F19... 
F17... 
F16... 
F3... 
F13... 
Fll...

Geologic source 
of water.

Deep fill of major 
valley .........

.....do..... __ .

.....do........... 

.....do........... 

.....do...........

.....do...........

.....do........... 
Shallow fill of 

major valley... 
Deep fill of major 

valley ......... 
Residuum....... 
Fill of minor 

valley.........

Deep fill of major

.....do...........

Deep flllof major

Residuum....... 
Deep fill of major 

valley ......... 
.....do........... 
.....do........... 
.....do...........
.....do...........
.....do...........
.....do...........
Fill of minor val-

Shallow fill of 
major valley. . . 

Deep fill ol major

.....do........... 

.....do........... 

.....do........... 

.....do........... 

.....do........... 

.....do.. v . ...... 

.....do...........

Eleva­ 
tion of 
ground 
surface 
(feet).

317.50 
394.00
412.00 
414.00

5.70
54.00 

270.00

410.00 
325.00

318. 83 
354. OJ

412.00 
419. 14
420.28 

381.97
O7Q OO

(350.)

438.20 
437.80 
437.70 
437.00
498.40 
313.00 
265.00

111.50 

79.30

66.90 
63.55 
54.00 
47.82 
41.00 
32.10 
26.80 
12.22

1912

Highest level 
observed.

Date.

...............

...............

...............

...............

Apr. 19,1912 
Apr. 12,1912

Apr. 15,1912 

Apr. 19,1912

May 21,1912 
.....do........ 
Apr. 15,1912 
Apr. 19,1912 
Apr. 13,1912 
Apr. 19,1912 
Apr. 13,1912

Eleva­ 
tion 

(feet).

.......

.......

.......

307.43 
264.64

102.03 

70.96

62.88 
68.99 
55.38 
42.16 
39.57 
28.68 
24.59

1912-13

Lowest level 
observed.

Date.

Sept. 25, 1912 
Oct. 18,1912 

.....do........ 
Oct. 19,1912

Nov. 23,1912 
Dec. 27,1912

June 25,1912

Nov. 13,1912 
Dec. 27,1912

Jan. 28,1913

Nov. 13,1912 
Sept. 24,1912 
July 13,1912

Sept. 24,1912

Jan. 20,1913

Oct. 9,1912 
.....do........ 
.....do........ 
July 22,1912

Sept. 20,1912 
.....do........

Jan. 2,1913 

Jan. 18,1913

.....do....... 

.....do........ 
Dec. 18,1912 
Oct. 31,1912 
Sept. 22, 1912 
Oct. 31,1912 
Sept. 22, 1912

Eleva­ 
tion 

(feet).

308.80 
386.60 
400.30 
405.55

5.38 
53.46

272.40

406.25 
314. 45

312. 15

402.59 
413. 17
407.78

380.05 
376. 96
338.66

427.80 
427.85 
428.05 
428.70

308.14 
261.34

97.61 

65.59

55.94 
53.69 
52.15 
40.48 
35.66 
26.61 
21.41

Highest level 
observed.

Date.

Apr. 12,1913 
.....do........ 
.....do........ 
Dec. 27,1912

Apr. 14,1913 
Apr. 12,1913

Jan. 28,1913

May 12,1913 
May 15,1913

Apr. 12,1913 
May 15,1913

Apr. 12,1913 
Apr. 10,1913 
Mar. 13,1913

.....de....... 

.....do........
June 16,1913

Mar. 15,1913 
.....do.   .... 
.....do........ 
.....do........

Feb. 20,1913 
Jan. 2,1913'

Mar. 8,1913 

.....do........

Apr. 8,1913 
.....do...;.... 
Mar. 21,1913 
.....do........ 
Mar. 8, 1913 
Apr. 8,1913 
.....do........

Eleva­ 
tion 

(feet).

311. 98 
387.60 
402.30 
406.87

6.01 
54.27

272.64

407.42 
315. 86

313. 08 
338.61

403.90 
416.21 
413.93

381. 90 
377. 71 
343. 10

430.43 
430.87 
430.83 
431.45

306.69 
263.85

101. 19 

70.54

62.94 
60.30 
54.73 
41.40 
36.77 

'27.98 
23.20

o U. S. Geological Survey gaging station at San Diego (Old Town).
6 In river channel.
c U. S. Geological Survey gaging station at Mission dam.
4 Continually.
e Rising.

NOTE. Observations by U. S. Geological Survey in cooperation with Volerm Land & Water Co. 
and Cuyamaca Water Co., except as otherwise noted. For rise and fall each year, see Table 33.
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level, in feet, at well-s in San Diego County, 1912-1915. 

doling 1014-15, see Tabte 30.]

1013-14

Lowest level 
observed.

Date.

Oct. 30,1913 
.....do....... 
Oct. 1,1013 
Oct. 30,1913

Oct. 29,1913 

Apr. 12,1913

Aug. 24,1913 
Jan. 21,1014

.....do....... 
July 23,1913

Oct. 30,1918 
Oct. 29,1013 
July 28,1013

Oct. 29,1913 
.....do....... 
Aug. 20,1913

Oct. 30,1913 
.....do....... 
.....do.......

Dec. 12,1913 
June 13,1913 
July-Aug.1913

Dec. 9,1913 

....do........

....do........ 

....do........ 

....do........
Sept. 29. 1913 
Aug. 19,1913 
Nov. 1.1913 
Sept. 29, 1913 
Dec. 9, 1913

Elevation 
(feet).

385.15 
399.38 
404.15 
398.13

52.37 

272.49

404.59 
313.46

310.61 
335.56

400.96 
412.50 
409.15

379.52 
375.33 
337.99

426.46 
426.63 
427.13

479.42 
305.92 

(261.00)

97.35 

65.26

55.44 
53.23 
51.30 
39.96 
34.63 
26.42 
21.24 
13.20

Highest level 
observed.

Date.

Mar. 5,1914 
May 12,1914 
Mar. 5,1914 
.....do........

Mar. 3,1914

(<*)

May 1, 1914 
Mar. 6,1914

May. 13,1914 
Apr. 4,1914

Apr. 20,1914 
Feb. 27,1914 

.....do.......

.....do........ 
Mar. 27,1912 
Mar. 27,1914

Mar. 3, 1914 
.....do........ 
.....do........

July 1, 1914 
Mar. 1, 1914 
Jan. 23,1914

May. 9,1914 

Mar. 9,1914

May 9,1914 
.....do........ 
Mar. 9, 1914 
Feb. 28,1914 
Jan. 30,1914 
Mar. 9, 1914 
Jan. 30,1914 
.....do........

Eleva­ 
tion 

(feet).

389.65
402.34 
407.55 
401.68

55.25

(<*)

407.40 
315.37

317.25 
337.14

403.60 
416.43 
417.12

382.06 
378. 12 
344.96

430.81 
431.19 
431.69

488.42 
307.60 
263.82

101*53 

70.73

62.90 
60.99 
56.28 
43.02 
39.13 
29.44 
24.89 
15.46

1914-15

Lowest level 
observed.

Date.

Oct. 13,1914 
.....do........ 
Nov. 10,1914 
.....do........ 
.....do........ 
Nov. 7,1914 
Oct. 13,1914

(«)

Nov. 10,1914 
Dec. 7,1914

.....do........ 
Jan. 17,1915

Dec. 7,1914 
Oct. 14,1914 

.....do........

.....do........ 

.....do........ 
Jan. 25,1915

Oct. 23,1914 
.....do........ 
.....do........ 
.....do........
Jan. 16,1915 
Aug. 19,1914 
.....do........

Nov. 25,1914 

Jan. 9,1915

.....do........ 

.....do........ 
Dec. 9,1915 
Nov. 13,1914 
.....do........
Dec. 14,1914 
Aug. 19,1914 
Nov. 14,1914

Eleva­ 
tion 

(feet).

313.60 
385.25 
398.90 
404.01 
397.76 

4.84 
52.32

(«)

404.45 
313.16

311.82 
336.20

400.55 
412.91
408.26

380.07 
375.73 
338.39

424.70 
424.71 
426.71 
427.00 
479.22 
305.91 
261.50

97.53 

66.09

56.35 
54.04 
52.25 
40.69 
36.07 
26.50 
21.19 
13.45

Highest level 
observed.

Date.

May 3,1915 
.....do........ 
Mar. 11,1915 
.....do........
Feb. 13,1915 
Feb. 12,1915 
May 3,1915

Feb. 13,1915

Feb. 3,1915 
Mar. 10,1915

.....do........ 
July 5, 1915

Mar. 11,1915 
Feb. 25,1915 
Feb. 1,1915

May 4,1915 
.....do.... .... 

(»)

May 4,1915 
.....do........ 
.....do........
Feb. 3,1915 
May 10,1915 
Feb. 24,1915 
May 5,1915

May 31,1915 

Feb. 24,1915

May 5,1915 
.....do........ 
.....do........
Feb. 24,1915 
Feb. 5, 1915 
Feb. 24,1915 

.....do........

Eleva­ 
tion 

(feet).

315.01
391.62 
405.31 
408.52 

- 403.29 
10. 31 
57.57

276.73

409.08 
317.31

318.98 
340.54

405.82 
416.99 
418.06

382.17
378.77 
(*)

431.70 
431.99 
432.17 
432.57 
491.42 
308.24 
264.82

101.36 

72.05

63.30
59.77 
56.08 
44.18 
40.93 
30.14 
26.14

/ II. S. Geological Survey gaging station at Lakeside. 
g Well affected by pumping. 
* Record ended Jan. 25,1915. 
< Observed by Mr. Lebert. 
i Affected by ditch.
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In addition to the above data, contours of the water table, or lines 
connecting all points at which the ground water has the same eleva­ 
tion, have been drawn from the original observations to show the 
position of the water table in Mission Valley October 22, 1914, and 
February 18, 1915 (PL XXI), and in Sweetwater, Otay, and Tia 
Juana valleys and the intervening low terraces Janus ,ry 6 and March 
1, 1915 (PL XX).

The ground-water profiles and cross sections (Pis. XXX to XXXV, 
fig. 9), and the contours of the water table (Pis. XX p,nd XXI), show 
that in the major river valleys the water table slopes downstream, 
with a slight tendency outward from the stream channel toward the 
edge of the valley during the period of river flow, but with practically 
no transverse slope at other times of the year and particularly not 
during the last part of the year.

FLTTCTTJATIONS OF THE WATER TABLE.

The water table at any point is constantly either rising or falling. 
The rate of rise or fall varies widely at different places and times, 
depending on the position of the place with respect to the sources or 
outlets of the ground water and the rapidity of th«, accretion and 
depletion of the supply. The fluctuation of the water table is an 
index to the relative rates of supply and loss of ground water and in 
this respect corresponds to the rise and fall of water level in a reservoir.

The water table in the fill of the major valleys fluctuates annually, 
and this fluctuation was observable in all the wells studied during 
the years 1912 to 1915. The annual fluctuation is the result of the 
annual variation in rainfall, stream flow, evaporation, transpiration, 
and other conditions affecting ground-water levels. The water table 
reaches its lowest stage during the months October to January pre­ 
ceding the first storm heavy enough to produce run-off. The average 
date of minimum level in 1914 was November 7 (Tal T o 32), and this 
is nearly the average date for other years. Coincident with, the first 
heavy storm producing run-off, usually occurring in January (Table 
34), water levels rise more or less sharply, reaching their maximum 
level during the months January to April. The average date of 
maximum level in 1914 was March 19 (Table 32); taking all seasons 
into consideration April 1 is probably about the average. From the 
date of maximum level to the last part of the year levels are grad­ 
ually lowered, the rate of lowering being greatest from April to 
August. The average fluctuation for the year 1914-15 at all obser­ 
vation wells in the major valleys was 4.70 feet (Table 32). That 
this range is greater than the annual average is indicated by the 
records at wells in upper San Diego and San Luis Rey .River valleys 
during the period 1912 to 1915 (Table 33). Judging by the condi­ 
tions in these two valleys, the average annual fluctuation of the 
water level in the major valleys is about 3.6 feet.
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TABUE 32. Annual range of fluctuation of water level in record wells in Sin Diego
County, 1914-15.  

Geologic source of 
water.

Deep fill of major 
valley. 

Do.............
Do.............
Do.............
Do.............
Do.............
Do.............

Pill of minor valleys 
Do.............
Do.............
Do. ............

Residuum (decom­ 
posed granite).

San Diego forma­ 
tion less than 200 
feet below sea 
level. 

Do.............
Do.............

Do.............
Do.............

Valley.

Upper Sweetwater 
Lower Sweetwater 
Upper San Diego. . 
Lower San Diego. .

SanLuisRey.....

Otay..............
Murphy Canyon. . 
Murray Canyon . . . 
Miscellaneous.....

Vicinity of Nestor.

Vicinity of Otay.. 
Vicinity of Chula- 

vista. 
National City..... 
Vicinity of Old 

Town.

Num­ 
ber of
wells 
ob­ 

served.

9

8 
9 

17 
22 
5 

14

5 
1 
1 
4

10

11

10 
5

1 
1

Annual range of fluctuation.

Average date 
of maximum 

level.

Apr. 11,1915

Apr. 4,1915 
Feb. 21,1915 
Mar. 22,1915 
Feb. 22,1915 
Mar. 22,1915 
Mar. 25,1915

Mar. 19,   

Feb. 28,1915 
Feb. 27,1915 
.....do........
Apr. 16,1915

Apr. 11,1915 

May 21,1915

Mar. 27,1915 
July 1,1915

July 30,1915 
Mar. 31,1915

Average date 
of minimum 

level.

Nov. 25,1914

Oct. 25,1914 
Nov. 11,1914 
Nov. 12,1914 
Nov. 13,1914 
Oct. 20,1914 
Nov. 4,1914

Nov. 7,   

Oct. 22,1914 
Jan. 7, 1915 
.....do........
Nov. 1, 1914

Dec. 16,1914 

Nov. 18,1914

Oct. 31,1914 
Nov. 7,1914

Oct. 29,1914 
Nov. 7,1914

Maxi­ 
mum 
in any 
well.

Feet. 
13.69

aso
6.26 

12.20
a 01

10.12
an

8.75 
2.19
9.45 
5.54

11.00

5.83

a 76
.82

.93 
2.34

Mini- 
mum
inary 
wel\

Fee4.. 
3.72

1.54 
.93 

1.41 
2.33 
2.10 
1.19

3.99 
2.19 
9.45 
5.33

3.43

1.38

.58 

.17

.93 
2.34

Aver­ 
age in 

all 
wells.

Feet. 
7.08

4.11 
2.71 
5.57 
5.16 
4.58 
3.61

4.69

6.91 
2.19 
9.45 
5.46

6.18

6.31

2.59

4.32
.47

.93 
2.34

2.76

TABLE 33. Annual range of fluctuation, in feet, of water level in record wells in San 
Diego County, 1912-13 to 1914-15.

Upper San Diego River Valley (deep valley fill.)

Well No.

L 75.................
L7-d................
L 7-c. ...............
L7-b. ...... .........
L7-a................
L 70.................
L 67.................
L66. ................
L65. ................
L68-b.... ...........
L 76.................

Lowering 
of 1912.

Rise of 
1912-13.

2.75
2.78
3.02
2.63
1.17
1.32
1.31
2.00

1 00

2.12

Lowering 
of 1913.

3.70
4.24
3.95
2.83
2.72
2.94
2.92

2 AK

3.29

Rise of 
1913-14.

9.00"

4.56
4.56
4.33
2.81
3.40
2.64
2.96
3.55

4.23

Lowering 
of 1914.

9.20

4.98
6.48
6.11
2.95
3.54
3.05
3.44
3.92

4.81

Rise of 
1914-15.

12.20
5.57
5.46
7.28
7.00
4.63
4.51
5.27
6.41
5.53
6.37

5.97

Average 
lowering1.

Q 9ft

4.34
5.36
5.03
2.8S
3.13
3.00
3.1?
 i cw
3 4<i

4.35

Average 
rise.

9 00
4.16
4.27
4 95
4.65
2.87
3.08
1 f!7
3.79
4 KA

0 Q1

4.22

Lowet San Diego River valley (deep valley fill).

K 107....... .........
K 63....... ..........

0.81
0.63

1.90 2.88 2.93 5.25
5.47

9 AK 9 OS
3.05
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TABLE 33. Annual range of fluctuation, in feet, of water level in record wells in San 
Diego County, 191%-lS to 1914-15 Continued.

San Pasqnal Valley (deep valley fill).

Well No.

n 5..................
H 31.................
H 1..................

Lowering 
of 1912.

Rise of 
1912-13.

3.04
1.85
1.75

2.21

Lowering 
of 1913.

3.71
2.38
2.38

2.83

Rise of 
1913-14.

3.93
2.54
2.79

3.09

Lowering 
of 1914.

3.52
1.99
2.39

2.63

Rise of 
1914-15.

"4.08
2.10
3.04

1 CY7

Average 
lowering.

3.61
. 2,19

2.39

2.79

Average 
rise.

3.68
2.16
2.52

2.72

San Dieguito Valley (deep valley fill).

G 37.. a..... ......... 10.80 8.10 9.40

San Luis Rey River Valley (deep valley fill).

C 10..................
C n

B 11.................
F 21o..... ...........
F 20o....... .........
F 19.................
P 17.................
P 16.................
P 3..................
P 13.................
P 11.................

1.29
0 OA

5.37
6.94
C OA

3.23
1.68
3.91
2.07
3.18

3.00

0.55
2.51
4.95
7.00
6.61
2.58
0.92
1.37
1.37
1 79

2.00

0.77
2.85
5.28
7.54
7.07
3.43
1.44
2.24
1.56
1.96

2.44

1.68
2.82
5.47
7.46
7.76
3.98
3.06
4.60
3.02
3.65
2.26

3.39

1.69
2.32
4.64
6.55
6.95
3.03
2.33
3.06
2.94
3.70
2.01

2.87

2.33
3.32
5.96
6.95
5.73
3.83
3.49
4.86
3.64
1 Q^

4.04

1.25
2.82
5.10
7.01
6.44
3.23
1.82
3.07
2.19
2.61
2.01

2.68

1.52
2.89
5.46
7.14
6.70
3.46
2.49
3.61
2.68
3.46
2.26

3.09

a Affected by Libby ditch, not used in averages. 

Fill of minor valleys.

B 10.................
L 91.................

4.42 3.58
0.93

3.84
2.47

4.18
6.64

4.00
5.43

3.83
7.16

4.09
3.95

3.86
4.91

Decomposed granite.

L 92.................
L 11.................
H 32.................

1.41

6.15

2.40
3.05
4.78

1.91
1.58
7.97

2.21
0.94
8.86

4.15
4.60
9.80

2.31
2.00
6.82

2.49
3.12
7.97

The diagrams illustrating fluctuations of the water table (Pis. 
XXXVI to XLII and fig. 18) show four types of annual fluctuation 
that can be associated with (1) the location of the oHervation wells, 
(2) the depth to ground water just prior to the fnvt heavy storm 
producing run-off, or (3) the permanence of flow of the stream 
traversing the valley in which the well is located. These types are 
described as follows:

1. Annual fluctuations of wide range, varying from about 4 to 9 
feet and averaging about 7 feet, the fall of the water table continuing 
until the first heavy storm accompanied by run-off. Observation 
wells exhibiting this wide range are those in the upper parts of valleys 
traversed by streams that normally do not flow throughout the year. 
Examples are wells numbered F 4, B 11, L 75, L 63, K 31, L 104, 
O 80, and O 61.
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WELL O 60
LoMacron Land Qrant,260ft.SE. of rivet 

m IOt,37f&«it

WELL O 18
LaftocionLand 

Dug well,clevatton

WEU.O73
La Nation Land Grant,ZOOft,N.&f river.

LaMGront./SOftS. ofrfafr.

DIAGRAMS SHOWING FLUCTUATION OF WATER TABLE IN OBSERVATION WELLS IN SWI3STWATER VALLEY.
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2. Annual fluctuations of approximately the average range for the 
major valleys about 3.6 feet, the water table remaining practically 
stationary from' October 1 to the first big storm producing run-off. 
Observation wells showing the average range are in the middle of 
valleys traversed by streams that normally do not flow throughout 
the year. Examples, are wells numbered F 17, F 16, F 3, H 5, L 67, 
L 66, L 65, L 42, P 22, O 76, O 20, and O 55. Exceptions to this rule 
are found in parts of Tia Juana and Mission valleys, where heavy 
pumping depresses the water table locally in the middle par4: of the 
valley. The annual fluctuation in the middle part of Tia Juana 
Valley was 7 to 12 feet and in Mission Valley 5 to 6 feet.

3. Annual fluctuations of small range, varying in the wells observed 
from 1.1 to 2.3 feet and averaging 1.8 feet, the annual rise of th«, water 
table beginning about October 1. Such wells are in the lower parts 
of valleys traversed by streams that normally do not flow throughout 
the year. Examples are wells numbered C 6, F 10, H 31, L 72, 
K61, O21, andP26a.

4. Annual fluctuations of small range, averaging about 1.5 feet, 
the annual rise of the water table beginning sometime during Sep­ 
tember. Such wells are found in all parts of valleys traversed by 
streams that flow continuously throughout the year. Examples are 
wells numbered C 2 and C 10 in San Luis Rey Valley near Pala.

The explanation of the fluctuations described in paragraphs 1, 2, 
and 3 is to be found in the annual filling and draining of a shallow 
layer of the porous fill of valleys traversed by streams that flow 
during a part of the year. The range of fluctuations is relatively 
large in the upper parts of such valleys and small in the lowe:" parts, 
owing to the tendency of the water table to assume a 'horizontal 
position after the river ceases to flow. The natural movement of 
ground water is from the upper toward the lower end of the valley. 
The limited cross-sectional area of the fill at the lower end prevents 
free escape of ground water at this point, and the continued arrival 
of ground water from the broader parts of the valley above tends to 
replenish local losses, consisting of seepage return to stream channel 
evaporation, or underflow to the next lower valley. The water table 
at the lower end of the valley thus falls but little during the summer, 
even after the river has ceased to flow. At the upper end of the valley, 
however, replenishment practically ceases as soon as the river ceases 
to flow, and all conditions favor local depletion and lowering^ of the 
ground water. In the middle part of the valley conditions lie be­ 
tween the two extremes. The slow rising of the water level in the 
lower part of the valley after October 1 is due to the diminishing 
losses from evaporation and the accumulation of water from the 
upper end of the valley. In the upper end water levels continue to 
fall slowly until the first storm producing flood run-off. In the
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middle part loss and gain balance each, other, and the water level 
remains stationary from about October 1 to the first- big storm pro­ 
ducing flood run-off. Thus the observed fluctuation are the effects 
of gain and loss and the tendency of the water surface to assume a 
horizontal position in each ground-water reservoir.

In the fourth group the continued flow of the stream replenishes 
the ground-water supply at the head of the basin throughout the 
year and thus counteracts the tendency of the water table to fall. 
The rate of evaporation begins to decrease in September (Tables 25, 
26, and 27, pp. 101, 102), at which time the water table begins to 
rise through replenishment by lateral percolation f^om the near-by 
stream.

TABLE 34. Duration of flow of principal streams in San Diego C&i'.nfy at typical gaging
stations.

San Luis Rey River near Pala.

Year (July 1 to June 30).

1903-4..................
1904-5..................
1905-6..................
1906-7..................
1907-8..................
1908-9..................
1909-10.................
1910-11.................
1911-12.................
1912-13.................
1913-14.................
1914-15.................

Corrected aver-

Date that 
continuous 
flow com­ 
menced.

July 1

...do.......

...do.......

...do.......

...do.......

...do.......

...do.......

...do.......

...do.......

...do.......

...do.......

Date that 
flood flow 

com- 
meneed.a

Mar. 23

Jan. 19
Nov. 23
Oct. 16
Jan. 13
Nov. 11

Date of 
last flood 

flow."

Stay 26
(June 12)

May 4
May 2

Apr. 19
May 16

May 25

Date that 
continuous 

flow 
ceased.

...do.......

...do.......

...do.......

...do.......

...do.......

...do.......

...do.......

...do.......

...do.......

...do.......

...do.......

Number 
 of days 
df con­ 
tinuous

flOYT.

365
365
r«s
365
365"65
f«5
365
365
365
365

365

365

Number 
of days 
of flood 

flow.<t

61
flfwl^

143
209
144

135
159
106
74
37

118

160

125

100

Minimum 
flow of 
stream 
during 

nonflood 
period.

Sec. ft. 
1.0
2.0
2.5
3.0
0.6
2 A

5.0
(4.0)

3.0
o 0
1.0

San Luis Rey River at Bonsall.

1911-12.................

1913-14.................
1914-15................

Corrected aver-

Tlor* 1 9
Tjprt -I

Nov. 15

(Mar. 6)
Jan. 10
Jan. 18

May 16
Mar. 30
May 8

177
207
997

167)
51

107
160

96

Oft

0
0
0
0

a Flood flow considered as flow in excess of 14 second feet.
6 Observed average multiplied by ratio of observed 17-year average on San Diego River at diverting 

dam to observed average for period 1903-4 to 1914-15.
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TABLE 34. Duration of Jlo'w of principal *tre&ms in $*m Diego County at typical 
gaging stations Continued.

Santa Ysafed Creek near ffoeomMit aftd' Ramona.

Yewr (July 1 to June 30).

1905-6..................
1906-7..................
1907-8..................
1908-9..................
1909-10.................
1910-11.................
1911-12.................
1912-13.................
1913-14.................
1914-15.................

Date that 
continuous 
flow com­ 
menced.

July 1'
...do.......
...do.......

Oct. 12
QjaT\f O9

/Tan Ck\

Oct. 15
Oof 4

Nov. 5
Oct. 11

Bate that 
flood flew 

com­ 
menced."

Jan. 19
Dec. 7

...do.......

Nov. 11

Mar. 2
Jan. 16
Jan. 19

Date of 
last flood 

flow.o

...do.......
ISay 17

May 11

May 29

Bate that 
 continuous 

flow 
ceased.

...do.......

...do.......

...do.......

...do.......

...do.......

...do.......

...do.......

...do.......

...do.......

-

Number 
of days 
ofcon- 
tmuous 
flow.6

365
365
365
269
358
ISO
264
304
278
278

303

Number 
of days 
offlooe 
flow."

150
212
150
170
163
135
85
63

117

141
103

Minimum

stream 
during 

nonflood 
period 

(second-
feet).

0.5
3.0
1.0
0
0
0
0
0
0
0

San Dfeguito River at Bernardo.

1911-12.................
1912-13.................
1913-14.................
1914-15.................

Feb. 1
TWk/t on
Tan 99

(Mar. 7)
Feb. 23

TQTI OQ

MOT? 99

May 17
May 31 ISO

190
159

(72)
28
7t

146

80
80

0
0
0
0

a Flood flow considered as flow in excess of 12 second-feet.
6 Includes number of days flow after July 1, prior to drying up 'of stream during late summer.

San Diego River at diverting dam (excluding draft fr*m Cuyamaca reservoir).

Year (July 1 to June 30).

1898-99.................
1899-1900...............
1900-1901...............
1901-2..................
1902-3..................
1903-4..................
1904-5..................
1905-6..................
1906-7..................
1907-8..................
1908-9..................
IQfrQ  10

1910-11.................
1Q11 19
1912-13.................
1913-14.................
1914-15.................

Date that 
continuous 
flow com­ 
menced.

(Feb. 1)

Nov. 21

Mar. 10

Nov. 5
July 1

Dec. 1
Nov. 13

Jan. «

Dec. 12

Date that 
flood flow 

com- 
menced."

Mar. 17
May 5
Feb. 2
Feb. 24
Jan. 30
Mar 22
Feb. 1
Nov. 5
July 5
Oct. 3
Dec. 1
Nov. 13

Mar. 5
Jan. 16

Date of 
last flood 

flow.a

Mar. 30
May 6
May 1
Apr. 23
May 22
Mar. 30

May 16
May 31
May 5

. May 1

Apr. 22
June 12

May 17

Date that 
continuous 

flow 
ceased.

{May 12)
(May 31)
(June 18)

...do.......

...do.......

...do.......

...do.......

...do.......

June 30

Number 
of days 
of con­ 
tinuous 
flow.6 c

101
149
209
135
141
30

172
237
365
365
257
229
149
182
147
191
200

182

Number 
of days 
of flood1 
flow.o

41
40
O7
5

121
170
201

, 166
150
141

Q7

80
54

106
143

Qfi
Qfi

Minimum 
flow of 
stream 
during 

nonflood 
period 

(second- 
feet).

0
0
0
0
0
0
0
0

(2)
|9\

T
0
0
0
0
0
0

a Flood flow considered as flow in excess of 12 second-feet at diverting dam.
6 Includes number of days flow after July 1, prior to drying up of stream during late summer.
c Includes period of Cuyamaca Water Co. flume diversion, excepting Cuyamaca draft.
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TABLE 34. Duration of flow of principal streams in San Diego County at typical 
gaging stations Continued.

San Diego River at Mission dam.

Year (July 1 to June 30).

1911-12........ ........

1913-14.................
1914-15.................

Date that 
continuous 
flow com­ 
menced.

Dec 19

Jan. 22

Date that 
flood flow 

com- 
menced.o

Date of 
last flood 

flow.o

May 27
Apr. 7
Apr. 1

Date that 
continuous 

flow 
ceased.

May 30

Number 
of day;? 
of con- 
tinuou"* 

flow.6

1(W

1>X

ise

Number 
of days 
of flood 
flow.<»

("ii\
27
31

135

66
66

Minimum
flow of 
stream 
during 

nonflood 
period 

(second- 
feet).

0
0
0
0

a Flood flow considered as flow in excess of 10 second-feet at Mission dam.
6 Includes number of days flow after July 1, prior to drying up of streams during late summer.

Sweetwater River near Descanso.

Year (July 1 to June 30).

1905-6..................
1906-7..................
1907-8..................
1908-9..................
1909-10.................
1910-11.................
1911-12.................
1912-13................. 
1913-14.. ............... 
1914-15.................

Date that 
continuous 
flow com­ 
menced.

July 1

...do.......

...do.......

...do.......

...do.......

...do.......

...do....... 
Au?. 16 
July 1

Date that 
flood flow 

com- 
menced.o

Jan. 14
Nov. 15

Mar. 2
Jan. 15 
Jan. 26

Date of 
last flood 

flow.o

Apr. 24
May 28
Apr. 15
Apr. 17
May 12
Mar. 28 
Apr. 22

May 11

Date that 
continuous 

flow 
ceased.

...do.......

...do.......

...do.......

...do.......

...do.......

...do........

...do....... 

...do....... 

...do.......

Number 
of days 
of con­ 
tinuous 

flow.

ofie

365
OftC

365

362

365 
31f 
365

360

Number 
of days 
of flood 
flow.o

128
172
34

117
96
58
54
28 
22 

146

86
63

Minimum 
flow of 
stream 
during 

nonflood 
period 

(second- 
feet).

0.4
1.1
0.8
0.3
0.8
0.0
0.4
0.4 
0.0 
0.05

a Flood flow considered as flow in excess of 10 second-feet.

The diagrams (Pis. XXXVI to XLII) also illustrate differences in. 
conditions with respect to the rise of the water table, as follows:

1. In wells somewhat remote from stream channel ̂  and in places 
not subject to floods maximum ground-water level is attained within 
about seven days of the first heavy storm producing flood run-off 
and with no relation to the distance of the well from the river chan­ 
nel. At the observed wells of this class the depth to water just 
previous to the storm was 6.6 feet or less (Table 35). Such wells 
are numbers H 31, O 76, F 13, F 16, L 86, H 5, K 82, and C 10.

2. In wells somewhat remote from stream channel^ and in'places 
not subject to flooding maximum ground-water level each year is 
attained gradually after the first heavy storm producing flood run­ 
off, the time varying in the wells observed from 15 to 161 days and 
averaging 52 days, and depending somewhat on the distance of the
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well from the river channel. At such wells the depth to wr.ter just 
before the storm is more than 6.6 feet (Table 35). Such veils are 
those numbered O 61, O 55, K 31, L 67, K 62, K 83, F 20, K 61, F 21, 
L 66, L 5, L 7-a, O 118, B 11, O 80, and L 75.

3. In wells near a stream or in places subject to flooding maximum 
ground-water level is reached either during the period of greatest 
flood flow of the season or immediately thereafter. Such veils are 
numbers C 7, F 19, H 36, H 34, L 71, L 7-d, L 70, L 76, K 11£ ; K 107, 
K 85, K 63, P 23, O 78, O 127, O 130, and O 123.

The conditions represented by the first and second groups are 
explained as follows: The precipitation from a storm that produces the 
first flood run-off usually amounts to 2 to 4 inches on the valley floor 
and has generally been preceded by several inches of rain during 
the current rainy season. If a porous material contains capillary 
moisture from the zone of saturation up to the surface of the ground, 
water applied to the surface passes down rapidly to the zone of 
saturation. If, however, the surface layers of the material are dry 
to an appreciable depth below the surface, the water that is absorbed 
mupt cover the dry soil grains with a film of moisture and fatten the 
depleted water films of the soil grains below the surface before it 
will pass down to the zone of saturation. The vertical distance 
through which the materials composing the fill of the valleys in San 
Diego County will draw capillary moisture from the zone of satura­ 
tion ranges from 2.5 feet in the coarsest sands to 7 or 8 feet in the 
fine silts. For average porous materials, in which the zone of satu­ 
ration is less than 7 feet below the surface and the moisture films in 
the upper layers have already been somewhat replenished ly recent 
storms, the conditions are ideal for rapid absorption and trans­ 
mission to the zone of saturation of the water of the first big storm 
that produces flood run-off. This is the condition at the first group 
of wells (Table 35). The immediate rise of the water table to maxi­ 
mum, as observed in most of these wells is due to replenishment 
from direct rainfall during the storm that produces the first flood 
run-off and not to transmitted pressure or absorption from run-off. 
This conclusion is confirmed by study of the second group of wells, in 
which the depth to water exceeded 7 feet.
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TABLE 35. Time required for water table to reach maximum levels after first storm that
produces run-off.

Well No.

H31.. ........
O76... .......
F13..........
F16. .........
L86. .........
H5... ........
K82.......... 
CIO..........
O61.. ........
O55..........
K31... ....... 
L67..........
K62.... ......
K83-   ......
F20. .........
K61. .........
F21..........
L66..........
L5..... ......
L7-a. ........
0118.........
Bll ..........
080..........
L75... .......

Major valley.

.....do.............

Mission............

Mission............

.....do.............

Depth to 
water 

table just 
prior to 

first 
storm 

that pro­ 
duced 
flood 

run-oft.

Feet. 
1.2
2.7
4.0
4.7
4.8
6.1
6.6 
6.6
7.4
8.2
9.2
Q ">

Q Q

9 4
9.6
9 8

10.5
10.6
11.0
11.710 n
too

13 9
m A

Distance 
of well 

from river 
channel.

Feet. 
520
150

2,100
2,200
1,500
2,200
1,700 

520
Qftft

2,150
300
500
1 *^A

1 000
1,500
1,000
1,300
1 ^^
1,000

820
2 ojn

Cftf*

260
1,040

Date of 
beginning of 
first storm 

that produces 
flood run-off.

Jan. 27,1915
.....do........
.....do........
.....do........
.....do........
.....do........
.....do........ 
.....do........
.....do........
.....do........
.....do........ 
.....do........
.....do........
.....do........
.....do........
.....do........
.....do........
.....do........
.....do........
.....do........
.....do........
.....do........
.....do........
.....do........

Date of 
arrvial of 
first flood.

Jan. 29,1915
.....do........
.....do........
.....do........
.....do........
.....do........
.....do........ 
.....do........
.....do........
.....do........
.....do........ 
.....do........
.....do........
.....do........
.....do........
.....do........
.....do........
.....do........
.....do........
.....do........

.....do........

.....do........

.....do........

Approxi­ 
mate date 
of highest 
level of 
water 
table.

Feb. 1
...do ..
Feb. 5
...do ..
Feb. 3
Feb. 1
Feb. 4 
Feb. 5
May 1

Feb. 18 
Mar. 11
Feb. 12
Feb. 18
Mar. 12
Mar. 31
Feb. 24
Mar. 11
...do.-..
Feb. 13
Mar. 30
Feb. 24
Feb. 27
Mar. 18

Period 
be­ 

tween 
first 
flood 
and 

highest 
water 
level.

Days.

2
7
7

6
7

QO

161
20 
41
14
20
42
61
26
41
41
in
60
26
2g
48

NOTE . Wells not surrounded by or near to standing or flowing surface water were protected from inflow 
of surface water by curbing .or otherwise.

At no wells of this group, whether relatively near or at a consider­ 
able distance from the river, was the maximum water level attained 
within a period less than 14 days, the average being £2 days, whereas 
the longest period among the wells of the first grcirp was 7 days. 
The time elapsing does not necessarily vary proportionally to the 
distance of the well from the river, because in some places the maxi­ 
mum level occurs with the arrival of the crest of tl^ ground-water 
wave traveling outward from the river, whereas in others it occurs 
with the arrival of the absorbed rainfall from above. The facts are 
brought out by Table 35, on which the wells are arranged in order 
of their depth to the water table just prior to the first storm producing 
flood run-off. The conclusion is that the attainment of maximum 
ground-water level at the time of the' first storm producing flood 
run-off in wells not influenced directly by the rirer or overflow 
water is due to the absorption and immediate transmission of rain­ 
fall directly to the zone of saturation, made possible by an initial 
moist condition of material from the zone of saturation to the surface 
of the ground.

In the third group the quick rise of the water taMe to maximum 
level in wells near a stream or on ground that is subject to flooding
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is obviously due to direct contact of surface water with the adjacent 
porous formation.

In some ground-water reservoirs the water table undergoes broad 
periodic fluctuations, the periods covering several years, upon which 
the annual fluctuations are superimposed. Examination of the 
diagrams showing fluctuations of the water table in the observa­ 
tion wells since 1912 (Pis. XXXIX to XLII) and consideration 
of other more general information indicate that in ths ground- 
water reservoirs of San Diego County, however, the broader periodic 
fluctuations are unimportant as compared with the annual fluctua­ 
tions. The maximum level attained in dry years, as shown by the 
diagrams, is in most wells less than a foot lower than the maximum, 
level in wet years, and the minimum level of dry years is a] vays less 
than a foot lower than the minimum level of wet years. T is varia­ 
tion in the maximum and minunum levels of wet and dry years 
is but a fraction of the total annual fluctuation. The only water- 
level observation available for the protracted period of drought from 
1897-98 to 1903-4 is a measurement at well numbered L f 3, in the 
upper San Diego River valley at Riverview, reported by Mr. C. "S. 
Alverson. This measurement was made November 22, 1904, at 
practically the end of the dry period, and indicated a level several 
feet higher than the minimum of 1914 (PL XL). The ground- 
water levels in the vicinity of well L 83 have been affected since 1911 
by pumping at well L 82, which is about 750 feet upstream. This 
measurement indicates that with natural conditions a protracted 
drought results in only a minor depression of the water table, a 
conclusion that is also confirmed by the statements of cattlemen 
who during this same dry period found it possible to obtain water 
for stock at many points in the river beds by merely scooping out 
basins 2 to 4 feet in depth. The only unusual depressions of the 
water table reported in this period were in the immediate vicinity 
of pumping plants making heavy drafts.

The explanation for this stability of the water table in periods of 
severe drought is to be found in the very slight opportunity for escape 
of ground water when its surface has fallen below the comparatively 
shallow depth within which moisture is lost by evaporation. The 
slope downstream ia so gradual and the material through ^hich the 
water must move is so fine that the velocity of underflow is very small 
and permits but slight depletion of the ground-water reservoirs after 
the normal low-water stage of November 1 has been reached. This 
condition serves greatly to enhance the value of the groiMid-water 
reservoirs as sources of reserve supply in dry yearo.
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GROUND-WATER YIELD. 

ECONOMIC REQUIREMENTS.

The quantity of water that can be drawn from a ground-water 
reservoir the ground-water yield may be considered cither as the 
net quantity that can be withdrawn during average or wet years and 
completely restored to the reservoir in immediately following average 
or wet years, or as the net quantity that can be withdravn during every 
year, including years of extreme and protracted drought, and com­ 
pletely restored within a period of one or two years.

The first quantity, which may be termed the average yield, can be 
considered as the quantity available to the irrigator as distinguished 
from the user of water for domestic supply, whose needs limit him to 
the second quantity, termed the safe yield.

Two classes of irrigation enterprises in San Diego County may 
depend on underground reservoirs for water one designed for the 
cultivation of field crops of moderate value, such as vegetables, sugar 
beets, or alfalfa, chiefly in the valley land overlying or bordering the 
underground reservoirs, the other designed for the cultivation of 
orchards, chiefly on mesa and foothill lands. The permanent 
investment, other than that for land, buildings, aid equipment, 
represented by enterprises of the first class, is small, and the inability 
to obtain an adequate water supply during any season involves little 
loss except the crop for that year. This loss can be better afforded 
than the loss which would result from permitting the land to lie 
fallow, as exceptional droughts ordinarily occur only once in 7 to 10 
years. The orchards irrigated consist almost entirely of citrus fruit 
trees, which represent a large investment and produce a valuable 
crop. A full supply of water is required to produce an income- 
yielding crop from fruit trees, although the trees car be kept alive 
and the investment saved from destruction with only one-half a full 
supply. Furthermore, the seepage water from orchard lands is 
usually considerably less than that from lands devoted to field crops, 
and unlike the water applied to field crops seldom finds its way 
directly back to the valley from which it was drawn. Thus the 
amount of water developed from an underground reservoir for the 
supply of orchard trees must be less than for field crops. Consider­ 
ing irrigation in general, however, it is not absolutely necessary that 
a full supply be obtainable in dry years, and with proper modifica­ 
tions the average yield may be considered a safe basis for planning 
irrigation systems.

For domestic and general municipal uses,* however, a full supply of 
water must be available every year and at all times of the year to 
assure protection from fire and to avoid the dangers of water famine. 
To meet these requirements and to insure an absolutely reliable supply
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through the most severe droughts sufficient available grourd water 
must be in storage in the valley fill to supply the draft during a 
period of at least three years in which the reservoir receives practically 
no replenishment from rainfall and run-off, such periods of drought 
as are indicated by Tables 18 and 20, pages 84 and 95.

The cost of pumping is not so vital a limitation on the safe yield as 
on the average yield. The greatest depth from which the water can 
be economicalBfcteMjed for irrigation depends on the amount the 
irrigator can anorc^^Pl|Wor pumped water. Generally sneaking, 
this depth is less than that of the water-bearing formation^ of the 
major valleys. The greatest depth from which water can b^ econo­ 
mically raised for domestic supplies is determined largely by the 
depth of the water-bearing formations and the percentage of the 
voids or spaces in them that can be drained at different leveT s. The 
water-bearing formations of the major valleys of San Diego County 
lie at comparatively shallow depths, and the operation of th^ pump­ 
ing plants should present no insuperable difficulty even if tH draw-, 
down in wells should reach to the bottom of the valley fill.

AVERAGE YIELD.

Replenishment of reservoirs. The average yield of the ground- 
water reservoirs of San Diego County the net quantity that can be 
withdrawn during an average or wet year and completely restored 
during a following average or wet year is about equal to the aver­ 
age natural replenishment of the ground water, which can be more 
or less definitely computed for each major valley. The accurate 
computation of the annual replenishment requires a clear knowledge 
not only of the various sources of ground-water supply and of ground- 
water losses, but a knowledge of the time of supply and loss in the 
annual cycle and of their quantities and proportions.

The ground-water reservoirs under consideration are replenished 
by absorption (1) from rain that falls on the valley fill, (2) from 
streams that flow through the valleys, and (3) from the run-off 
from adjacent hill slopes. Water absorbed from precipitation perco­ 
lates downward to the zone of saturation and gradually raises all parts 
of the water table. Water absorbed from a stream flowing through 
the valley .builds up a ground-water ridge that widens in each direc­ 
tion from the channel and raises the water table as it moves.

The heaviest rains in the major valleys occur during December to 
March (fig. 5). The most effective replenishment of grourd-water 
storage, however, is during January to March (Pis. XXXVI to 
XXXIX, XLII, and Table 35). The proportion of the grourd-water 
replenishment derived directly from rainfall under average condi­ 
tions is estimated at 35 per cent, although it varies widely, depending 
on the amount of the "annual rainfall and the intensity and time of 
occurrence of individual storms.



144 GROUND WATERS OF WESTERN SAN DIEGO COUFTY, CALIF.

Absorption from stream flow is most rapid during the early part 
of the flood-flow period (Pis. XXXVI to XLII, and PL XIX) but 
continues until the flow entirely ceases. The flood-flow period nor­ 
mally begins in January and laste about 100 days. The following 
table (table 36) summarizes the data regarding the flood-flow period 
on different streams as given in greater detail in Table 34, page 136.

TABLE 36. Summary of data showing duration of flood fl 
rivers in San Diego -Conn

[fi.ys, for principal

Season.

1898-99. ..........
1899-1903. ........
1900-01...........
1901-02. ..........

1903-04. ..........
1904-05. ..........
1903-06
1906-07...........

 1907-08...........

1909-10...........
1910-11...........
1911-12...........
1912-13...........
1913-14...........
1914-15...........

Observed average. 
Corrected average.

Average date of

Flood flow con­ 
sidered as anv 
flow in excess of.

Sanl/uis 
Rey River 
near Pala.

61
154
1AQ

209
144
135
169

74
37

118
160

125
ioa

Jan.2.....

14sec.-ft. .

San Luis 
Rey River 
at Bonsall.

*

(67)
51

107
160

96 
96

14 sec.-ft. ,

Santa 
Ysabel 

Creek near 
Ramona.

212

170
163

85
63

129
157

141 
103

12 sec.-ft. .

\-*HiJK
ball *

Dieguito 
River at 

Bernardo.

/79\

28
73

146

80 
80

12 sec.-ft. .

JP9> 
iSan Diego 
River at 
diverting 

dam.

8
2

41
40
97

5
121
170
201
166
150
141
97
80
54

106
143

96 
96

Jan. 20....

12 sec.-ft. .

San Diego 
River at 
Mission 
dam.

(73)
27
31

135

66 
66

12sec.-ft..

Sweetwater 
River at 

Deseanso.

i28
172
14

117
96
58
54
28
22

146

86 
63

Jan. 13.

10 sec.-£t.

The flow of San Luis Rey River at the head of its mp.jor valley is con­ 
tinuous throughout the year but reaches aminimumranging in different 
years-from 1 to 5 second-feet. The flow of other streams is continuous 
insome years, but usually ceases during the summer andfall (Table34). 
Flow other than flood flow is completely absorbed by the valley fill 
before it reaches the ocean. It is interesting to observe the advance 
of the end of San Luis Rey River after September 15. During the 
summer the end of visible flow is usually just abor°> the well num­ 
bered C 9 on Plate XXV; in September it begins to advance down­ 
stream at a rate of about 170 feet a day, the water filling the depleted 
sands beneath and adjacent to the channel, and thus building up a 
broad ground-water ridge. In the canyon below Bonsall the advance 
is more rapid, for the depth to the water table is small. The rate of 
advance in 1914, as observed by the writer, was 1,360 feet a day. If 
not previously overtaken by flood flow the end of this stream advances 
to the head of Mission Valley by the middle of January.

The rate at which the ground absorbs water fror* stream flow at 
any time depends, among other things, on the relative elevations of the 
water surface in the channel and in the subjacent valley fill and on the
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area of channel in contact with the flowing stream. The total volume 
annually absorbed from run-off depends, in addition, on the length 
of the period of flow, which in the major valleys usually far exceeds 
the period required to bring the water table to its maximun? elevation. 
The average date of latest flood flow is sometime late in May or 
early in June (Table 34, p. 136), whereas the date of maximum ground- 
water level is late in March or early in April (Tables ?2 and 33, 
p. 133). "W^'wi evaporation becomes more effective than recharge 
the water tasTjP^'^ to go down. The quantity of water normally 
absorbed from flood J?a T-^5 is only a small proportion of the total 
run-off, and large quantities of water annually flow unused into the 
ocean.
TABLE 37. Comparative discharge measurements of principal streams cf San Diego

County in 1914-15.
Tia Juana River.

Point of measurement.

2J miles above international boundary . .

Do.................................

Near Pacific Ocean. .........

Total.............................

Do.................................

Total.............................

Distance 
between 
points of 
measure-   

ment 
(miles).

| 2.5 

\ 2.8 

} L,

|- 2.8 

} 1.5

4.3

\ 2.8 

\ 1.5

4.3

Date.

Jan. 19, 1915 
/....do.......
....do....... 
....do....... 
....do.......

/Apr. 6,1915 
\...- do. ...... 
/....do....... 
\.... do. ......

/Apr. 10,1915 
\.... do. ...... 
/....do....... 
V... do. ......

Measured 
flow of 

river 
(second- 

feet).

{ 0.86
1 o

0 
0
o

44.0 
47.0 
47.0 
37.0

33.0 
32.0 
32.0 
26.0

Total grta 
(H-)orliss 

(-)in 
seconc1-

feet.

  - 0.88

. . 
\ »=   

+ 3.0

-10.0

- 7.0

*. - 4.0

f. '   6.0

  10,0

Gain(+) 
or loss (  ) 
in second- 
feet per 
mile.

0 

0

+1.1 
-6.7

-1.63

-1.4 

-4.0

-2.33

Sweetwater River.

X 7 *
/ 7' 5

/Apr. 5, 1915
\....do. ......

26.2
24.0    <£  A    U» J&

San Diego River.

Lakeside.....   .......................

Do.............   .................

Do................................

Total.................. ...........

\ 58
/ O. o

\ 8.0

} 11-5.
'

19,5

\ 9.0

/Mar. 31,1915
\.... do. ......

/Apr. 3,1915
1.... do.. '.....
/....do.......
\Apr. 4,1915

/June 2,1915
\.. --do. ......

51.0
45.0

37
a 51
a 51
656.0

72.2
C64.8

.
>   6.0

} + 1-0

} °

+ 1.0

I 2.11 -2.1

-1.03

+ais
0

+0.05

a Includes inflow into river from San Vicente Creek (Mar. 3,1915) of 13.0 second-feet.
6 Includes net effect olinflow into river from Alvarado Canyon (Mar. 4,1915) of 12.0 second-feet, and loss 

by diversion at city pumping plant (Mar. 4,1915) of 7.0 second-feet.
c Includes net effect of inflow into river from Alvarado Canyon (June 2, 1915) erf 3-0 second-feet 

estimated), and loss by diversion at city pumping plant (June 2,1915) of 8.3 second-feet,
115036° 19 WSP MO   10
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TABLE 37 Comparative discharge measurements of principal streams of San Diego 
County in 1914-15 Continued.

San Vicente Creek.

Point of measurement.

Distance 
between 
points of 
measure­ 

ment 
(miles).

} 3.3

Date.

/Apr. 5,1915

Measured 
flow of 
river 

(second- 
feet).

10.0
10.0

Total gain 
(+) or loss 

(-)in 
second- 

feet.

f  

Galn(+) 
or loss (  ) 
in second- 

feet per 
mile.

0

San Luis Rey River.

Do.................................

} 12.0
^

\ 8.0

}  9.0
'

17.0

/Feb. 5,1915
V... do. ......

/Mar. 17,1915
\....do.......
/....do.......
\Mar. 18,1915

268
325

71
73
73
67

} +57
'

1+2

I ~ 6

  4

+4.8

+0.25

  0.67

-0.23

Depletion of the reservoirs. Ground-water reservoirs lose water 
naturally (1) by evaporation of moisture raised by capillarity from the 
zone of saturation to the surface soil, (2) by transpiration from vege­ 
tation drawing moisture from the zone of saturation, (3) by return of 
water to the channel of the river or by underflow through the fill in 
the contracted neck at the lower end of the valley, and (4) by leakage 
into surrounding formations.

Losses due to evaporation occur wherever the zone of saturation is 
sufficiently close to the surface to permit the continued upward 
capillary movement of water to replace that lost by evs.poration. The 
capillary limit varies from about 2 \ to 8 feet, depending on the type of 
soil and the relative sizes of sand grains. Loss continues so long as 
the zone of saturation is within the capillary limit and is greatest 
between the middle of April and the middle of September. The 
rate of capillary movement of the water varies with the depth to 
the water table, so that the rate of loss is not the ssme in different 
parts of the areas of discharge nor at the same point at different times 
of the year, because of the lowering of the water table as the season 
advances. In this connection it has been suggested that losses due to 
evaporation might be eliminated by artificially lowering the water 
table below the capillary limit.

Transpiration in the area underlain by the valley fill occurs prin­ 
cipally from native trees, such as willow, sycamore, and alder; from 
natural grasses and close-growing plants, such as saltgrass, yerba 
mansa, and samphire; and from growing crops, such as alfalfa, sugar 
beets, and gram. The moisture may be either absorbed by the roots 
from capillary water drawn directly from the zone cf saturation or 
from water applied to the surface in irrigation. The rete of transpira-



WATEB THE MAJOK VALUEYS. 147

tion in any area depends on the kinds of plants and on the luxuriance 
and density of their growth. The losses are confined to the growing 
season and are most active while the leaves are green.

The losses from the underground reservoirs by return of water to 
the streams are negligible. During the flood-flow period such losses 
may occur at the borders of the channels where the material becomes 
saturated to the level of the flood crests, the moisture draining out to 
the level of the permanent stream within a few days after tl ^ flood 
peak has passed. Comparative discharge measurements made by 
the writer during March to June, 1915, at critical points on Tia Juana, 
Sweetwater, San Diego, and San Luis Rey rivers (Table 37) show no 
increase in the flow of the streams as they pass through the different 
valleys and indicate that during the summer and fall the retrrn flow 
is practically zero. The same fact is also shown by the following 
tables (38 and 39) compiled from records of the United States Geo­ 
logical Survey of the flow at critical points on San Luis Rey, Santa 
Ysabel, San Dieguito, and San Diego rivers.

TABLE 38. Monthly discharge, in acre-feet, at gaging stations on three -rivers in San 
Diego County for the period June to December, 1914, following a rainy season in which 
run-off was tess than the average.

Stream and point of measurement.

San Liiis Rey near Pala. .....................

June.

298
77
0

522
24

0

9O

0
0

July.

252
0
0

20
0
0

0
0
0

August.

117
0
0

6
0
0

0
0
0

Sep­ 
tember.

89
0
0

6
0
0

0
0
0

Oc­ 
tober.

257
0
0

35
0
0

0
6
0

No­ 
vember.

314
32
0

125
0
0

0
6
0

Decem­ 
ber.

515
385

0

397
0
0

0
6
0

TABLE 39. Monthly discharge, in acre-feet, at gaging stations on three rivers of San 
Diego County, for the period June to September, 1915, following a rainy season in which 
run-off exceeded the average.

Stream and point of measurement.

San Luis Rey at B onsall .......................................

San Diego at Mission dam _ ...................................

June.

4,020
4,480
5,370

2,800
1,760

1,620
696
74

July.

588
300

0

54

66
0
0

August,

433
13
0

569
53

1
0
0

Septem­ 
ber.

387
0
0

232
0

0
0
0

The data obtained at these stations, all of which are at contracted 
places in the valleys, show that during the summer and fall the 
ground-water reservoirs do not, as a rule, lose by surface flo^ at the
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lower end, even in a wet year, but rather that they absorb all water 
entering them. The increased flow during June, 1915, at lower 
stations on San Luis Hey River is due largely to inflow from lateral 
tributaries but in part to return water caused by the draining out 
of water absorbed by the channel bank during the protracted floods 
of early May.

Loss by underflow through the fill of the contracted neck at the 
lower end of the valleys is also very small. In San Pasqual, upper 
San Diego, and upper Sweetwater valleys, no such loss can occur, 
because at their lower ends these streams flow throi^gh rock-bottomed 
canyons. The fill of upper San Luis Rey Valley is connected with 
that of the lower valley by a neck of sand about 5 miles long, which 
fills an old canyon in the granite. The fill in this canyon is 60 feet 
thick at the deepest point and ranges in width from 400 to 800 feet. 
The slope of the water table is about 12 feet to the mile. The average 
velocity of underflow at a selected cross section of this canyon fill neaT 
Bonsall was determined by the writer from 11 separate observation? 
made by the Slichter method at points well distributed through th? 
section, and was found to have an average value of 5.14 feet a day, or 
about one-third of a mile a year. The rate of underflow in the entirf 
section was 0.47 cubic feet a second, or 340 acre-feet a year. The con- 
ditions were probably favorable for a rate of flow greater than the aver- 
age for the year for there was flow on the surface during the period c' 
measurement. The loss by underflow from the upper San Luis Rey 
Valley can thus be set down as less than 340 acre-feet per annum- 
This loss, however, is without doubt more than offset by the under­ 
flow into the valley at the gaging station near Pala.

The conditions for underflow from the coastal valleys into thf 
ocean are even less favorable than the conditions at the section nea^ 
Bonsall. The sands of the valley fill near the co*st are much fine' 
than those in the upper valleys, the slope is gentler, and t.here if 
back pressure from the ocean. All the valleys except Tia Juan** 
visibly contract in cross section before reaching the ocean, and f 
well logs were available it might be found that thi^1 valley also closes 
up below the surface. Thus the conditions do not indicate appreci­ 
able loss by underflow from the coastal valleys.

Loss from ground-water reservoirs in San Diego County by leakag* 
into the surrounding formations is, in general, impossible, for those 
formations are relatively impervious. Moreover, the valleys lie fa* 
below the adjacent general surface and below the bottoms of tribu­ 
tary valleys. The conditions are therefore more favorable for receiv­ 
ing water from the adjacent formations than for yielding water tc 
them. However, the contours of the water table (PI. XX) north o. 
the lower half of Tia Juana Valley and on both sides of the lower par 
of Sweetwater Valley, as drawn for January 6 and March 1, 1915
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apparently show some loss of ground water, but the amount is only 
a small percentage of the total replenishment for Tia Juana Valley 
^outh of Nestor. This is the only valley, however, in which any 
evidences of loss by lateral percolation were observed.

Summarizing the discussion of ground-water losses, it may 13 said, 
first, the only large natural ground-water losses from the major 
valleys of San Diego County, except the possible leakage out of Tia 
Tuana Valley, are due to evaporation and transpiration; and, second, 
that the ground-water losses during the annual period of the lowering 
of the water table (about Apr. 1 to Nov. 1) are nearly equal to the 
volume of water represented by the lowering of the water table plus 
the volume of water absorbed from streams during the same period.

Relation of replenishment to loss. The additions to the ground- 
^vater supply during any season tend either to raise the water table 
or to retard its lowering. The losses, on the other hand, "tend either 
to lower the water table or to retard its rise. The difference in level 
of the water table at any two dates is directly proportional to the 
difference in the accretions and losses during the period between 
these dates. If the accretions are in excess the water levels rise; 
if the losses are in excess the water levels fall; if accretions and losses 
are equal the water levels remain stationary. Table 33, which sum­ 
marizes observations on fluctuations of ground water in the major 
valleys since 1912, shows- that for a series of three years, mcluding 
one dry, one average, and one wet year, the average annual rise of 
the ground-water is practically equal to the average annual lowering. 
The stability of the water table over long periods is also indicated 
by the statements of local residents. Hence it can be concluded that 
over a series of years the ground-water rise is nearly equal to the 
ground-water lowering and therefore that average annual additions 
to ground-water supply about equal average annual losses.

Method of computing annual additions to supply of ground wter.  
The conclusions presented in the last two paragraphs can be made 
the basis of a simple method of computing the volume of the e verage 
annual additions to the ground-water supply of the underTround 
reservoirs. For simplicity in analysis the following terms will be 
used:
A=average volume, in acre-feet, annually absorbed from run-off (both stream flow 

and run-off from adjacent slopes).
B=average volume, in acre-feet, annually absorbed from direct rainfall on the 

surface of the valley fill.
C=average volume, in acre-feet, annually lost by evaporation and transpiration.
D average volume, in acre-feet, annually lost by leakage into adjacent :far*rations.
E=average annual fluctuation of water table, in feet, throughout the area" under­ 

lain by valley fill.
K=effective porosity; that is, the ratio of depth of actual water represented by 

fluctuation of water table, if spread over an equal area, to observed fluctuation.
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S=area underlain by valley fill, in acres.
a=average volume, in acre-feet, annually absorbed from run-off during period of

lowering of the water table (Apr. 1 to Nov. 1). 
c=average volume, in acre-feet, annually lost by evaporatior and transpiration

during period of lowering of the water table (Apr. 1 to Nov. 1) . 
m=ratio of loss by evaporation and transpiration in the period April 1 to October

31, to the loss during the whole year.

The two following relations exist among the above quantities as a 
result of the conclusions stated:

(1) c=(ExKxS)+a.
(2) A+B = C + D.
A third relation exists by reason of the definitions of terms used.
(3) c=mxC.
As a result of these relations and by performing simple algebraic 

operations the following relation exists:

Values for all elements of the second member of this equation are 
available from observations made during the yeare 1912 to 1915, 
as follows:

E, the average annual fluctuation of the water table, is known 
from direct observation for the period 1912-1915 in upper San Diego, 
San Pasqual, and San Luis Key valleys (Table 33). The average 
rise is determined from observations for the seasor 1914-15 in all 
majorvalleys (Table 32) . The ratio of the average rip* for the season 
1914 15 to the average annual fluctuation for the three valleys for 
which complete data are available is 1.30 (Table 33). The average 
annual fluctuation for other valleys can be approximately obtained 
by applying this ratio.

K, the effective porosity   that is, the percentage by volume of the 
porous valley fill drained and filled by the annual f aJl and rise of the 
water table   has been estimated from the results of several porosity 
tests, described on pages 121-123, at 34 per cent. This percentage 
undoubtedly varies considerably in different valleys and was deter­ 
mined approximately for each valley by a study of local conditions.

D, the average quantity lost by leakage into adjacent formations, 
is believed to be negligible for all the valleys except Tfa Juana Valley, 
for which 500 acre-feet was adopted as more nearly the average than 
the quantity lost in 1915 (pp. 146-149). -

a, the average quantity absorbed during the lowering of the water 
table, was computed from run-off data obtained by the United States 
Geological Survey at gaging stations in each valley during the years 
1912 to 1915, and was averaged for each valley. TH results should 
be very close to an average for a long period. (See Table 20.)

m, the ratio of loss by evaporation and transpiration from April 1 
to October 31 to the loss during the year, was computed from the
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three-year record of evaporation obtained from a floating pan at 
La Mesa reservoir (Table 26, p. 102). The average ratio of the loss 
by evaporation from this reservoir from April 1 to October 31 to the 
loss for the whole year for the three years 1913 to 1915 is 0.752.

S, the area, in acres, underlain by the valley nil, was computed by 
planimeter from Plates XX to XXV, and included the arer. of both 
deep and shallow fin in the major valleys. The area of valley fill 
at the head of Tia Juana Valley in Mexico, about 690 acr0®, is in­ 
cluded.

TABLE 40. Observed and computed data regarding ground-water intake in mijor valleys 
of San Diego County, Calif.

Valley.

Santa Margarita ................
San Luis Key (upper) ..........
SanLuis Key (lower)...........
San Pasqual. ...................

Tia Juana......................

S.

Acres. 
3,640
4,376
3,270
1,880
2,210
3,120
2,470
1,065
1,532
4,380

97 QjW

E.

Feet. 
(3.00)
3.00
3.00
3.60

(3.00)
A. 9ft

4 00
3.16
o no
5 45

K.

Pet cent. 
(0.33)

.38

.32

.38

.33

.38

.33

.38
00

.31

D.

Acre-feet. 
0
0
0
0
0
0
0
0
0

700

..........

a.

Acre-feet. 
(1.000)
1,910

820
2.220

360
1,040

WO
420

0
910

m.

0.752
.752
.752
.7^
.752.7"*»
.?  ?
.77'?.?" ?
.752

A+B.

Acre-feet. 
6.115
9,180
5,270
6,380
3,390
8,130
4,600
2,260
1,400

11,550

58,275

NOTE. The quantities in the last column of the table (the term A+B of equation 4) represent the average 
annual additions ;to ground water from all available sources. The quantities in parentheses are approxi­ 
mate.

Accuracy of computations. As several of the factors in the computa­ 
tions are based on inadequate data the determinations contain a 
large percentage of error. The greatest uncertainty exists hi regard 
to the effective porosity (K), on account of the small number of 
porosity tests that were made, in regard to the average annual 
fluctuation of the water table (E), and the volume of stream water 
(a) absorbed from April 1 to November 1, on account of the shortness 
of the periods of observation.

The average annual yield that is, the maximum quantity that 
can be withdrawn for use from year to year without depleting the 
supply is not the same as the intake, which is shown hi the last 
column of Table 40. The yield can be definitely determined only 
by large development and use of the water for a period of years. 
One of the principal elements of uncertainty in the relation of intake 
to yield is the extent to which the installation and use of pumping 
plants will reduce evaporation and transpiration from uncultivated 
land. Pumping at wells whose circle of influence includes tt^ stream 
channel at a period when the stream is still flowing draws some water 
directly from the stream. Table 34 (p. 136) shows that this period 
usually includes the months April, May, and June. By lowering 
the water table below its normal level at the eiid of the season (Nov.
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1), pumping withdraws water that would otherwise remain in the 
ground, and this water is replaced during the succeeding rainy 
season. These processes represent absorption from run-off in excess 
of the natural absorption. By prematurely lowering the water 
table over more or less extended areas during May to October, 
pumping reduces natural losses from evaporation, for it withdraws 
ground water that would otherwise be lost into the atmosphere. 
This process substitutes evaporation and transpiration from culti­ 
vated fields for that from uncultivated land. Where most of the 
large wells are within about 500 feet of the stream channel and the 
normal period of flow of the stream extends well into tTune, the yield 
may be greater than the natural ground-water recharge; where 
most of the large wells are more than 500 feet from the stream channel 
and the normal period of flow of the stream ends in .April or earlier, 
the yield may be less than the natural recharge. If the wells 
draw extensively from a large body of open gravels that lie under 
finer materials, as in Tia Juana Valley, and if the gravels receive 
much water directly from the stream in the upper part of the valley, 
as they may in this valley, the yield may exceed the natural recharge. 
It is not possible with the available data to classify r^ore definitely 
the valleys with respect to relation of yield to normal recharge.

If the total intake (see last column of Table 40) could be completely 
utilized for irrigating alfalfa and general field crops on valley lands, and 
with an average net duty of the water of 1.5 acre-feet per acre, the 
supply would be sufficient to irrigate about 36,000 acres, an area larger 
than the total area of these valleys, as shown in the second column of 
Table 40, page 151. In the estimate of the duty of water it is assumed 
that one-half the land is planted in alfalfa and requires 3 acre-feet 
per acre, and that the other half is in general crops requiring 1 acre- 
foot per acre, and that one-third of the water applied in irrigation of 
alfalfa is returned to the ground-water reservoir. For irrigating 
citrus crops on the mesa and foothill lands less water would be re­ 
quired to the acre but practically none of it would percolate back to 
the ground-water reservoir. The available supply could not be 
completely utilized on mesa lands, however, by pumping from a few 
groups of wells in each valley for, on account of the configuration 
and shallow depth of the valley fill, complete utilization would require 
many groups of wells and many widely distributed pimping plants 
feeding one or more "booster" plants in each valley. For economic 
reasons the available ground-water supply of the major valley 
therefore can not now be used exclusively in the irrigation of mesa 
lands. It will doubtless ultimately serve a large proportion of the 
arable valley lands, the best agricultural lands along the margins 
of these valleys, and a number of favorably situated 1 Tncks of mesa 
land. Data contained in the report of the Conservation Commission
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of California l show that in 1912 3,050 acres in San Diego County 
were irrigated with water derived from the major valleys. T"^ area 
has been considerably increased since 1912, but the writer's investi­ 
gations indicate that in 1915 it did not exceed 8,000 acres. Making 
allowances for inaccuracies in the computations, the writer believes 
that the ground waters of these valleys are adequate to serve much 
more land than has hitherto beer brought under cultivation,

SAFE YIEUX

The safe yield of ground-water reservoirs in San Diego County 
for domestic and municipal supplies, as defined on page 154, depends 
on their ability to meet withdrawals during periods of severe drought 
extending over several years during which they may receive little 
or no replenishment; In computing the safe yield the volume of 
water that is normally held in the valley fill and that can be ex­ 
tracted during a three-year period was determined, it being assumed 
that no replenishment takes place during this period, that adequate 
replenishment will take place during the next year, and -that com­ 
plete replenishment will take place before the occurrence of another 
three-year drought. Since safe yield is that required for domestic 
and municipal uses the effect of pumping on the lowering of the 
water table and the practicable draw down in wells need not be 
considered so carefully as, for reasons of economy, it mus* be in 
pumping for irrigation. The allowable depression of the water 
table in each valley was estimated from a study of the logs of wells 
(figs. 8, 15, and Pis. XXVI to XXIX), the profiles and cross sec­ 
tions (figs. 9-14), and the probable draw down in wells as de­ 
termined from pumping tests. The quantity of water that could 
be drained by pumping from the valley fill was assumed to be 
25 per cent in the upper valleys and 20 per cent in the coastal 
valleys except lower San Luis Rey Valley and Santa Mf.rgarita 
Valley, where, on account of the large proportion of fine materials, 
15 per cent was considered more nearly correct. Table 41 shows 
the results of the study for each valley, the last column giving the 
approximate annual safe yield in acre-feet. The figures in the 
column headed "Effective area of valley fill" were obtained from 
those in the first column by deducting areas of shallow valley fill 
that will yield little water and areas in which the water probably 
contains so much mineral matter thai it is unsuitable for domestic 
uses. In Sweetwater Valley, from which all but local run-off is 
withheld by Sweetwater reservoir, the safe yield a» thus computed 
was reduced 50 per cent because the only sources of ground-water 
replenishment are direct rainfall, local run-off, and seepage returned

i Tait, C. E., Irrigation resources of southern California: Bept. Conservation Comm. of CaTfamis, pp. 
29-305,1913.
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from irrigation, by gravity under the Sweetwater Water Co.'s system. 
The quantities of water indicated by the last column of the table 
could probably be removed from the valleys every year without 
causing serious depletion during long periods of drought. The 
utilization of the water for domestic and municipal supplies reduces, 
of course, the quantity available for irrigation.

TABLE 41. Estimated annual safe yield of ground water available for domestic and 
municipal supplies from major valleys of San Diego Courtyf Calif.

Valley.

Area 
under­ 
lain by 
valley 

fill.

Acres. 
3,640 
4,376 
3,270 
1,880 
2,210 
3,120 
2,470 
1.065 
1,532 
4,380

27,943

Effec­ 
tive 

area of 
valley 

fill.

Acres. 
1,820 
3,060 
1,635 
1,320 
1,220 
2,180 
1.480 

750 
920 

2,630

Assumed 
average 
deptn 
water 
table 

could be 
lowered 
by end of 
3 years.

Feet. 
50 
30 
50 
40 
30 
30 
30 
30 
30 
45

Per
cent of 
volume 

that 
could be 
drained.

15 
25 
15 
25 
20 
25 
20 
25 
20 
20

Totsrl 
volume 

extractedby.
pumpmg 
durirg 
3-yeE,r 

 perioi.

Acre-feet. 
13,700 
23,0^0 
12, fX) 
13,^^0 

7,fOO 
16.400 
8,f«0 
5,620 
5,500 

23, TOO

Approximate 
annual 

safe yield.

Acre- 
feet.

4,570 
7,640 
4,100 
4,400 
2,430 
5,470 
2,960 
1,870 
1,100 
7,900

42,470

Million 
gallons 

per day.

4.1 
6.8 
3.7 
3.9 
2.2 
4.9 
2.6 
1.7 
1.0 
7.1

37.9

For large single projects, for either domestic supply or for irriga­ 
tion, the ground-water reservoirs can be used most advantageously 
in connection with surface-water reservoirs that intercept and hold 
the winter run-off. Indeed the relatively small yield of the ground- 
water reservoirs makes such procedure imperatively necessary. 
The principal advantage of the procedure, other than that of increas­ 
ing the supply, is that the ground-water reservoir prc vides a depend­ 
able reserve which is free from loss by evaporation or catastrophe 
and, for the most part, from danger of pollution, which can be 
drawn upon heavily in emergency, and which is available after the 
surface reservoirs have been polluted or depleted by extended drought. 
If the cost of pumpmg is not great, the operation cf the pumps to 
full capacity during the period of river flow will s^.ve the surface 
water held in storage without depleting the ground-water storage, the 
effect being that of increased diversion from the stream. This method 
also has the advantage of providing a clear, potable water at a time 
when surface waters are likely to be turbid.

There is a popular belief, which is held even by some engineers, 
that wells in the valley fill draw from a large underground stream 
that follows more or less closely the course of the river channel and 
maintains the level of the ground-water surface under adjacent 
lands by lateral percolation. According to the popular conception,
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this stream, although perhaps not moving so rapidly as a surface 
stream, has a very noticeable velocity, and the withdrawal of water 
at any point by pumping from a well is equivalent to a diversion 
from a surface stream and reduces the volume of underflow and the 
supply available to other wells downstream. The writer's investi­ 
gations, however, indicate that such a belief is entirely unwarranted. 
As has already been shown (see p. 148) the ground water in the valley 
fill moves downstream very slowly, the measured advance at a narrow 
cross section where conditions were favorable for rapid movement 
being only one-third of a mile a year. The ground water, in fact, 
occupies a series of reservoirs represented by the valley fill and does 
not move in distinct streams any more than does the wa.ter in a 
surface reservoir or lake. When filling of these reservoirs ceases, 
late in the spring, there is a very slow general movement of water 
from the upper toward the lower part of each reservoir, but there is 
no particular segregation into bodies of moving and standing ground 
water, and certainly there is no continuous underflow through the 
basins. The effect of pumping from a well in the valley fill is indi­ 
cated by the lowering of the water level in the vicinity of the well, 
just as pumping from a surface reservoir lowers the water level. 
The lowering does not, however, occur over the whole surface of an 
underground reservoir but is confined to a circle whose center is near 
the well. The diameter of this circle gradually increases if heavy 
pumping is carried on without intermission, and during tl :<* course 
of a long pumping season the circle of influence may extend out 
1,000 feet or more from the well. The effect of intermittent pumping, 
however, does not extend far from the well, as the circle of influence 
shrinks when pumping ceases. The only wells that are affected by 
pumping are those within the circle of influence. The lowering of 
the water table that occurs around a well during any pumping 
season will normally be counteracted during the following vdnter by 
replenishment of the local ground-water supply from precipitation 
and run-off, so that the effect of the previous season's pumping is 
thus entirely overcome. It is therefore obvious that the effect of 
pumping is confined to the vicinity of the well from which water is 
drawn and is not a diversion from an underground stream on which 
all lower wells are depending for their supplies.

YIELD OF WELLS. 

CONDITIONS AFFECTING YIELD.

The yield of wells in the fill of the major valleys of San Diego 
County depends mainly on (1) the capacity of the material of the 
water-bearing stratum to transmit water, (2) the thickness of the 
water-bearing stratum, (3) the drawdown, or lowering of the water 
level in the well during pumping, (4) the size and shape of the well,
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and (5) the length and kind of the screen or perforated area and the 
methods of cleaning and developing the well.

The capacity of the material of the water-bearing stratum to trans­ 
mit water the condition having the greatest effect on the yield of 
wells depends mainly on the effective size of grair and on the 
porosity of the water-bearing material. Experiments have shown 
that the flow of water through any material varies as the square of 
the effective size of grain; hence doubling the effective size of grain 
will quadruple the flow of water. Likewise, the flo1^ of water is 
also greatly increased with an increase in porosity. The alluvial 
materials composing the valley fill in San Diego Count7 are made up 
of particles nonuniform in size, the smaller filling the voids or 
spaces between the larger. The porosity of such materials is much 
smaller than that of a material composed of particles uniform in 
size. Thus although large boulders or cobblestones scattered through 
a sand or fine gravel increase the effective size of grain they decrease 
rather than increase the transmission capacity of the sand or fine 
gravel, because the decrease in porosity of the materal more than 
offsets the increase in effective size of grain. Slichter * has expressed 
the capacity of a water-bearing material to transmit wj^ter by means 
of a coefficient which he has termed the "transmission constant.'' 
This constant varies mainly with the size of grain and the porosity 
of the material and is defined as the quantity of water, in cubic feet, 
that is transmitted in one minute through a cylinder of material 1 
foot long and 1 square foot in cross section, under a difference in 
head at the ends of 1 foot of water. Other things be;ng equal, the 
yield of a well is directly proportional to the transmission constant 
of the water-bearing material.

In its effect on yield the thickness of the water-bearng stratum is 
closely allied to its transmission capacity. If the water-bearing 
strata penetrated in two wells are of the same material, the well in 
which the water-bearing material is thickest will yield the greater 
quantity of water, provided, of course, that the casing of the well 
permits the water to enter along the entire depth of the stratum.

Nearly equal to transmission capacity in its effect on yield of wells 
is the lowering of the water level during pumping, for the amount of 
lowering, or the "drawdown," determines the head under which 
water flows into the well. Other things being equal, the yield of a 
well varies directly with the drawdown. If, however, the drawdown 
is so large that the water level is forced below the top of the intake 
of the well, the resulting decrease in area available for the entrance 
of water obviously affects the yield and changes the relation. The 
amount of drawdown is specially significant in shallow wells, where

1 Slichter, C. S., The rate of movement of underground waters: U. S. Geol. S irvey Water-Supply 
Paper 140, pp 10-15, 1905.
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it directly limits the entrance area. The yield of a well will not vary 
directly with the drawdown if an appreciable part of the drawdown 
is due to entrance head. Entrance head represents the pressure of 
water necessary to produce flow through the perforaticiis of the 
well casing and depends on the size and shape of the perforations 
and their freedom from obstructions, as, for example, by particles of 
sand and gravel. The amount of drawdown that is desirable- must 
be determined by carefully considering the relation of value of yield 
to cost of pumping. The value of the greater yield obtained by an 
increase in drawdown may be more than offset by the increase in 
the cost of pumping due to the greater lift. The economical draw­ 
down in any well can be determined only by studying the local 
conditions.

Size has greatest effect in shallow wells, which are relatively large 
in diameter as compared with depth, as, for example, in dug wells of 
the pit type. In such wells the yield seems to be directly propor­ 
tional to the diameter. In drilled wells, most of which ajn less than 
12 inches in diameter, the effect of diameter on yield is not so direct, 
but greater diameter permits the water to enter at a lower velocity, 
thus decreasing the head lost in friction in passing through the 
water-bearing material. If the water-bearing stratum is composed 
of fine material the dependence of yield on diameter of the well is 
much less t&an is commonly supposed; but if the material is fine 
sand the larger well is more advantageous because, owing to the 
lower entrance velocity of the water, the well is less likely to become 
clogged with sand. In California 10-inch or 12-inch casiig is com­ 
monly used in irrigation wells. Some authorities recommend that 
8-inch casing should be the largest used in ordinary irrigation wells, 
but for the conditions usual in California, where the wells are drilled in 
soft material and the price per foot is practically the sam e for wells 
from 7 inches to 14 inches in diameter, the only advantage of an 
8-inch over a 12-inch well is the difference in the cost of casing, a 
difference that would be comparatively small except for very deep 
wells. The advantages of the 12-inch well over the 8-inch are some­ 
what greater yield for the same water-bearing stratum, less likeli­ 
hood of clogging through entrance of sand, and greater ease of sinking 
by the methods of drilling ordinarily used. This last advantage is 
particularly great in drilling in formations containing cobbles or 
boulders, in which it may be impossible to use casing smaller than 
12 inches in diameter. The use of casings as large as 16 to 24 inches 
in diameter is usually advantageous only where the water-bearing 
material is very coarse and it is not recommended for wells in San 
Diego County.

The area and design of the screen affect the yield of a well because 
of the head lost through entrance of water into the well. If the
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screen is clogged, or if the perforations are not ample the yield is 
decreased. Other conditions remaining the same, the yield of a 
well will be increased by installing a screen or putting in perforations 
designed to reduce the entrance head as much as possible; at the 
same time clogging of the well must be prevented.

TESTS OF YIELD OF WELLS.

PURPOSE AND METHODS OF TESTS.

The best method of estimating the probable yield of a well before 
it is sunk is from tests of wells sunk in the same neighborhood or in 
similar formations. The nearer the position of the prospective 
well to the tested well the closer can its yield be estimated, because 
of the greater probability that it will penetrate similar water-bearing 
strata. If the prospective well is not near a tested well its probable 
yield can best be estimated from tests of wells sunk in formations 
of the same type.

The yield of wells can not be compared directly unless their draw 
down is the same. To make such a comparison it is necessary to 
determine for each well its "specific capacity," or the quantity of 
water furnished by the well for a unit lowering of the water level in 
the well by pumping. Specific capacity is usually expressed in 
gallons per minute per foot of draw down. For >^ells which are 
similarly perforated and which penetrate similar "water-bearing 
strata the specific capacities will be found about the same. The 
specific capacity of wells, determined by test, is the best index of 
the yield of proposed wells drawing from the same formation.

Another term used in expressing the yield of wells is the " specific 
capacity of the formation." It is defined as the yield in gallons per 
minute per foot of drawdown for each square foot of perforated or 
strainer area, and it is perhaps a more accurate term for comparing 
the yield of wells than "specific capacity," as it takes into account 
the available area for entrance of the water.

Many of the wells that have been drilled in San I : ego County do 
not yield as much water as they would if they had been properly 
constructed, and in order that those who contemplate sinking wells 
may benefit by the knowledge already gained, tbe writer made 
pumping tests to determine the yield and the specific capacity of 
several typical wells. In each of the tests the installed pumping 
equipment was used, and the runs were continued until the draw-, 
down ceased to increase. Most of the tests covered en hour or more. 
The discharge from the pump was measured with a 2-foot Cippoletti 
weir, with a current meter, or with a tank of known dimensions. 
The drawdown was measured with a tape or was estimated from the 
vacuum gage readings after making due allowance for head lost in 
the suction lines.
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RESULTS OF TESTS.

WeU KJfi. The pumping plant owned by C. A. Van Houten, in 
Mission Valley, about 3 miles northeast of San Diego, comprises 
five drilled wells, 60 feet apart, connected with the same pump. 
Each well is provided with 10-inch standard screw casing sunk to 
an average depth of 80 feet. The principal water-bearing stratum is 
fine, clean gravel, between the depths of 70 and 80 feet. Th^ section 
of the casing that penetrates the water-bearing stratum is perforated 
with drilled holes. (For logs of wells see PL XXVIII.) Th«. normal 
water level in the wells varies during the year from 6 to 8 f e^t below 
the surface, and at the time of the test was about 8 feet.

During the test, which lasted five hours, the wells were pumped at 
the rate of 614 gallons a minute. The drawdown was estimated at 
22 feet, which carried the water level to about 30 feet below the sur­ 
face. The yield of each well was therefore about 6 gallons pe" minute 
per foot of drawdown or, for a perforated area of 131 square feet, 
about 0.21 gallon per minute per foot of drawdown for each square 
foot of perforated area. The low specific capacity of these wells 
suggests that they were not drawing freely from the water-bearing 
stratum.

WeU L 82. The pumping plant owned by J. Johnson, jr., in the 
upper San Diego River valley, about 3 miles west of Lakeside, com­ 
prises 10 drilled wells, 60 feet apart, interconnected to the same 
pump. In each well 12-inch double stovepipe casing is sunk to an 
average depth of 60 feet. The log of the wells (PI. XXIX) shows 
that the principal water-bearing stratum extends from 10 fe^t below 
the surface to 60 feet below the surface. The normal water level 
in the wells ranges during the year from about 8 feet to 12 fe°>t below 
the surface, and at the time of the test was about 8 feet below.

The wells were pumped 48 minutes at the rate of 2,475 gallons per 
minute. The full drawndown, estimated at 12 feet (maHng the 
water level 20 feet below the surface of the ground) was reached 
almost immediately after pumping was started. The yield of each 
well was therefore about 21 gallons per minute per foot of drawdown 
or, for an estimated perforated area of 400 square feet, about 0.53 
gallon per minute per square foot of perforated area.

Well 0 132. The pumping plant owned by C. M. Richardson, in 
sec. 34, T. 18 S., R. 2 W., in Tia Juana Valley, about 2 miles south­ 
east of Nestor, comprises two drilled wells, 72 feet apart, connected 
to the same pump. In these wells 12-inch, casing is sunk to a depth 
of 68 feet, the last 17 feet in gravel, which is the principal source of 
the water. (For logs of wells see PL XXVI.) The lower ends of 
the casings are perforated along a length of 12 feet. The water level 
in the wells, according to the owner, is normally 9 feet below the 
surface of the ground.
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For a period of one hour the wells were pumped at the rate of 
1,120 gallons per minute. During the first 15 irmutes the water 
level was drawn down an estimated distance of 27 feet below its 
normal level, or 36 feet below the surface of the ground, where it 
remained to the end of the test. Each well yielded, therefore, a 
little more than 20 gallons per minute for each foot of drawdown, or 
about 0.55 gallon per minute per square foot of perforated area per 
foot of drawdown. This well appears to be typical of wells in Tia 
Juana Valley, which penetrate the gravel that underlies most of the 
valley at depths ranging from 50 to 75 feet (figs. 9 anc1 10, pp. 112,113).

Wells at Mission Valley pumping plant of San Diego city. The 
wells at the Mission Valley pumping plant owned and used by the 
city of San Diego for municipal water supply wer~3 tested for yield

Well Standpipe Pipe line

FIGUEE 16. Plan of Mission Valley pumping plant of the city of San Diego.

from November 16 to December 27,1914, by H. A. Whitney, hydraulic 
engineer cf the city water department. The tests are reported here 
because they furnish additional information as to the yield of wells 
in Mission Valley. The only test made by the writer in this valley 
was that on well K 41 (p. 159), whose yield is apparently not repre­ 
sentative of that which should be expected from weT ls that penetrate 
the gravel underlying this valley.

The relative positions of the city wells are shown in the sketch map 
forming figure 16 and the logs of the wells in Plate 7XVTII (p. 116). 
The principal water-bearing stratum in each well is gravel and ranges 
in thickness from 5 to 16 feet. In some of the wells, notably in well 
K 90, the stratum of gravel from which the water is drawn contains 
some clay, and wells K 93, K 96, and K 91 draw partly from such a 
formation. These drilled wells are lined with 12-inch stovepipe 
casing and are perforated where they pass through the water-bearing



WATER IN THE MAJOE VALLEYS. 161

stratum. Each well was equipped with a pump. The resvlts of the 
tests and tibe computations of specific capacity are given in Table 42. 
The drawdown recorded in the table was reached about 10 minutes 
after pumping was started in all the wells except K 105, in which the 
maximum drawdown was reached in about 20 minutes. For many 
of the wells the length of the perforated casing was not krown, but 
for these it was assumed to equal the thickness of the water-bearing 
stratum, and that asumption was used in computing the specific 
capacity of the gravels.
TABIE 42. Summary of tests of San Diego city wells at Mission Valley pumving plant.
[Tests made Nov. 16 to Dee. 27, 1914, by H. A. Whitney, hydraulic engineer, Department of Water,

city of San Diego.]

Well No.

K 88...... ...........
KM.................
K96.. ...............
K 100.... ............
K 102... .............
K97.... .............
K 94.. ...............
K 92... ....... .......
K91.......... .......
K90.... ...... .......
K 105.... ............

Duration 
of test 

(hours).

24
24
24
24
24
24
24
24
24
24
24

Total 
depth of 

well 
(feet).

90
82
80
80
80
80
58
60
75
45
80

Thick­ 
ness of 
water­ 

bearing, 
stratum.

08
15

oil
12
12
14
9

12
oil

7
12

Draw- 
down 
(feet).

18.50
12.80
25.40
10.40

12.70
11.60
16.20
30.10
24.20
33.50

Total 
yield 

(gallons 
per 

minute).

477
477
432
477
477
477
504
504
407
477
369

Specific
capacity
of well 
(gallons 

per 
minute 
perfect
of draw­
down).

25.8
37.2
17.0
45.9

37.6
43.5
31.1
13.5
19.7
11.0

Ares of
perfo­ 

rated or 
strainer 
snrfivtt 
(squire

feeft>.

25.1
5 1* 6
47.2
37.7
2o.l
44.02-> 3
3'. 7
15.7
22.0
211

Specific
capacity
of gravels
(gallons

per 
minute 
per foot 
of draw­ 
down per
square
foot of

strainer
surface).

1.027
.658
.360

61.219

.855
61.538

6.825
6.860
6.896
.439

« Gravel, 5 feet; remainder gravel and clay.
& Figures obtained by assuming the length of perforated area equal to the depth of water-bearing stratum.

The records show clearly that wells sunk near each other in the fill 
of the major vaUeysmay differ greatly in yield. Forexample, wellK 100 
yielded nearly 46 gallons per minute per foot of drawdown, whereas 
K 105 yielded only 11 gallons per minute per foot.of drawdown, 
though each well, according to the driller's log, penetrated 12 feet of 
gravel. Other variations in yield are almost as striking. As the 
wide difference in yield between wells K 100 and K 105 c<\n not be 
ascribed entirely to differences in the gravel stratum, it must be con­ 
cluded that well K105 was, for some reason, not drawing freely from 
the gravels. Employees in charge of the pumping plant report that 
well K 105 has always produced poorly.

The specific capacity of the gravels in the water-bearing formations 
of Mission Valley, as expressed by the yield of the wells in gallons per 
minute per foot of drawdown per square foot of perforatei area, is 
shown in Table 42 to vary from 0.360 to 1.538. The lowest capacity 
was obtained in the test of well K 96, which passed through c nly 5 feet 
of gravel and draws partly from a formation including gravel and clay.

115536° I& WSP 446  11
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DISCUSSION OF WELL TESTS.

A summary of the results of tests for yield of wells in the fill of the 
major valleys of San Diego County, including the observations and 
the computations of specific capacity, is given in Table 43. Re­ 
sults obtained from tests of the San Diego city wells in Mission Valley 
are recorded in Table 42.

These tests show in general the dependence of yield on the character 
and thickness of the water-bearing material. The specific capacity 
of the wells tested ranged from 6 to 45 gallons per minute per foot of 
drawdown. The smallest and largest yields were obtained from wells 
K 41 and K 100, respectively, which are in Mission Valley and are only 
about 2 miles apart and which draw their water from gravels that are 
similar in character and thickness. The great difference in yield is 
probably due to clogging of well K 41, so that water from the gravels 
does not enter freely. Clogging no doubt also accounts for the low 
specific capacity only 11 gallons per minute of well K 105, in which, 
according to the driller's log, the stratum of gravel i^ as thick as in 
weU K100 (PL XXVIII). All the other wells tested in Mission Valley 
yielded more water than either well K41 or K 105, though many of 
them, according to the driller's logs, draw water from strata inferior 
to those supplying K 41 and K 105. Except for the^e two wells the 
tests indicate that the specific capacity of the wells depends on the 
character and thickness of the water-bearing strata, being largest for 
wells that draw water from the thickest and most open gravels.

TABLE 43. Summary of tests of typical wells in San Diego County.
Wells In fill of major valleys.

WeU
No.

O132

K41

L82

Owner.

,
CL M. Kichardson..

C.A.VanHouten.

J.Johnson, jr.....

Location.

TiaJuana Val­
ley.

Diego Kiver.

Formation.

Valley fill.

.....do.....

.....do....

Thick­ 
ness 

of 
water­ 
bearing 
strat­ 
um

(feet).

17

10

50

Draw­ 
down 
(feet).

27

22

12

Total 
yield 

(gallons 
per 

minute).

al,120

6614

"2,475

Specific
capac­ 
ity of 
well 

(gallons 
per 

minute 
""jr foot 

of
draw­
down).

20

6

21

Area of 
perfo­ 
rated 

or 
strainer 
surface 
(square
feet).

75.4

rf!31

<*400

Specific 
capac­ 
ity of
grav­ 
els, e

0.55

dO.21

<*0.53

Wells on Nestor and Chula Vista terraces.

O115

047

0102

W.E. Williams. .

Tucker & Evans..

Tia Juana Val-
ley.

Nestor.

east of Nestor.

formation. 
.....do.....

.....do.....

3

14

15.25

21

231

373

116.5

15

18

Wells in residuum.

T,?4

L98

J.Mfller.. ...
El Cajon.

El Cajon.
.....do.....

32

62.5

20.8

24.7

156

79

7.5

3.2

» 2 wells. c 10 wells. « Gallons per minute of drawdown per square foot of strainer surface. 
& 5 wells. 4 Estimated.
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The specific capacity of the water-bearing materials is shown by 
the tests to vary from Q.21 to 1.538, the larger capacities being found, 
as before, in wells drawing water from the more open and thicker 
gravels, although a few exceptions may be noted. On the whole, the 
specific capacities of these gravels may be said to be high, for in many 
sections of the country a yield of 0.33 gallon per minute per foot of 
drawdown per square foot of perforated area would be con^dered 
good.

The tests indicate that wells sunk in the major valleys of San Diego 
County, penetrating a considerable depth of coarse sand or frOT»i 10 to 
15 feet of open gravel, such, as lies at the bottom of the ancient river 
valleys, if properly perforated or equipped with strainers, may be ex­ 
pected to yield at least 20 gallons per minute per foot of drawdown. 
Where conditions are most favorable that is, where the well passes 
through open gravel more than 10 feet thick and the casing is skill­ 
fully perforated the specific capacity may amount to at least 30 gal­ 
lons per minute per foot of drawdown; where conditions are poor  
where the water-bearing formation contains little or no gravel and 
only a moderately thick stratum of coarse sand and the perforations 
are too large, too small, or too few the specific capacity of tH wells 
may be considerably less than 20 gallons. For a drawdown of 10 feet 
in drilled wells provided with 10 or 12 inch casing, a very good well 
should yield 300 gallons per minute or more, an average well 250 gal­ 
lons per minute, and a poor well less than 200 gallons per minute; for 
a drawdown greater or less than 10 feet the total yield would be pro­ 
portionally larger or smaller if other conditions remained the mne.

The drawdown to be assumed in estimating the yield cf wells 
depends on the relation of yield desired to the saving in cost to be 
effected and should be carefully computed for each pumping plant. 
A drawdown as great as 20 feet will rarely be found profitable. If 
the estimated yield of a single well for a moderate drawdown is too 
small, the desired yield can perhaps best be obtained by sinking two 
or more wells, 60 to 100 feet apart, and connecting them with the 
same pump. Pumping plants of this type are very commor. in the 
valley areas and are usually successful. For example, if the specific 
capacity is estimated at 20 gallons per minute, a total yield of 400 
gallons per minute may be obtained either from a single well with 
20-foot drawdown or from two wells with a drawdown of al^out 10 
feet, allowance being made for a small additional drawdown to coun­ 
teract interference. The choice must be based on comparison of the 
annual cost of pumping and the interest on the cost of sinking the 
well or wells.

The practical difficulty of closely estimating the yield of a well 
before sinking it must, however, be clearly remembered. Though 
the material composing the fill of the major valleys is fairly Tiniform
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in character and distribution, the logs of individual wells show marked 
variations, some of them within rather short distances; therefore th^ 
probable yield can be only roughly estimated. In other w.ords, thf 
generalized figures given in the preceding paragraphs are intended 
for use only as a guide.

METHODS OF SINKING WELLS.

The common method of sinking wells in the major valleys of San 
Diego County is the well-known California or stovepipe method,1 
which is well adapted for use in the loose sand and gravel (in few 
places exceeding 100 feet in thickness) that form the water-bearing 
strata in these valleys. Good wells range in depth from 50 to 100 
feet, except in the lower part of San Luis Key Valhy and possibly o* 
Santa Margarita Valley, where the valley fill in places exceeds 200 
feet in thickness and the best wells are 160 to 210 feet deep.

No particular difficulty is experienced in drilling, although in some 
places beds of cobblestones and boulders, that are hard to penetrate, 
are encountered at the bottom of the valley fill. Such beds are usually 
open, however, and yield water so freely that there is seldom an;~ 
reason for drilling through them. In Tia Juana Valley a number of 
very good wells draw their entire supply from such a bed at the bottom, 
the casing being without perforations. It is customary, however, to 
perforate the well casing at all strata of coarse sand and gravel in 
order to increase the yield. The perforations consist of vertical slits 
from three-sixteenths to five-sixteenths inch wide pud about 8 inches* 
long. The cuts are made with a knife that is thrust through the 
casing at the position desired and then slowly drawn upward the 
desired length with hydraulic jacks. For wells entirely in fine sand 
or material which does not readily yield water, it has been found 
possible to increase the yield greatly by running coarse gravel down 
around the outside of the casing. This is done by depositing the 
gravel around the casing at the surface, and then withdrawing 
material from the bottom of the casing with the sand bucket. The 
sand around the casing gradually settles, carrying the gravel down 
with it. There is thus created around the well a cylinder of coarser 
material which, when the casing is perforated am? the well cleaned, 
gives a greatly enlarged percolating surface and also prevents fine 
material from entering the perforations and cloggii] g the well. Wells 
which would be classed as failures have by this method been made to 
yield as much as those in more favorable formations. An experi­ 
enced local driller who has used this method extensively states that 
it is not wise to employ it where the casing passes through one or 
more layers of clay in the sand, as the clay has a tendency to plaster 
the outside of the casing and shut out the water.

i SUchter, C. S., The rate of movement of underground waters: U. S. Oeol. Survey Water-Supply 
Paper 140, p. 98,1905.
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Prices for weU drilling by this method vary somewhat, depending 
on the local conditions and the cost of well casing. In August and 
September of 1914 a number of wells were put down in Mission 
Valley for the city of San Diego by Mr. A. H. Hatherly, a local driller, 
who has had more than 10 years' experience in San Diego County. 
The contract price -was $2.95 per foot for ordinary material and $4 
per foot for boulders or rock. A charge of $15 per day additional 
was made for perforating, cleaning, and similar work. The p4ce pep 
foot included 12-inch stovepipe casing at $1 per foot. The average 
cost to the city of five of these wells 80 feet deep, sunk mostly in sand 
and gravel, and perforated with 40 to 90 cuts five-sixteenths inch by 
8 inches was $263. The prices are typical of similar wells ri other 
parts of this valley and in such valleys as Tia Juana, where most of 
the wells are about 80 feet deep. In the low mesa immediately 
north of Tia Juana Valley the cost of drilled wells 35 feet deep is 
almost as great as that of deeper wells in the valley on account of the 
formation, which consists of gravel and cobblestones cementod.with 
clay. The prices will differ with the changes in the price of well 
casing, which varies with general market conditions and has advanced 
very much since these wells were sunk.

The casing commonly used for wells in the valley fill is the double 
slip-joint or stovepipe casing made of lap-riveted cylinders of sheet 
iron or steel. The cylinders are in 2-foot lengths and are of two 
sizes, one fitting inside the other. The larger sizes over?ap the 
smaller by 1 foot, thus breaking the joints. The size mosfc generally 
used is 12 inches in diameter and is made of No. 14 gage metal.

A casing of unusual type, devised by Mr. G. M. Hawley, of Jamacho, 
was found in recently constructed wells in the upper Sweetwater and 
San Diego River valleys. The casing is made of long strips of 
surfaced redwood nailed together with spacers so as to form a long 
open cylinder with many narrow slits extending full length, except 
where interrupted by the spacers at intervals of about 3 feet. The 
cross section of the strips was trapezoidal, the dimension varying 
somewhat with the size of casing. A specimen of 10-inch casing 
examined by the writer was composed of 32 staves, 1 incl thick, 
with edges three-fourths and one-half inch wide. The strips were 
placed with the three-fourthsTinch face outward, and half-inch face 
inward. The outside width of the slits is va'ried to suit the formation, 
and in several wells examined by the writer it was only one-sixteenth 
inch. In some wells the outside of the casing is wrapped with copper 
wire or screen. The casing is manufactured at El Cajon, the price in 
1914 being $1 per foot. The casing was devised to increase the 
percolating area of the well without cutting the relatively wide slits 
necessary in perforating metal casing with a knife and at tl <? same 
time to avoid the more costly metal screens. In using this casing a
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metal casing of larger diameter is first driven down and the wooden 
casing is dropped inside the metal casing, which is then removed. 
The casing is being used in wells not more than 50 feet deep sunk in 
sand and fine gravels and is not adapted for use in silt, which enters 
the slits and clogs the well. It has not the strength and durability 
of a metal casing, but seems to be filling a local need very satisfactorily.

WATER IN THE MINOR VALLEYS.

By A. J. ELLIS and C. H. LEE. 

DISTBIBTJTION OF MHTOB VALLEYP1 .

In the broad tracts of the coastal belt between the deeply filled 
canyons of the major streams the principal sources of ground water 
are the relatively thin and narrow deposits of valley fill that cover 
the floors of many of the minor valleys. In the highland area, also, 
some of the minor valleys contain deposits that are capable of 
furnishing water. The supplies obtainable from these deposits, 
therefore, although meager compared with those obtainable from 
the fill of the major valleys, are nevertheless exceedingly valuable, for 
most of the valleys are bordered by large areas in which it is very 
difficult to obtain satisfactory supplies.

The distribution of the minor valleys is shovn on the topo­ 
graphic maps published by the United States Geological Survey. 
The San Diego, La Jolla, Oceanside, Escondido, and El Cajon maps 
cover the coastal belt and western parts of the highland area and 
show by means of contour lines representing 25-foot intervals the 
widths of the valley floors and their depths below the levels of the 
mesas; the scale of these maps is about I mile to the inch (1:62,500). 
The Capistrano, San Luis Hey, Ramona, and Cuyamaca sheets also 
cover the highland area and parts of the coastal belt, but their scale 
is about 2 miles to the inch (1:125,000) and their contour interval is 
100 feet. The map forming Plate II shows all thes^ valleys, but on 
account of its small scale and large contour interval it shows little 
of the detail of width and depth.

The streams of the minor valleys of the coastal belt rise within 25 
miles of the ocean, either on the coastal belt itself or on the first 
prominent mountain slopes, and they.drain the Nar^as between the 
major valleys. The largest, named in order from north to south, 
are Arroyo San Mateo, Arroyo San Onofre, and Lr,s Pulgas, Buena 
Vista, San Marcos, Escondido, McGonigle, Soledac1 , San Clemente, 
Las Choyas, and Otay creeks (Pis. XV, XX, XXIII, and XXV).

The largest of the minor valleys in the highland area are Escondido 
Valley, along Escondido Creek, the valley of Santa Maria Creek, the 
upper part of the valley of San Luis Hey Eiver, ir. Warner Valley, 
and the valley of Los Penasquitos Creek in Poway Valley.
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Many of the minor valleys are very attractive for residence and 
contain tracts of bottom land well adapted to raising field crops or 
vegetables and to dairying. In many places these bottom lands 
have been brought Under cultivation and irrigation by means of 
water from the underlying valley fill. The lands of the upper 
slopes and foothills in the highland valleys, such as Escond: 4o and 
El Cajon valleys, are adapted to citrus culture, and where surface 
water is available for irrigation orchards have been planted. 
Although most of these valleys are small and widely scattered, 
they contain in the aggregate considerable agricultural land.

MINOR VALLEYS OF THE COASTAL BELT. 

TOPOGRAPHY.

The minor valleys of the coastal belt extend back from the coast 
6 to 8 miles, range in width from 200 feet to half a mile, and are 
connected with the level mesas by steep slopes 200 to 400 feet high. 
They slope downstream at rates ranging from 20 to 40 feet per 
mile, but in most places are level transversely. In area they seldom 
exceed a few hundred acres. They are underlain and bordered by 
sedimentary rocks.

MATERIALS OF THE FILL.

All the minor valleys contain alluvium and other fill in their 
lower but not in their upper parts. The fill is composed of mate­ 
rials washed in from the mesas in times of heavy rainfall and of 
similar materials which are blown into the valleys by the strong 
winds that at certain times of the year sweep the mesas. Most 
of it is rather coarse though poorly assorted, and water passes 
through it freely. It is inclosed on the sides and bottom by for­ 
mations that contain little or no water above sea level and that 
apparently do not absorb water so readily as the fill itself. These 
minor valleys may therefore be regarded as rather steeply inclined 
troughs partly filled with loose material through which the drainage

The quantity of water that can be obtained from a well in the 
fill of a minor valley depends on the thickness of the fill, tbe depth 
of the valley floor below the top of the mesa, and the distance of 
the well from the mouth of the stream. In most of the valleys 
the fill is deepest and broadest farthest below the mesa level and 
is most highly water bearing near the mouths o£ the valleys, and 
it gradually diminishes in depth, breadth, and water-bearing capacity 
toward the heads of the valleys. It is probably not more than 50 
feet thick in any of the minor valleys.
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WATER TABLE.

The water table in the minor valleys of the coastal belt lies farther 
beneath the surface than in the major valleys. It general shape 
and position, however, it corresponds to that in the major valleys, 
having little slope across the valleys but an appreciable slope down­ 
stream. Its fluctuations within each year are similar to those in 
the major valleys of the coastal belt but of wider range (Pis. XLIII 
and XLIV). The fluctuations from year to year are also probably 
greater than in the major valleys, owing to the small run-off during 
dry years.

Observations of ground-water level were made at well K 106, 
in Murphy Canyon; K 86, in Murray Canyon; K 117, at the mouth 
of Sycamore Canyon; K 115, in the fill of a small canyon entering 
upper San Diego River from the south and a little west of Sycamore 
Canyon; and B 10, at the mouth of a tributary entering San Luis 
Rey River from the north between Bonsall and Mission San Luis 
Rey. A study of water level was also made at sir wells in Otay 
Valley, the largest of the minor valleys of the coastal belt Nos. 
O 90, O 42, O 87, O 38, O 41, and O 91 during the season of 1914-15. 
The position of all these wells is shown on Plate XJ^ and the wells 
are fully described in Table 45. A summary of dates of maximum 
and minimum water level and the range of fluctuation is given in 
Table 32 (p. 133). Details of the observations at wells K 106, K 86, 
K 115, and B 10, at well L 78 at Lakeside, in El Cajon Valley, and 
of wells O 99, O 87, and O 41 are shown graphically in Plate XLIII, 
A profile of the water table along the line D-D of Plate XX is 
shown in Plate XLIV, but this profile, although drawn for Otay 
Valley, does not show the ground-water profile in the valley fill 
but in the San Diego formation to the north. In o^der to indicate 
the relations of the ground-water surface- in thes<e two adjacent 
formations, two cross sections of the valley are shown in Plate 
XLIV one at wells O 42 and O 97, the other at w^lls O 96, O 95, 
and O 40. These two diagrams illustrate the greater fluctuation 
of the water table in the valley fill and its elevation compared with 
that in the adjacent Tertiary formations. The conditions indicated 
by these diagrams are typical of those found in the minor valleys of 
the coastal belt.

GROUND-WATER YIELD.

The quantity of ground water available in the minor valleys of the 
coastal belt is small, owing to the narrow width and shallow depth 
of the fill and the small run-off and short period of flow of the streams 
that traverse the valleys. Supplies adequate for domestic use can, 
however, be obtained in most of them. The safe yield of most of 
the wells is very small because the run-off in dry years is almost
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negligible. The use of ground water for irrigation in these valleys 
must as a rule be restricted to lands on the floors of the valleys, but 
even with this restriction the supply in many places will be insufficient 
to serve all the overlying land, particularly in dry years. The largest 
and most permanent yields will be obtained from wells suck in the 
deepest and widest parts of the valleys that are traversec1 by the 
larger streams having the longest periods of flow, but they wiU be 
much smaller than the yields of good wells in the major valleys of 
the coastal belt. The best sites for wells are near stream channels 
and in places where the fill is deepest, but care must be taken to 
protect wells and pumping plants from damage by floods. Wells 
sunk too near the mouths of valleys that open to the ocean may yield 
salt water; consequently weU sites should be chosen far enorgh from 
the ocean and from the lagoons and salt marshes along the shore to 
avoid the effects of backwater that during long droughts extends some 
distance inland.

Both for domestic use and for irrigation where the valley fill is very 
thin or absent dug wells of large diameter are likely to be f.he most 
satisfactory, because of their storage capacity and because the large 
area of wall surface permits rapid infiltration of water into the weUs. 
Where the known thickness of the fill justifies drilling, drilled wells may 
be used to advantage, but where the fill is shallow it is wisc^ not to 
depend on the water that may be found in the fill but to d 411 deep 
enough to obtain a supply from the underlying Tertiary beds. 
Deep drilling should not be attempted, however, except where the 
valley floors are 200 or 300 feet below the level of the mesa. The 
usual practice, where the fill is 25 feet or more in depth, i? to sink 
small cased wells, 6, 8, or 10 inches in diameter. The larjTest and 
most permanent supply at any single pumping plant will be obtained 
by shiking several small wells at intervals of 75 to 100 feet, and the 
largest and most reliable aggregate supply from one of tie minor 
valleys will be obtained by installing a number .of small plants rather 
than a few large ones.

At present weUs in the minor valleys are widely separated and there 
is little danger of contamination of well water except frcm some 
local source. If, however, as is likely, settlements should increase 
in the valleys or on the adjacent heights, considerable care must be 
exercised to protect domestic wells from contamination Icy water 
that is polluted in its course past dwellings. The use of fertilizers 
must also be considered a possible source of pollution, bec^ise the 
ground water in these valleys is so definitely restricted.

WELLS.

WeUs between Oceanside and Delmar. Well F 5 is on the edge of 
the tidal marsh about 2 miles from the mouth of Buena Vista Creek,
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about 20 feet above sea level. It is a dug well, If .9 feet deep, in 
which on October 25, 1914, the water level stood 10.1 feet below 
the surface of the ground. Water is lifted by a windmill to an 
elevated tank having a capacity of about 1,000 gallons. The water 
is used for domestic supply and to a small extent for irrigating a 
small vegetable garden. This well is on the flood plain of Buena 
Vista Creek at the mouth of a small tributary canyon which heads 
near the summit of Mount Kelly. A few rods east of the well there 
is a sharp bend in the creek valley, and the body of valley fill is 
locally constricted. The water in the well is derived from the shallow 
fill in the canyon which receives both seepage and underground 
drainage from the adjacent mesa.

Well F 8 is 2£ miles northeast of Encinitas, in th^ bottom of the 
canyon of a small intermittent stream tributary to Batiquitos 
Lagoon. The surface of the well is about 65 feet above sea level 
and about 350 feet below the surface of the mesa in which the steep- 
walled canyon is cut. This is a dug well 17 feet deep and 2.5 feet 
square. On October 25, 1914, the water level was 12 feet below 
the surface. The well is at the roadside some distance from any 
dwelling and is apparently little used. Water is lifted by means 
of a rope and bucket. The water is derived from the shallow fill 
in the canyon, which receives both the surface and underground 
drainage from the adjacent mesa.

The Cardiff municipal water supply is obtained from wells (F 9) 12 
feet apart in a small valley just northeast of Encinitas. The following 
information was furnished by D. C. Ingersoll: Two wells, 8 inches in 
diameter, have been drilled to depths of 60 and 160 feet, respectively. 
Water was obtained at depths of 15, 30, 75, 125, and 160 feet, but 
in the shallower well the principal supply of water is obtained in fine 
sand between the depths of 30 and 60 feet and in th^ deeper well in 
sand between the depths of 140 and 160 feet. Both wells are cased 
to the bottom and are finished with screens. In the shallow well 
the water stands 20 feet and in the deep well 60 feet be^ow the surface. 
The pumping plant consists of a gasoline engine and a lift pump, 
with cylinder 3^ inches in diameter and 16 inches long, used in the 
deeper well, and a windmill and lift pump with cyPnder, 3^ inches 
diameter and 14 inches long, in the shallower well. The maximum 
yield by pumping is, for the deeper well, 25 gallons a minute and for 
the shallower well 10 gallons a minute, the lower yield in this well 
being attributed to the fineness of the screen, whict does not allow 
the water to enter rapidly enough. The water is UF^d for domestic 
supply. The water from the shallow well is of good quality but 
somewhat hard; that from the deeper well is very hard and slightly 
brackish and is therefore no longer used.
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In 1914 a third well was being dug. If completed as planred, this 
well is 10 feet in diameter at the top and is reduced to 32 inches at the 
depth of 34 feet. The plans provided for a 32-inch steel casing to be 
sunk to a depth of 50 feet below the surface, the insertion of a 6-inch 
perforated point about which gravel was to be filled in, and tH with­ 
drawal of the large casing, leaving the point embedded in g~avel to 
exclude sand from the well. It was estimated that this well would 
yield at least 50 gallons a minute, as the material between the depths 
of 28 and 60 feet apparently holds an abundant supply of water. 
The material penetrated by this well consists principally of fi^e sand 
interbedded with two or three layers of blue clay, each about 2 feet 
thick.

Well G 15 is a stock well, on Encinitas Creek about 2 miles north 
of Olivenhain. It is 15.6 feet deep and the depth to water on October 

. 25, 1914, was 4.4 feet. Water is pumped by means of a windmill. 
There are no dwellings or other buildings in the immediate vicinity. 
The stream branches at this locality and forms a triangular area 
near the center of which the well was sunk. The bedrock in which 
the valley is cut is a white sandstone underlain by a green sh«.le that 
outcrops north of Olivenhain. The valley contains a moderate 
depth of fill into which the drainage sinks. There is no doubt an 
adequate supply of water in this valley to supply a considerable num­ 
ber of such wells if they were needed, but the water stands so near 
the surface that irrigation is hardly necessary on the few acre? of till­ 
able and irrigable land in this locality.

WeUs in McGonigle Canyon (K 3 to 9, inclusive).   The wells in 
McGonigle Canyon range in depth from 9 to 40 feet. Two of these 
are drilled wells, one 18 and the other 40 feet deep, both cased 
with cement tiles. The depth to water in the wells of thif* valley 
ranges from 7 to 37 feet below the surface, and each well yields a 
supply adequate for domestic use. Mr. John Stflling's weF (K 4) 
is on the side of the valley and penetrates green shale. Definite 
information in regard to the well log was not available, b^t it is 
probable that the water enters the well above the shale bed. The 
othe? wells derive their supplies from the shallow alluvium in the 
canyon. The valleys tributary to McGonigle Canyon near its head 
carry the drainage from the west slopes of Black Mountain. From 
the foot of Black Mountain to the coast the canyon cuts through 
sandstones containing a few comparatively thin beds of shale. The 
valley fill probably does not exceed 25 feet in thickness arywhere 
in this canyon and in most places is much less. Though the supply 
of ground water hi this canyon is not large, it is no doubt ample 
for domestic use. Information concerning the quality of the water 
from wells K 3 and K 8 is given in the table on page 260.

Weds between Los Penasquitos Canyon and Mission VaUey.:   Well K 
11 is a dug well, 13.6 feet deep, the water level being 8.9 fee* below
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the surface. It is on Los Penasqiiitos Creek about a mile -below 
Poway Valley. It is pumped by a windmill that delivers water to a 
tank 400 feet west of the well. The valley fill at this place is partly 
coarse granitic alluvium and partly sand and gravel. The north slope 
of the valley is formed by granite thinly covered by alluvium and soil, 
but the south wall is formed by gravel. All the drainage from Poway 
Valley passes this locality, and conditions appear to be particularly 
favorable for procuring water from shallow wells. There are no wells 
below this place in Los Penasquitos Canyon, but suff °ient water for 
domestic use could be obtained by sinking wells almc st anywhere on 
the canyon floor. A body of basaltic rock crops out in the center 
of sec. 27, T. 14 S., R. 3 W., through which the creek has cut a short, 
narrow gorge. This rock forms an underground dam that brings 
the ground water to the surface and produces a surface stream in 
the little gorge. On October 24, 1914, an estimated flow of about 
half a second-foot was passing through the gorge. Tie canyon floor 
just above the gorge should be a particularly favorable site for shallow 
wells. Los Penasquitos ranch, of which Mr. Charier Brown is pro­ 
prietor, includes practically the entire valley of Los Penasquitos 
Creek. The ranch house is supplied with water from a spring (K 10), 
near the house and the stock is watered from the stream. A small 
irrigation system is supplied with water from a reservoir at the mouth 
of a small intermittent stream in the west-central part of sec. 24, T. 
14 S., R. 3 W.

Wells in Soledad Canyon. A tidal marsh extends into the lower part 
of Soledad Canyon. Well K 18, which is 1* mile above Sorento or 3 
miles above the marsh, yields water which, although used for domestic 
supply, is said to be saline and of very poor qualit7. This well is 
12.4 feet deep and 3 feet square, and its water level i? 9.5 feet below 
the surface. On October 24,* 1914, water was standing in pools on the 
surface at several places within 200 feet of this well and appeared 
to be at very shallow depths everywhere on the valley floor as far 
east as the mouth of Carroll Canyon.

Well K 19 is about 1 mile above K 18, on the south side of the 
canyon. The owner, W. T. Melbourne, stated that it yields an ample 
supply for domestic use but not sufficient for irrigation. It was 
originally 12 f^t deep but has silted up somewhat and in October 24 
was found to be only 8.9 feet deep, with a water level only 3.6 feet 
below the surface. Water is pumped by means of a windmill and a 
suction pump, with 3-inch cylinder and 8-inch stroke, to an elevated 
tank having a capacity of 1,000 gallons. The yield of the well was 
not ascertained but Mr. Melbourne stated that with the windmill 
running at a rapid rate the water level was lowered about 2 feet in 
two or three hours. The well has never been dry and the water level
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fluctuates only slightly. A short gully in the canyon wall debouches 
on the canyon floor just south of the well and the stream channel from 
the mouth of the gully swings to the west and joins the main channel 
a short distance below the well. A hole 2 feet deep and about 10 feet 
square in this channel contained several inches of water w^en it was 
visited and Mr. Melbourne stated that he had never known it to be 
entirely dry. Water is pumped from this hole to irrigate 4 acres of 
alfalfa and 4 acres of apricots. The pumping plant corsists of a 
6-horsepower gasoline engine and a small centrifugal pump. It can 
be run about 15 minutes before the hole is pumped dry.

Well K 20, owned by Mr. Max Dietrich, is about a mile e«>st of welt 
K19, near the mouth of Carroll Canyon, which is tributary to Soledad 
Canyon. It is a dug well, 9 feet in diameter and 20 feet de-sp, and its 
water level is 4.5 feet below the surface. It is pumped by a windmill 
and supplies water for domestic use.

Soledad and Carroll canyons are very narrow, as is shown, on Plate 
II, and their floors lie 100 to 400 feet below the level of the mesa 
through which they are cut. Gravels, shales, and sandstones outcrop 
in the canyon walls, the gravels being at the top. The valley fill 
east of Sorrento is probably 30 or 40 feet deep but it gradually dimin­ 
ishes in depth toward the east until in the upper parts of Soledad 
and Carroll canyons the bedrocks appear at the surface on the canyon 
floors. The streams that occupy these canyons are intermittent, 
but even during dry seasons considerable water from the adjacent 
formations accumulates in the valley fill and percolates down the 
canyons, constituting an important source of domestic wai PO* supply.

Wells in San Clemente County. San Clemente Canyon, lil-e Soledad 
and Carroll canyons, is very narrow and deep but contains a shallow 
deposit of valley fill into which water seeps from the gravels, shales, 
and sandstones that form the canyon walls, thus maintaining a ground- 
water supply during the long periods in which no surface water passes 
down the canyon. This canyon joins Rose Canyon at the foot of 
Soledad Mountain.

On the canyon floor 2J miles from Rose Canyon is a st^llow dug 
well (K 23) formerly used for stock but apparently abandoned at 
the time it was visited in 1914. No measurements of ithk well were 
obtained, but the water stood at the surface of the ground. There 
were also several shallow pools of water in the streamway in the 
vicinity of the well, indicating that shallow water is general. The 
surface is not marshy, as it is in the lower part of Soledad Cf nyon, but 
trees and grasses grow rank and show no evidence of drought.

Well K 24,21 miles east of K 23, is a dug well 9.9 feet deep, in which 
the.water level, on October 24, 1914, stood 4.5 feet below tJ'e surface. 
Water is pumped by a windmill to a stock trough. There are no 
dwellings within several miles. The canyon walls near this well are
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composed entirely of gravel, the top of which is cemented into a hard 
layer; but three-eighths of a mile west of the well tl nse gravels are 
underlain by at least 12 feet of clay.

Well K 25, owned by Mr. W. D. Bryson, is 2f miles northeast of 
K 24 and 1£ miles south of Miramar. It is dug 6.7 feet deep and 2£ 
feet square, and when visited its water level was 4 feet below the 
surface. The well was dry during the summer of 1913 but furnished 
sufficient water for domestic use and for a few head of stock during 
all of 1914. The water is pumped by means of a wicdmill to a tank 
at the house. The well is in the dry creek bed 460 feet above sea 
level and 40 feet below the level of the ground at the house. The 
water tank at the house is 10 feet above the ground. There is very 
little fill in the valley at this place and the quantity of water available 
is very small. Well K 26, a little less than half a mile east of K 25, is 
a small spring which is said to have been dry only three times in the 
last 23 years, the last occasion being in 1911. There was no flow at 
the surface when this spring was visited but water rtood in a little 
pool and there may have been some underflow.

Wefts south of Mission Valley. Well O 9 is in Spring Valley, about 
3 miles southeast of Lemon Grove. It is 24 feet deep, 8 feet in 
diameter, and, on Octobei 5, 1914, the water stood 10 feet below the 
surface. It is pumped by a windmill and supplies a stock trough but 
the water is regarded as too brackish for any other use.

All the shallow water in the middle and lower parts of Spring 
Valley is said to be brackish and no deep wells have b^-en sunk. The 
upper part of the valley is cut in crystalline rocks, but-the middle 
part, down to about a mile from the mouth, is cut in Tertiary sedi­ 
mentary rocks. The water, therefore, is obtained in part from areas 
underlain by crystalline rocks and in part from surface drainage from 
areas underlain by the sedimentary rocks and by seepage from these 
rocks.

MINOR VALLEYS IN THE HIGHLAND A! EA.

Topography. Along the stream channels throughout the highland 
area are numerous small valleys, formed where widening of canyon 
bottoms for short distances have afforded opportunity for the depo­ 
sition of alluvial material. Many of these valleys are only a few acres 
in extent; others comprise 20 to 50 acres. Most of them are at ele­ 
vations higher than those of the highland valleys traversed by the 
major streams.

The floors of these valleys consist largely of valhy fill which in 
many places merges imperceptibly into the residuum of the sur­ 
rounding hill slopes. The drainage system of one of the more impor­ 
tant minor valleys is made up of several streams that drain the sur­ 
rounding slopes and meet in the valley to form a single stream leading 
to the drainage outlet.
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Materials of the valley fM. The rocks surrounding all highland 
valleys are practically impervious. In the larger valleys alluvial 
material accumulates along the stream channels, in many places 
merging gradually into the residuum which, as a rule, is present over 
all but the steepest parts of the highland areas. The depth of the fill 
at the lower ends of minor valleys that are tributary to major valleys 
equals that of the adjacent fill of the larger valleys, but decreases 
upstream at a rate depending on the steepness of the ancient canyon. 
Thus, at the mouth of Guejito Creek, in San Pasqual Valley, tl «- fill is 
at least 150 feet deep (well H 30), but bedrock appears in the'canyon 
bottom not more than 1^ miles up this creek. In Moosa Canyon the 
fill is about 60 feet deep at the lower end and the bedrock appears in 
the valley bottom about 4 miles upstream. As a rule also, the alluvial 
material near the main valley is very fine and yields little water. This is 
illustrated by well H 30 in a branch of San Pasqual Valley, which pene­ 
trated 150 feet of sand and silt with a 12-inch casing, and wher tested 
is reported to have yielded only 90 gallons a minute, in marked con­ 
trast with the large yields from wells in the main valley near by. The 
fill of a typical highland valley, however, consists largely of medium, 
and coarse sand with occasional layers of fine gravel. It contains 
ground water in its pore spaces and in every respect constitutes a 
small ground-water reservoir, but the depth of the fill seldom exceeds 
50 feet and in the smaller valleys is much less.

Water table. The water table in a minor highland valley behaves 
much like that in a minor valley of the coastal belt, but as a rule it is 
nearer the surface and its slope downstream is less. Its annual 
fluctuations and its fluctuations from year to year are probal ̂ y also 
less, owing to the longer period of stream flow and the greate1* prob­ 
ability of run-off in dry years.

Ground-water yield. The quantity of ground water obtainable 
in these valleys varies with the dimensions of the fill and the perma­ 
nence of stream flow.

The types of wells to be used and the method of selecting well 
sites are the same as in the minor valleys of the coastal belt (See 
p. 169.)

WATEB IN TERTIARY AND OLDER SEDIMENTART FOR­ 
MATIONS.

By A. J. ELMS and C. H. LEE. 

WATER-BEARING CAPACITY OF THE FORMATIONS.

Tertiary and older sedimentary formations underlie the sc'xthem 
part of the San Onofre Hill district, between the northern boundary 
of San Diego County and Santa Margarita River, and the Linda 
Vista terrace district, and include also the relatively small Tertiary
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stream deposits that occur at irregular intervals on the Mils between 
Miramar and Witch Creek, (See PI. III.)

The Tertiary rocks consist of conglomerate, sandstone, sandy shalej 
clay, and limestone. (See p. 52.) From Los Penasquitos Canyon 
southward thick beds of conglomerate, which constitute the upper 
part of the San Diego formation, lie at or near the surface wherever 
the elevation exceeds 200 feet above sea level, and these beds are 
underlain by and in some places interbedded with alternating lentic­ 
ular layers of sandstone, sandy shale and clay, all of which are small. 
From Los Penasquitos northward to Buena Vista Creek the surface 
formation is a porous sandstone that is underlain by alternating 
layers of shale, sandstone, and limestone that are ordinarily continu­ 
ous over wide areas. North of Buena Vista Creek the rocks are 
similar to those in the southern part of the area.

The conglomerates are composed of rounded pebbles and small 
boulders, most of which are less than 4 inches in diameter,, cemented 
together by hard calcareous clay. Where these conglomerates lie 
at the surface they are, as a rule, covered by a thir soil of sandy or 
gravelly clay. This formation differs from most coarse deposits in 
being nearly impervious and incapable of absorbing much water. 
The clay soil, by resisting the descent of water into the ground, serves 
as an additional obstacle to the absorption of water.

The shales also are practically impervious and usually yield water 
at a rate too slow to afford satisfactory supplies to veils.

The most favorable sources" of water in the Tertirry rocks are the 
layers of sand. Their porosity is high, and the wr.ter circulates in 
them freely enough to supply wells wherever they are saturated. 
But a condition most unfavorable to the storage cf water, even in 
the most porous of the strata, is the deep dissection of the region, 
which favors rapid drainage of all the beds that lie above the levels of 
the canyon floors. As all the principal streams have cut their valleys 
practically to sea level, the deposits that lie above the levels of the 
valley floors are completely drained during the annual periods of 
drought that characterize the climate of this region. Generally 
speaking, therefore, available water does not occur in the Tertiary 
rocks at elevations exceeding 100 feet above sea level in interstream 
areas, and in areas adjacent to the valley walls it is probably not 
above the level of the canyon floors.

SAN ONOFRE HILL DISTRICT.

In the San Onofre Hill district, north of Santa Margarita River, 
the rock formations consist of breccia, coarse graves, and layers of 
sandstone and shale. They are thoroughly and deeply dissected, 
so that there is very little tillable land between the streams. All 
these lands are included within the Santa Margarita y Las Flores
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land grant, which has not been subdivided or opened to settlement, 
and, so far as known, no attempts have been made to obtain supplies 
of ground water exeept near the mouth of Arroyo San Mateo. On 
account of the thoro^igh dissection of interstreaoa areas, the forma­ 
tions, especially the sUghtly indurated conglomerates, are probably 
quite thoroughly drained above the stream levels. It is possible, 
however, f&at drilling will disclose conditions more favorable for the 
storage of ground water than are now known. In general, the breccia 
of the district is, with respect to the occurrence of ground water, 
probably comparable to other crystalline rocks (see p. 189); the 
surrounding formations probably contain water below leve1^ corre­ 
sponding approximately to the levels of the streams.

TERTIARY GRAVEL TRACTS.

The stream gravels that occur in discontinuous patches from Mira- 
mar to Witch Greek stand in high ridges capping crystalline r^ck hills 
and are in general very thoroughly dissected. At present there is 
practically no settlement in areas underlain by these depos;ts, and, 
so far as known, no attempts have been made to obtain from them 
supplies of ground water. Because of the ease with which they may 
be drained, they probably do not, as a rule, contain permanent sup­ 
plies of ground water; it is possible, however, that in som<^ places 
wells drilled to bedrock would obtain lasting supplies. The well 
(K 23; see log, p. 68) drilled for oil on the Poway terrace if said to 
have encountered at a depth of 525 feet a very strongly mireralized 
water that rose 100 feet in the casing. Failing to obtain oil, the well 
was abandoned. It was remote from any settlement, and no attempt 
was made to use the water, which was, however, said to be unfit for 
drinking.

LUTBA VISTA TERRACE DISTRICT. 

GENERAL CONDITIONS.

As described on pages 52-67, the coastal belt south of Sarta Mar- 
garita River is underlain mainly by Tertiary formations comprising 
rocks of Eocene age and by the Miocene and Pliocene strata that are 
designated hi this report the San Diego formation. As stown on 
the geologic map (PI. Ill), the Eocene deposits appear at the surface 
from Los Penasquitoa Canyon northward to Buena Vista Cr^ek; the 
San Diego formation is exposed at the surface from Buera Vista 
Creek northwestward and from Los Penasquitos Creek southward; 
but where the San Diego formation is exposed at the surface it is 
generally underlain by Eocene strata. In the major valleys the 
Tertiary bedrocks are overlain by alluvium, as shown on Plate III, 
and although the alluvium is the principal source of ground water, 
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some wells pass through it and draw their supplies from underlying 
Tertiary beds.

Most of the area between Los Penasquitos Canyon and Mission 
Valley, locally called Linda Vista Mesa, is uncultivated and unset­ 
tled and is covered only by sparse native vegetation. Several of 
the attempts that have been made to procure supplies of ground 
water have failed because of difficulties encountered in drilling through 
conglomerates and inability to reach water within a few hundred 
feet of the surface. So far as known, however, none of the wells 
reached within 100 feet of sea level, at which depth water might 
have been obtained.

In the western part of the coastal belt, between Mission Valley and 
Otay Valley, the upper part of the San Diego fonration, including 
much of the conglomerate, has been removed by the cutting of 
marine terraces. A number of wells sunk in this arei, have obtained 
water at depths within about 100 feet of sea level. Conditions most 
favorable for the occurrence of ground water were found on terraces 
less, than 200 feet above sea level, including Chula Vista and Nestor 
terraces. (See p. 26.)

South of Otay Valley the principal terrace, which corresponds to 
Linda Vista Mesa, has been raised to an elevation about 500 feet 
above sea level. This terrace is Otay Mesa. Here a few drilled wells 
furnish meager quantities of water, as described on page 179.

WELLS ON THE HIGH TERRACES.

K 1. John Haflie's well is about 5 miles northeast of Debnar, at 
the top of the bluffs along the east side of San Dieguito Valley, 275 
feet above sea level. The well is 6 inches in diameter and 200 feet 
deep, and although definite information was not obtained it is 
probably largely in granite, as this rock outcrops only a short distance 
from the well. This well dpes not, therefore, represent supplies avail­ 
able in the sedimentary rocks. Water is lifted by means of a wind­ 
mill and not more than 150 gallons per day is pumpod.

K 21. A well drilled about 1 mUe northeast of Hiramar reached 
the depth of 300 feet, finding no trace of water. It penetrated 
loose red clay and gravel and ended in a light-colored shale. The 
casing was withdrawn and the well abandoned.

K 29. A well belonging to Mr. Rodger Topp, on Linda Vista Mesa, 
about 4 miles north of Mission Valley and 2 miles northwest of Rose- 
dale, at an elevation of 400 feet, penetrated conglomerate to the 
depth of 260 feet without reaching water and ended in a white sand­ 
stone, which is probably the Eocene rock that crops out in Los Penas­ 
quitos Canyon. (See p. 53.) A rotary drill 12 inches in diameter, 
which was used, was unable to penetrate a hard laye~ encountered at 
the depth of 260 feet.
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0 8. The community well drilled at Angelus Heights for the San 
Diego Homebuilders' Association is 375 feet deep, lOinches in diameter, 
and cased throughout with standard casing. The elevatior of the 
well is said to be about 400 feet and potable water was reached at the 
depth of 215 feet. Water-bearing sand was reached at 370 feet, but 
the water was salty and had to be cut off. The present supply, 
about 36 gallons a minute, is obtained from the 2-foot layer of sand 
and gravel at the depth of 215 feet.

P 8, P 9, P 10. Three wells drilled on Otay Mesa, at elevations of 
about 500 feet, produced water suitable for domestic use. According 
to Mr. Wilkes James, who furnished the information, one of t^e wells 
(P 8) was being drilled at Loma Alta school, at the middle of tl ^ south 
line of sec. 27, T. 18 E., R. 1 W., and on November 10, 1914, had 
reached a depth of about 700 feet, obtaining a small quantity of 
water. Mr. RouTs well (P 9), drilled in the SW. f sec. 35, T. 18 S., 
R. 1 W., is 310 feet deep and yields about 12 gallons a minute of 
water of good quality for domestic and stock use. Mr. Willpo+'s well, 
in the northeast corner of sec. 2, T. 19 S., R. 1 W., is 280 feet deep and 
yields a few hundred gallons of water a day, the water teing of 
good quality for.domestic use.

0 1. A well, 8 inches in diameter, owned by the San Diego Young 
Men's Christian Association, was drilled at the corner of Eigl th. and 
C streets, San Diego, to the depth of 200 feet. Salt water 1vas en­ 
countered at the depths of 85 feet and 100 feet, but was cased out, 
and fresh water was struck 140 feet below the surface in f. 5-foot 
bed of sand that yielded 45 gallons a minute. It is said to be unsatis­ 
factory in quality, however, because it discolored the tile lining of a 
swimming tank that the well was intended to supply.

0 la. Mr. Wilkes James's well, 2 miles east of San Diego, is about 
160 feet above sea level. It was drilled 8 inches hi diameter and 248 
feet deep. Water was reached at the depth of 129 feet, but only a 
small quantity was obtainable between this depth and the depth of 
190 feet. At 190 feet the drill penetrated a bed of 'coarse sand and 
gravel that yielded water freely. On November 19, 1915, the water 
level stood about 118 feet below the surface. No pump had been 
installed.

0 3. The well of B. G. Estes, situated about 3 miles east of San 
Diego at an elevation of 175 feet above sea level, was dug to th<? depth 
of 155 feet. A perforated casing, 6 inches in diameter, is driven in 
the bottom.to a total depth, of 178 feet. Water encountered in small 
quantity in a bed of sand between the depths of 145 and 155 feet rose 
4 feet above the top of the sand. The driven point penetrated a 
3-foot layer of hardpan about 168 feet below the surface, under which 
it entered a water-bearing sand from which water rose 2| feef. above 
the bottom of the dug part of the well, or to a level 155| feet below
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the surface of the ground. The pumping plant consists of a deep- 
well pump aad a distillate engine, which are operated at a cost of 6 
cents per 1,060 gallons of water pumped. About 35 acres of orchard, 
chiefly lemons, are irrigated.

0 14. A well owned by Mr. L. Wiese was dug to the depth of 76 
feet and drilled from that depth to 104 feet. The material penetrated 
consists of alternating layers of blue and gray clay with a few beds of 
gravel. On October 8, 1914, the water stood 62 feet below the 
surface. The yield is too small to afford water for irrigation but an 
ample supply of water for domestic use is obtained. The cost of 
this well was $1 per foot for digging and $3 per foot for drilling, making 
a total of $160. The pumping plant consists of a windmill and a 
suction pump.

0 7. A well owned by Robert Dick, about 5 miles east of San 
Diego on the south side of Las Chouas Valley and about 250 feet above 
sea level, is 10 inches in diameter and 203 feet dee^> and affords a 
satisfactory domestic supply of water which was struck at a depth of 
114 feet. (See log, p. 62.)

DEEP WELLS ENDING IN SEDIMENTARY ROCKS UNDER VALLEY TILL.

F 7. A well was drilled for oil by the Pacific Laguna Oil Co., on the 
valley floor of Batiquitos Lagoon, 4 miles north of Fncinitas, at an 
elevation of about 20 feet above sea level. No detailed information 
could be obtained in regard to the log of this well. The well is said 
to be about 1,300 feet deep and to end in "black eand which was 
overlain by red rock." It was reported that at a depth of about 
800 feet a water-bearing bed was penetrated from which water rose 
to the surface. When the well was visited, November 25, 1914, it 
was flowing about 5 gallons a minute over the top of the casing, which 
stood about 1 foot above the ground level. This well apparently 
has been abandoned.

K 16. The first McNeese oil boring, which was abandoned because 
it became crooke'd at a depth of 1,700 feet, is in Soledad Canyon, at 
Sorrento, at an elevation of about 35 feet above se?\ level. Water 
that flows at the surface was reached at a depth of about 600 feet. 
This water is said to be warm, but neither the temperature nor the 
flow could be determined when the well was examired, because the 
exhaust from the engine which is working on the new hole discharges 
into the well. The new hole is less than 200 feet from the old one 
and was 1,000 feet deep when it was visited September 22, 1914, 
but no information could be obtained in regard-to water encountered.

K 30. When K 29 failed to reach water, a second well was 
drilled in Murphy Canyon just east of Rosedale, at an elevation 
of about 150 feet above sea level. This well is 618 feet deep 
and 10 inches in diameter. Water was reached first in a thin
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layer of sand at the depth of 125 feet, and at the depth of 250 
feet a bed yielding warm sulphur water was encountered. The water 
stood about 15 feet below the surface of the ground October 10,1914. 
Water is reported to have been pumped at the rate of 270 gafions a 
minute without apparent effect on the yield. It was said that the 
water is to be used for domestic supplies in Kosedale, which is 425 
feet above sea level or 275 feet above the well site.

K 37. The Balboa oil boring (see log, p. 55), encountered artesian 
water at the depth of 900 feet. On August 31, 1912, the measured 
flow was 45 gallons a minute. This water was warm and had a 
brackish taste. Other water-bearing beds were reached at depths of 
2,300, 4,152, and 4,217 feet, respectively, but little is kntwn con­ 
cerning these beds. As neither the quality nor the quantity of the 
flowing water changed greatly after drilling below 1,000 feet, it is 
believed that none of the lower formations yield artesion water. 
According to the well log published by Merrill (p. 56), an artesian 
flow was obtained at the depth of 335 feet, and other water-bearing 
beds were penetrated at depths of 510 feet and 725 feet.

K 53. The well belonging'to Mr. J. L. Haughawout is in Alvarado 
Canyon, about 1£ miles northwest of La Mesa. It is a dug well 74 
feet deep, all in Tertiary conglomerate. In the upper 70 feet the 
interstices between the gravels are filled with clay, but in the lower 
4 feet the spaces are filled with sand. The water usually stands about 
25 feet below the surface, but in wet seasons it sometimes ripes within 
2 feet of the top of the well. The average yield is about 2 gallons a 
minute and the well has been pumped dry by drawing water at the 
rate of 18 gallons a minute. The well is not used except in dry seasons 
when other sources of water fail.

NESTOR AND CHULA VISTA TERRACES. 

SOURCES OF WATER.

The Nestor and Chula Vista terraces are underlain by deposits 
belonging to the middle part of the San Diego formrtdon (see 
pp. 58-67), which in some places is overlain by a thin mantle of 
Pleistocene, as shown on Plate II. As a rule, this part o* the San 
Diego formation contains no conglomerates; the beds consist of 
sandy clay, sand, and gravel, all in more or less lenticular and irregu­ 
lar layers, as shown in Plates XXVI and XXVII, wells numbered 
O 133, O 124, O 121, and O 122.

A study of fluctuations of ground water and the general rhape and 
position of the water table was made in the region between Tia 
Juana and Sweetwater valleys, which is less than 100 feet above sea 
level (PI. XX). The elevation of the water table from September, 
1014, to August, 1915, was observed in 30 wells in this area,
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and records were kept at 25 walls in the three adjacent river valleys. 
The positions of these wells are shown on Plate XX, and other infor­ 
mation in regard to them is given in Table 45 (p. 209). A summary 
of observations, with dates and elevations of maximum and minimum 
water levels is given in Table 30 (p. 126). The depth to the water 
table ranges from about 10 feet on a low terrace in Tia Juana Valley 
to 20 feet or more on the terrace near Nestor, 40 feet or more at 
Chula Vista and Otay, and 100 feet or more beneath the higher 
terraces. The maximum, minimum, and average annual range of 
fluctuations in wells under observation is shown in Table 32 (p. 133). 
The observations indicate an annual range of 0.17 to 8.76 feet, with 
an average of 2.76 feet, although this average is not representative 
of the formation as a whole. The type of fluctuation is shown in 
Plate XLV, and, with the exception of wells near Otay River, is 
remarkable for the late date about May 1 at which the highest 
ground-water level occurs and also for the slight range of fluctuation.

Ground-water contours at the approximate dates of lowest and 
highest ground-water level in the adjacent river valley* are shown on 
Plate XX. Ground-water profiles along lines A-A, B-B, C-C, and 
D-D (PL XX) are shown in Plates XXXIV, XXXV, XLIV, and 
XLVI, respectively. The ground-water contours and profiles show 
a general slope of the water table from the hills toward the bay and 
ocean, but that this slope is not so steep as that in the river valleys. 
It shows also that in the period of lowest ground-water level in the 
river valley the water table beneath the mesa lands is little if any 
lower than that in the river valleys, but in the perrod of highest 
level in the river valleys it is considerably lower, and that a steep 
ground-water slope then exists from the river valleys into the adjacent 
mesa areas.

The ground-water in these low mesa areas t is derived by percola­ 
tion (1) directly from rainfall, (2) from small canyons debouching 
onto the slopes from the higher mesa areas to the east- (3) from irri­ 
gated areas, (4) laterally from adjacent river valleys, and possibly 
by underground drainage from the higher terraces on the east. The 
percolation of water from valley fill into the Tertiary b^ds is believed 
to account for the fact that the rise in ground-water during the period 
of replenishment was greatest adjacent to the river valleys, and that 
between Sweetwater and Otay valleys there was little or no rise 
except opposite the mouth of Telegraph Canyon, where the rise was 
far less than that taking place near the river valleys (F\ XX). The 
greatest rise in ground-water was observed in wells on the mesa imme­ 
diately north of Tia Juana Valley, and percolation from that valley 
may be the most active single source of supply of ground-water. 
The time elapsing between the first flood in Tia Juana Vp.lley, January 
29, 1915, and the maximum height of the ground-water level in six
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wells within a mile north of the edge of the valley indicates ar. average 
daily advance of the crest of the ground-water wave of 20 f e^t. The 
height of the crest at the edge of the valley was 6 to 8 feH. The 
height of the crest at a distance of a mile was about a foot. At Otay 
and Sweetwater valleys, where the rise of ground-water was only 
4 feet, the effect was barely noticeable at a distance of a nile. In 
ordinary years, when there is little or no stream flow in these two 
valleys, the distance would be even less. Percolation from river 
valleys as a source of supply for this formation is thus very small at 
distances of a mile or more.

YIELD OF WELLS.

Conditions affecting yield. The quantity of water obtainable from 
the San Diego formation underlying the Nestor and Chula Vista 
terraces between Sweetwater and Tia Juana rivers by pumping from 
wells depends chiefly on the distance of the wells from the nearest 
major river valley. liven at a distance of several miles frorv a river 
wells in this formation should yield sufficient water for farm, domestic, 
and stock use and the irrigation of small gardens. In order to sup­ 
plement a deficient gravity supply in very dry years, in distr?-ts such 
as those about National City and Chula Vista, successful wells may 
yield sufficient water to irrigate small orchards if used in connection 
with a small tank or reservoir. As a rule, however, a well more than 
a mile from a river valley will yield only a small supply, and pro­ 
tracted pumping from many wells in the same vicinity will seriously 
lower the water level.

Successful wells in the San Diego formation within a mile north of 
Tia Juana Valley will yield sufficient water in average and wet years 
to irrigate alfalfa and garden truck, but the cost of installation and 
expense of pumping are greater than in the Tia Juana Valley, from 
which this area probably receives its supply of water. Where good 
water-bearing gravels are within reach, a single plant of one or two 
wells will furnish sufficient water, as indicated by the test of well 
O 47 (p. 270); where the water-bearing strata consist of randy or 
gravelly clay, several wells may be necessary (see wells O 110, O 116, 
and O 111). From the rise of the zone of saturation (PL XX) it 
is estimated that in 1915, between January 6 and May 1, approxi­ 
mately 700 acre-feet of water was absorbed, a quantity probably in ex­ 
cess of that usually absorbed, as the flood flow of Tia Juana Eiver was 
exceptionally large and prolonged and waterwas carried by an overflow 
channel that crosses the low terrace lying at the general levcJ. of the 
valley floor south of Nestor. In dry years the yield of well' in this 
area would probably not be sufficient for the irrigation of alfalfa, 
particularly if -the cultivation of a large proportion of the land is 
attempted; it should be ample, however, for domestic use and for 
the irrigation of small tracts in vegetables or trees.
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Conditions that affect the rate of yield of Wells in the *San Diego 
formation are in general the same as those 'that have been fully dis­ 
cussed for wells in the fill of the major valleys (p. 155).

Interference of wells. The yield of wells on these low terraces occa­ 
sionally shows strongly the effect of pumping at one veil on the water 
level and yield of other wells drawing from the sam e water-bearing 
stratum. This effect is noticeable in wells in valley fill that are 
spaced at intervals of less than 1,000 feet but not at greater distances 
unless the pumps are of large capacity and the pimping is long 
continued. However, within a lens of gravel or sand surrounded by 
relatively tight materials this effect may appear instantly at distances 
exceeding 1,000 feet; it is not due to a lowering of the zone of satura­ 
tion within the area of influence but to a decrease of hydraulic 
pressure within the gravel lens. The degree of lowerng in each well 
varies with the facility with which changes in pressure are transmitted 
through the ground water. If there is sand or clay in the voids of 
the gravel, changes in pressure are not transmitted as far as if the 
voids are open.

A striking illustration of well interference of this kind was observed 
in Otay Valley, directly north of Palm City, at wells O 92, O 38, 
O 35 a, and O 90 (PI. XX); the first three are 12-inch cased wells and 
the last is a shallow dug well. The casing of well O 92 is in a pit dug 
below the water table but sealed off from the gravel stratum pene­ 
trated by the casing. Inspection of Hate XXVII shows that wells 
O 35a and O 38 penetrate and end in a porous stratum below clay 
at a depth of about 100 feet. The drillers reported that both wells 
draw from the bottom only. The log of well O 92 could not be ob­ 
tained accurately, but the well is reported by the driller to be 198 
feet deep and to penetrate alternate layers of clay and gravel to a 
considerable depth. It is to be noted that the fill of Otay Valley at 
this point is less than 30 feet deep and is underlain by the San Diego 
formation. Well O 92 is about 1,200 feet from well O 35a, and well O 38 
is 1,100 feet from well O 35a. Well O 90 is 200 feet f-om well O 35a. 
Well O 92 was equipped with a 4-inch horizontal centrifugal pump, 
probably raising from 400 to 450 gallons a minute, which was used 
to lift water to the top of a tower for the purpose of washing gravel. 
It was in operation about eight hours daily except S^inday or when 
the plant was for any reason temporarily shut dovn. Well O 38 
was equipped with a 3-inch horizontal centrifugal pump with a 
capacity of not over 225 gallons a minute. The water was used to 
irrigate 10 acres of alfalfa and the pump was operated at intervals as 
needed during the irrigation season. WellO 35a war equipped with 
a 2^-inch centrifugal pump with a capacity of not more than 150 
gallons a minute. The water was used for domestic supply and to 
irrigate a small garden, the pump being operated for a few hours, at
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intervals of two or three days, to fill a tank. Observations of water 
level (PL XLV) in well O 90 and in the pit at well O 38 show the 
normal and regular type of fluctuation for dug welk in shallow valley 
fill; at well O 35a and in the casing at well O 38, however, fluctua­ 
tions were very irregular and erratic.

A study of pump operations in connection with these fluctuations 
shows that the operation of the pump at well O 92 causes much of the 
erratic fluctuation of wells O 35a and O 38, although pumping at well 
O 35a seems also to slightly affect well O 38, and probably the latter 
would be found to affect well O 35a, if observations had been obtained 
at the proper time. It is difficult from the available data to deter­ 
mine the exact extent to which the pumping of one well lowers the 
water level in the others, but the lowering may be as much PS 6 feet, 
judging by the marked recovery of water level at wells O 38 and 
O 35a April 30, when the pump at well O 92 was not operating, as 
compared with previous observations in March and April, when it was 
operating, and also the recovery observed December 6, when the 
pump was not operating as compared with November 6 pr^eding, 
when the pump was operating. That this lowering and subsequent 
recovery is not always instantaneous is shown by the fact that on 
October 9j-1914, a lowering of 0.72 foot occurred in the casing of well 
O 38 during the first ten minutes of operation, of the pump after an 
hour's intermission at noon. It is also shown by the fact that on 
March 15, 1915, the water level rose 1.18 feet in 45 minutes that the 
pump was shut down. The full lowering or recovery probably 
requires several hours.

The effect of interference was observed also in well O 39, about $00 
feet east of Otay, which penetrates the same gravel bed as well O 38. 
This well was sunk early in 1915, and beginning May 15, 1915, was 
pumped steadily from 5 to 10 hours a <Jay at the rate of 60 gallons a 
minute. Observations at well O 39 (PI. XLV) indicate that a sudden 
drop of 5 feet in the water level in well O 39 occurred some time 
during May, and that this was not recovered during the remainder of 
the period of record, which ended August 1.

The probability of interference between proposed wells can not 
be determined except by actual test, owing to the irregularity of the 
gravel lens. The immediate result of such interference is to in­ 
crease the cost of pumping to the extent of the increased Jift; the 
ultimate effect would be to drain the gravel lens of its accrmulated 
ground water more rapidly than if one well alone were drawing from 
it. In the examples described above, however, the local gravels 
appear to be readily recharged during the run-off season from the 
overlying valley fill and, except possibly in dry seasons, tin supply 
would not become seriously depleted.



186 GROUND WATERS OF WESTERN SAH DIEGO COUNTY, CALIF.

WELL TESTS.

Individual wells vary so widely in yield that it is impossible to make 
generalizations.from which the yield of new wells can be predicted. 
Three wells on the low terraces between Otay and TiaJuana valleys  
considered typical of the best wells of an area that probably affords 
more favorable conditions for well yield than any other area of Ter­ 
tiary rocks in San Diego County were tested. The tests were made 
as for wells in the valley fill and are described as follows:

WeU 0 115. Well O 115, which is owned by W. E. Williams, is at 
the northern edge of Tia Juana Valley about 1^ miles southeast of 
Nestor, in sec. 34, T. 18 S., R. 2 W. From the bottom of a dug pit 
5 feet square and 7.5 feet deep, curbed with redwood timbers, a drilled 
well, lined with 10-inch stovepipe casing, is sunk to a depth of 56 
feet. The principal water-bearing stratum of gravel is reached 53 
feet below the surface, is penetrated 3 feet, and yields water readily- 
(For log of well see PI. XXVII.) Water probably enters at the bottom 
of the casing. The normal water level in the well rarges during the 
year from about 7.5 feet to 12 feet below the surface of the ground, as 
shown by measurements made during the season of 1914-15 (Table 
30, p. 126). At the time of the test the water stood 8.1 feet below the 
ground surface. During the test, which lasted 1 hour and 6 minutes, 
the well was pumped at the rate of 231 gallons a minute; the total 
drawdown, which was reached 36 minutes after pumping was started 
and remained constant to the end of the test, was 15.25 feet, so that 
the water level was 23.35 feet below the surface of the. ground. The 
specific capacity of the well (see p. 158) was therefore a little more than 
15 gallons a minute for each foot of drawdown. As the dimensions 
of the perforated area were not obtained, the specific capacity of the 
gravels (p. 158) could not be computed.

WeU 0 47. Well O 47, owned by Tucker & Evans, is 2 miles west 
Of Nestor, in the SE. | sec. 29, T. 18 S., R. 2 W. It consists of a 
dug pit, 4 feet 8 inches by 8 feet 6 inches, and 19 feet deep, from the 
bottom of which a drilled hole, lined with 12-inch stovepipe casing, 
extends ta a depth of 64 feet below the surface of the ground. The 
casing, which is not perforated, penetrates 14 feet into a good water­ 
bearing stratum composed of gravel with few boulders, and the water 
enters at the bottom. (For log of well see PI. XXVII.) In 
1914-15 the normal water level ranged from 21 feet to 32 feet below 
the surface of the ground (Table 30, p. 126). The well was pumped 
for 1 hour and 38 minutes at a rate of 373 gallons a minute; the 
resulting drawdown, which was reached 15 minutes after the pump 
was started, was 21 feet, or to 42 feet below the surface of the ground. 
The specific capacity of the well was therefore 18 gallons a minute 
per foot of drawdown.
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Wett 0 102 Well O 102, owned by R. J. Jaeger, is half a mile 
^.ortheast of Nestor. It consists of a dug pit, 4 feet square and 110 
ceet deep, at the bottom of which is drilled a hole 20 feet deep lined 
Tith 12-inch casing that projects 10 feet above the bottom of the 
nit; the total depth of the well is 130 feet. No very definite, infor­ 
mation could be obtained as to the log of the well, but the drilled 
^ectipn was said to be mostly in sand and, near the bottom, nr^dium 
 gravel. At the time of the test the normal water level measured 84 
ceet below the surface of the ground. The well was pumped for 2 
\ourp and 6 minutes at the rate of 116.5 gallons a minute without 

'owering the water level. It is evident, therefore, that the W'?U was 
not being pumped to its full capacity, the pump being too small to 
properly test the well, and the specific capacity could not be deter­ 
mined.

Discussion of well tests. The results of well tests are summarized 
:n Table 43 (p. 162). The tests of wells O 47 and .O 115 indicate 
that in this area the specific capacity of wells penetrating open gravels 
is about 15 gallons per minute for each foot of drawdown. . A single 
well penetrating open gravels should therefore yield about 300 gallons 
a minute for a- 20-foot drawdown. Wells such as O 110, ~0 1J 6, and 
O 111, which penetrate hardpan and adobe containing boulde*% and 
gravel, of which about 30 feet is saturated, would probably yield less" 
than those reaching gravel. Experience with the best of such wells 
near the edge of Tia Juana Valley indicates that the specific cr.t>acity 
is about 10 gallons a minute per foot of drawdown. Where water is 
needed to irrigate alfalfa it is customary to drill several such wells 
in a group. The probable yield of a proposed well should H esti­ 
mated, if possible, on that of wells in the immediate vicinity which 
are being pumped to capacity; if such information is not* available 
the figures here given may serve as a rough guide.

WELL CONSTRUCTION.

On the lower benches near San Diego Bay where water nay be 
reached at depths of less than about 100 feet, dug wells are practi­ 
cable, but such wells can not be constructed profitably on tt^ high 
mesas, and even on the lower benches drilled wells are likely to be 
much more satisfactory. Wells 3| or 4 feet in diameter can be dug 
at a cost of about $1 a foot.

Very satisfactory results are being obtained on the lower terraces 
by the use of cased wells 8 to 12 inches in diameter. Whore the 
usual depth to the water plane exceeds 10 feet and ordinary centrifu­ 
gal pumps are to be installed, pump pits are dug and the casing sunk 
Prom the bottom. In the best plants pump pits are lined with con- 
3rete. If a deep-well pump is to be installed a pit is not nectary.
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Wells are drilled either with the ordinary California rig or some tyr 
of portable rig. Occasionally standard pipe is u^ed as well casing 
instead of stovepipe casing.

Two other general methods of well drilling nray be successful!? 
employed in the sedimentary formations of this area the percus 
sion method and the abrasion or rotary method. The percussior 
method, which is more commonly used, consists of lifting anc 
dropping, by means of suitable apparatus, a heavy string of dril 
tools that punch or cut a hole through the unconsolidated mate­ 
rials and break the solid rock into fragments small enough tc 
be readily removed from the hole. When the well is drilled hi uncon 
solidated materials iron pipe or well casing as large in diameter as 
the hole will admit, usually 6 to 10 inches, is generally driven dowr 
as rapidly as the drill descends, each added length of casing beinc 
securely screwed to the preceding one to make a tight joint. If the 
well penetrates hard bedrock the. casing should bo driven a few fee' 
into the rock to prevent infiltration of water and silt from the over­ 
lying deposits. If the well ends in loose material the casing extends 
to the bottom of the hole and may be perforated or slit at the lowe' 
end to. admit water more readily. The casing is allowed to exter: 
several inches above the surface of the ground to prevent inflow c 
surface water, and a flange is fitted to the top tc which a pump it 
attached.

In drilling by the abrasion method hollow drill tools armed with 
some harder materials, such as diamonds or chilled shot, are rotate: 
on the rock in such a way that a cylindrical core is cut out an 
brought to the surface in short pieces. The wells sunk by thif 
method are finished in the same way as those made by percussior 
drilling and the costs practically the same as those sunk by the otlwr 
method.

Owing to the competition among well drillers there is no standard 
scale of prices for well drilling. It is customary to charge according 
to a "sliding scale" a certain amount $2 or $3 a foot for the firs* 
100 feet and an additional $1 or $2 a foot for each additional 10C 
feet. Mr. Wilkes James stated that his rates for a 10-inch well are 
$2 a foot for the first 100 feet, $2.50 a foot for tin second 100 feet, 
and $1 a foot additional for each additional 100 feet. This price, 
however, does not include casing. In November, 1914, the price of 
standard 10-inch casing was about 90 cents a foot.
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GROUND WATER IN THE HIGHLAND AREA.

By A. J.-EMJS and 0. H. LEE. 

WATER-BEARING FORMATIONS.

The rocks of the highland area may be divided, according to their 
ability to store and yield water, into four groups: (1) the crystalline 
rocks; (2) the talus at the bottoms of the mountain slope»; (3) the 
residuum or weathered material, popularly called "decomposed 
granite," in the highland basins, described on page 71; (4) the 
alluvium in the valleys of the principal streams; and (5) the lake 
deposits in Warners and San Felipe valleys.

WATEB IN CRYSTALUNE ROCKS.

None of the wells that were examined in San Diego County obtain 
water from the crystalline rocks, and this discussion is therefore based 
on the knowledge of the occurrence of water in crystalline rocks in 
other areas; but since the underlying principles do not change from 
one place to another, and since, as will be shown, specific information 
in regard to rock wells is of very little use in planning future develop­ 
ments except as emphasizing the uncertainties involved, information 
based on conditions in areas of similar rocks may properly be applied 
to the crystalline rocks of San Diego County.

Undecomposed crystalline rocks are practically imperviour They 
absorb some water, but the pores that take up the water are so 
small that the movement of water through them is exceedingly slow 
and they are altogether incapable of yielding a water supply when 
the rocks are penetrated by a drill hole. All such rocks, however, 
are more or less broken, and fissures of various sizes extend ft>m the 
surface downward and intersect each other in such a way that a 
drill hole is able to drain not only the intersected fissures but also 
others with which these fissures may be connected. Water finding 
its way into cracks at the surface and passing from one figure to 
another as it descends may therefore constitute an important source 
of supply. Under these conditions obviously the chief factors in the 
occurrence of water are the number and size of the rock fissuros, topo­ 
graphy, and the amount of precipitation. In Connecticut,1 for ex­ 
ample, where rock fissures are numerous and the average annual 
rainfall is 47 inches, the average yield of wells drilled into crystalline 
rocks is about 15 gallons a minute; but the range is from nothing to 
more than 100 gallons a minute, and it is a common experience to 
obtain good wells 100 or 200 feet deep within a few yards of per­ 
fectly dry holes of greater depth. It is highly probable that^ owing 
to the low rainfall in San Diego County, the average yield of wells in

i Gregory, H. E., and Ellis, E. E., Underground waters oi Connecticut, with a study of tin occurrence 
of water in 'crystalline rocks: U. S, Geol. Survey Water-Supply Paper 232,1909,



190 GROUND WATERS OF WESTERN SAN DIEGO COUNTY, CALIF.

crystalline rocks will be small and that probably a considerable per­ 
centage of drill holes will fail to intercept water-bee ring fissures and 
will remain dry. In general supplies larger than those necessary for 
ordinary domestic use can not be expected from such wells. The 
most favorable sites for rock wells are where the rocks are most 
intensely fractured and at low levels where streamr or the drainage 
from surrounding slopes may afford more ample recharge of the rock 
fissures.

WATER IN TALUS.

Deposits consisting of heterogeneous mixtures of coarse and fine 
rock debris from the mountain slopes have accumulated along the

FIGURE 17. Diagram showing digitate character of contact between talus slipe and valley fill; condi­ 
tions favorable for rapid drainage of talus.

edges of many of the valleys in the highland area. In some places 
where the valley walls slope gently the coarse and fine materials are 
somewhat assorted into layers, but as a rule coarse and fine materials 
have been dropped together without assortment. As the finest 
material in the talus slopes is usually coarser than the alluvium that 
is carried out on the valley floors, the talus is particularly well 
adapted for absorbing water, and its topographic position enables 
water to reach it readily. Talus deposits grow sirrultaneously with 
the accumulation of alluvium on the valley floors, and their bases 
are interlocked with -the alluvium in such a way as to afford especi­ 
ally favorable conditions for the seepage of water from the talus into 
the alluvium (fig. 17). Owing to its coarseness and its position the 
talus is not adapted for storing water, and the water th'at it absorbs 
sinks rapidly and enters the alluvium. Unless there is a covering of
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soil on some higher parts of the slope, which absorbs rairfall and 
discharges it gradually into the talus, or unless the fissure* in the 
rocks themselves afford such a supply the talus is not likely to con­ 
tain water during dry periods; for this reason it can not in general 
be regarded as a reliable source of well water. If a well must be 
sunk into such a deposit it should be placed as near the bottom of the 
slope as possible; and if it is practicable to choose a site where the 
well will penetrate alluvium the chances of obtaining a water supply 
are much better. It should be noted, however, that in soire places 
peculiarities in.the talus itself or in the underlying rock slope, or a 
permanent stream or other source of water may afford cc editions 
favorable to the occurrence of a ground-water reservoir.

WATER IN THE RESIDUUM. 

CHARACTER OF THE RESIDUUM.

The most important source of ground water in the highland area 
is the residuum or, as it is commonly called, the "decompose gran­ 
ite," which covers the bedrocks in all the highland basins ard which 
occurs more or less generally throughout the area. This material 
consists of small lumps or grains of the original crystalline rocks 
that have been disintegrated by the removal or alteration of some 
of their mineral constituents. The disintegration is most complete 
at the surface, where in many places the rock has been completely 
reduced to soil, and it decreases gradually from the surface down­ 
ward until, at depths ranging from 3 feet to more than 100 feet, it 
merges with thoroughly indurated rock. Granite is one of the most 
easily altered crystalline rocks and is the most prevalent rock in this 
area, so that by far the largest part of the residuum is derived from 
granite. Figure 18 shows sections of the residuum as determined 
from well logs.

The porosity of residuum varies greatly as it depends on the 
degree of disintegration, which is subject to wide variations, both 
vertically and horizontally. In one place, for example, a veil may 
be easily dug with a pick and shovel to a depth of 50 feet or more, 
whereas in another place only a few rods distant blasting may be 
necessary at a depth of 15 to 20 feet. But as a rule the residuum is 
sufficiently porous and disintegrated to afford storage fo^ water. 
There are many rock basins, such as El Cajon Valley, Escondido 
Valley, Bear Valley, Jamul Valley, and Padre Barona Vallej, which 
are nearly water-tight and contain considerable disintegrated material 
in which water is stored. Ground water may be drained from a 
large area by sinking wells through the decomposed rock and dig­ 
ging tunnels or boring holes at right angles to the slope of the 
surface, as explained on page 194.
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WATER TABLE.

The water table in the residuum lies at depths ranging from less 
than 10 to more than 30 feet below the surface of the ground, fluc­ 
tuations of ground-water level from September, K14, to August, 
1915, were observed in twelve wells as follows: L 40, G 32, L 92, L 
11, H 32, L 24, L 96, P 21, P 2, H 37, H 17, and H 38. Observations 
since 1912 are also available for wells L 92, L 11, and H 32. The 
positions of these wells are shown in Plates XXII anc1 XXIV and full 
information concerning them is given in Table 45. A summary of 
observations, including dates and elevations of jraximum water

,Well G36 Well LE4 WeJI L97 
Elevation 370 ft. Elevation 430ft. Elevation 525ft.

Approximate surface  "

Well L98
Elevation 490 fit.

Adobe soil

/fed soil

Decomposed 
granite-(water)

Soil

Porous red 
subsoil

Decomposed 
granite(nvaterj

Depth 50ft. Depth 49 a.

Depth SS A.

Decomposed 
granite

Decomposed 
granite (traterj

Depth HSfl.

160

FIGURE 18. Sections of wells In residuum.

levels, is given in Table 30 (p. 126). The maximum, minimum, and 
average range of fluctuations observed in wells in 1914-15 are shown 
in Table 32 (p. 133). The figures there given indicate an annual range 
of 3.0 to 9.4 feet on an average range of 5.85 feet, although the aver­ 
age probably exceeds 5.85 feet over large areas. The detailed record 
of fluctuations at eight typical wells, as shown graphically in Plate 
XLVII, corresponds generally to that of wells in the fill of the major 
valleys. Wells that show quick rise at the date of the first storm 
producing run-off, such as well H 87, are near stream channels; in 
other wells in open valleys and on gentle foothill slopes the water 
levels are highest in March or April or even as late ae May or June.
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SOURCES OF WATER.

The water in the residuum or depomposed granite is derived (1) 
by absorption directly from rainfall, (2) by absorption from streams, 
and (3) by seepage from irrigated areas.

Water from streams is absorbed only by material adjacent to stream 
channels. Streams that flow over alluvium recharge the alluvium, 
which, in turn, contributes to the supply of adjacent residuum. 
If the period of flow is short, as it usually is in small stream channels, 
the quantity of water absorbed from this source is small. Seepage 
from irrigated areas forms a large part of the ground-water supply 
in regions where irrigation is practiced, especially where the supply 
is brought in from a distance. As the irrigation season is in the 
summer, replenishment from this source does not occur during the 
same period as that from rainfall and run-off. The water-bearing 
formations are thus recharged throughout the year instead of during 
the rainy season only. The principal areas of residuum in which 
irrigation is practiced are in El Cajon and Escondido valleys. The 
supply of water available from wells in the residuum within and below 
these irrigated areas is the most plentiful and permanent to be 
obtained in that formation in San Diego County.

The most general and largest source of water in the resMuum is 
derived from rainfall, although less than 40 per cent reaches the water 
table. The rainfall map accompanying this report (PL XV) shows the 
relative quantities available for absorption in different places. Except 
in El Cajon Valley, the average annual precipitation over the larger 
areas of residuum ranges from 15 to 22 inches, depending on the eleva­ 
tion. In El Cajon Valley it ranges from 12 to 14 inches. -In very 
dry years, two of which may occur in succession, the precipitation 
may be only half of the above quantities (Table 18, p. 84).

The duty of water for irrigated citrus orchards in this region is 
about 1 foot per year, and for alfalfa 2 to 3 feet. The supply of water 
from residuum, where the only source of replenishment if rain, is 
inadequate for the irrigation of extended overlying areas. Supplies 
for small isolated areas of a few acres, however, may be obtained from 
one favorably situated well with sufficient lateral development to 
permit drawing water from a large surrounding area. The storage of 
ground water is favored by (1) great depth of residuum, (2) position 
at the bottom of a slope, near a stream channel or in a ravine, and (3) 
vegetation and other surface conditions favorable for retarding 
run-off from the slopes or drainage area above the well.

YIELD OP WELLS.

The yield of wells has been found to range under differert condi­ 
tions from very small quantities to as much as 150 gallons pe~ minute

115536° 19 WSP 446  13



194 GROUND WATERS OF WESTERN SAN DIEGO COUNTY, CALIF.

(Tables 43, p. 162, and 61, p. 275). The smallest yHds are obtained 
from wells without laterals, in shallow decomposed rock or in unaltered 
rock, on upper slopes or in small ravines, or in otNr places where 
conditions are, not favorable for large absorption; the largest yields 
are obtained from wells that penetrate residuum of considerable 
depth, that are provided with lateral tunnels and auger holes, and 
that are situated in valleys irrigated with water from an outside 
source. In general, it may be said that the specific capacity of the 
best wells in residuum is about 8 gallons a minute per foot of draw 
down, that for many wells it is as low as 1 gallon per minute per foot 
of draw down, and that for the poorest wells it is much less than 1 
gallon.

METHODS OF SINKING WELLS IN RESIDUUM.

Both dug and drilled wells can be successfully ^ink in areas in 
which ground water is derived from residuum,, but drilled wells are 
not likely to yield much more water than is ordinarily required for 
domestic use, so that where water is needed for irrigation dug wells 
should be constructed.

Drilled wells should preferably be 10 or 12 inctes in diameter. 
Storage may be provided by drilling to a depth below tl at of the decom­ 
posed rock, but this method is not likely to increase the specific capacity 
of the well. Better results may be expected from a well of large 
diameter drilled to the bottom of the pervious rock than from a well 
of small diameter in which storage is provided by drilling into the 
underlying impervious rock.

Dug wells of the kind ordinarily used for domestic water supplies are 
suitable for that purpose in the areas underlain by tl ^ residuum, but 
they do not yield enough water for irrigation. Wells combining modi­ 
fications of this type, however, made by digging horizontal tunnels or 
by boring small lateral auger holes from the bottoms of dug wells, 
afford supplies as large as can possibly be obtained from residuum. 
The tunneled wells are usually made in the following manner:

A well about 10 feet in diameter is dug to the depth at which the 
rock appears to be practically impervious; this depth varies from 
place to place, but in most places is between 30 and 80 feet. The 
disintegrated rock is easily excavated near the surface with pick 
and shovel but it gradually becomes harder with depth and may 
require blasting through more than half the depth. When the water 
level is reached pumps are started and are kept in operation as 
required until all underground work is completed. At the proper 
depth the work of tunneling is begun. An area about 4 feet wide 
and 6 feet high is laid out on the wall, the lower side being a few feet 
above the bottom of the well,. A smalj blast hole, 4 or 5 feet long, 
is drilled horizontally in the center of the area, and a similar hole, 
inclined toward the center one, is drilled at each corner. This arrange-
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ment of blasts is necessary to insure control of the size and shape of 
the tunnel and to minimize the consumption of powder. The holes 
are usually drilled with a small compressed air drill, but at the cost 
of a little more time and labor they can be bored with ham* augers. 
After the blast is fired the walls of the tunnel are trimmed and new 
blasts are prepared as before, the tunnel being advanced to its full 
length in this manner. The tunnels are slightly inclined upward 
to permit the water to flow freely toward the well. The rock is of 
such character that the walls and roof stand without timbering, but 
when blasted from the heading it usually falls in small bits on the 
floor of the tunnel and is washed along by the natural flow of water 
to the well where it is shoveled into buckets and hoisted. Smoke 
produced by blasting is removed by reversed blowers. Tunnels up to 
150 feet in length are commonly constructed in this manner. Usually 
two tunnels are dug in opposite directions from the well, but as many 
as three or four are sometimes made.

The following charges were made in 1914 for wells constructed by 
this method: For sinking wells 10 feet hi diameter in residr.um, $10 
a foot for the first 10 feet and $2 a foot additional for each additional 
10 feet; for sinking wells in hard unaltered granite, $15 a foot for 
the first 10 feet and $7 additional for each additional 10 feet; for 
digging tunnels in residuum, $5 a foot for the first 10 feet rnd $1 a 
foot additional for each additional 10 feet.

The chief advantage afforded by wells of this kind is their large 
storage capacity. A tunnel 4 by 6 feet in cross section has r, storage 
capacity of 180 gallons per foot of length, from which it is evident 
that wells having an aggregate of several hundred feet of tunnels are 
capable of furnishing fairly large supplies when the tunnels have 
become filled.

Wells with lateral auger holes are sunk to the required depth in the 
usual manner and the laterals are bored 3 or 4 feet from the bottom, 
or as near to the bottom as it is convenient to work. A l|-inch or 
2-inch auger is used, to which, as it advances, successive sections of 
hollow pipe are screwed. The length of the sections is limited by the 
diameter of the well, and each section is perforated by a few small 
holes to admit water. The auger is directed upward at a slight 
angle to permit the water to run freely toward the well, and the 
cuttings, entering the end of the pipe, are carried to the well by the 
flow of water, so that it is not necessary to withdraw the au^er until 
it has advanced the full distance. Laterals 100 feet long are com­ 
monly bored in this manner. Usually several holes are bored in 
different directions from a well. The cost of laterals ranged in 1914 
from 25 to 50 cents a foot, and a workman can make an average of 
about 40 feet a day where the flow of water is strong enough to remove 
the cuttings readily.
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The advantage in this- method of construction lies in the fact that 
at a very moderate cost the yield of a well may be increased several 
fold, but of course wells of this type lack the storage capacity that 
is obtained by tunneling.

DESCRIPTIONS BY AREAS. 

FALLBROOK AMD VICINITY.

All the wells examined in the vicinity of Fallbrook end in residuum. 
They range in depth from about 30 feet to more than 100 feet and 
furnish supplies ranging from meager amounts, I <?,rely adequate 
for domestic needs, to quantities large enough to irrigate 25 acres 
of land. Ample supplies of good quality are, however, obtained 
in all the wells that are favorably situated. Dug wells with lateral 
auger holes or tunnels below the water level (see p. 194) have been 
found to be much more satisfactory than drilled welh. and there are 
said to be no drilled wells in use at the present time. A few wells, 
8 and 10 inches in diameter, were drilled to depths of 100 feet or 
more in Fallbrook but they failed to furnish adequate supplies and 
were abandoned. The depth to water in the wells examined ranges 
from 10 to 68 feet but exceeds 40 feet only in wells at high elevations, 
where less favorable ground-water conditions are to be expected. 
In order to obtain the best results wells should be sunk at low eleva­ 
tions where, by the use of lateral auger holes or tunnels, the under­ 
ground drainage from long slopes may be intercepted. The following 
wells are typical of this vicinity. Additional data are given in 
Table 46 (p. 221).

At Dr. Pratt's ranch (B 4) there are three dug wells 8 feet in 
diameter, each 40 feet deep, connected at the bottom by tunnels 
4 feet wide by 6 feet high, with other tunnels, aggregating about 
180 feet in length. These wells end in residuum which was said to 
extend to a depth of 100 feet, where hard blue granite is reached, 
and they furnish enough water to irrigate 25 acres of lemon trees. 
The water stands normally within 10 feet of the top, and it was 
reported to rise to this level rapidly even after the wells had been 
pumped empty. No timbers or other supports are used in the 
tunnels and the wells are curbed to a depth of only 15 feet. Water 
is pumped at the rate of about 135 gallons a minute at a cost of about 
3 cents per 1,000 gallons.

Mr. J. A. Fulwiler's well (B 5), in the NE. J sec. 25, T. 9 S., R. 4 W., 
is a dug well 55 feet deep and 4 feet in diameter, at the bottom of 
which is a tunnel 7 feet high, 5 feet wide, and 16 feet long. It 
penetrated gray residuum which required blasting below the depth of 
15 feet, but did not reach solid granite. The well has been pumped 
at the rate of about 35 gallons a minute, 24 hours a day, for 6 weeks, 
and the water level stood constantly 52 J feet below the surface, or 
2J feet above the bottom of the well. Very little water is used for 
irrigation at the present time, but it is believed thr,t the supply is
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sufficient to irrigate 20 acres. The pumping plant consists of a 
suction pump with two 3-inch cylinders 22 inches long, f.nd one 
4-horsepower gasoline engine.

This well is near the bottom of a slope about one-fourth mile long, 
near the top of which is a dug well 13 feet deep, containing 5 feet of 
water and yielding just enough for domestic use. It can be pumped 
empty in a short time by a windmill operating a 2-inch cylinder. 
Mr. Fulwiler stated that the well passed through 15 feet of so; l at the 
surface and continued to the depth of 73 feet through reniduum.

ESCONDIDO AJTO VICESriTY.

Escondido Creek flows over a deposit of valley fill that extends to a 
depth of more than 50 feet below the present floor of the valley. 
This deposit consists of beds of sand and gravel and a few layers of 
hard clay. Its areal extent has not been accurately determined but 
it is probably not more than a half mile wide and about 5 mil°-s long. 
Wells along the creek between Escondido and the north side of the 
plain derive their water from the valley fill, but all other wells in the 
vicinity obtain their supplies in residuum.

Well G 1, belonging to A. C. Meyer, is 38 feet deep and 4.5 feet in 
diameter. Residuum extends from the surface to the bottom of the 
well where the material is unaltered granite. Two horizontal tunnels, 
3 feet wide by 6 feet high, one of which is 165 feet long and the other 
38 feet long, extend in opposite directions from the bottom of the 
well. The pumping plant consists of a 9-horsepower gasoline engine 
and a No. 3 vertical centrifugal, pump. The well can be pumped at 
the rate of 180 gallons a minute for six hours daily.

George Lehner's well (G 6) is a dug well 61 feet deep and ends in 
residuum. Two horizontal tunnels, 3 feet wide and 6 feet high, 
extend from the bottom of the well 60 feet in opposite directions. 
The pumping plant consists of a 6-horsepower gasoline engire and a 
suction pump with a cylinder 6 inches in diameter and 36 incl °s long. 
The well is said to have a continuous yield of about 18 gallons a 
minute, but it is allowed to stand idle until it has accumulated con­ 
siderable water and is then pumped at the rate of about 45 gallons a 
minute for about 12 hours, when the supply becomes exhausted.

A drilled well (G 8) 51 feet deep, at the home of Mr. J. C. Dickson, 
about 1J miles northeast of Escondido post office and just routh of 
Escondido Creek, penetrated the deposits shown in the following log.

Log of well of J. C. Dickson (G 8), about H miles northeast of Escondido post office.
De^th. 
Ft, in.

Soilandsand.................................................. 2C 0
Tough plastic clay. .......................................... 23 6
Sand......................................................... 22 6
Gravel, water bearing........................................... 3C 6
Tough plastic clay.............................................. 31 6
Sand and gravel, little water.................................... 51 0
Surface of granite bedrock.
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A well about 100 feet south of this well encountered granite at a 
depth of 5 feet.

Mr. Dickson's principal water supply is obtained from a well 
drilled about 6 feet from the 51-foot well. It is 31 feet deep and 12 
inches in diameter and on November 19, 1914, the water stood 
7 feet below the surface. It is cased with stovepipe casing and yields 
about 165 gallons a minute. Water is lifted by means of a centrifugal 
pump, operated by a 6-horsepower gasoline engine. A pumping 
test made November 19, 1914, showed that this plr.nt lifted water 
at the rate of 106.5 gallons a minute, and that the drawdown after 
pumping 20 minutes was 10.4 feet. Water is used for domestic supply 
and to a moderate extent for irrigation.

Well G 10, owned by Mr. John L. Ellis, is about 1 mile southeast 
of Escondido post office. It is 30 feet deep and yields about 20 
gallons a minute. A horizontal auger hole, 1J inches in diameter and 
50 feet long, bored near the bottom of the well, yields a considerable 
part of the water. The water level is ordinarily about 9 feet below 
the top of the well but it is lowered to the bottom in three hours by 
pumping at the rate of 50 gallons a minute. A suction pump with a 
cylinder 5 inches in diameter and 16 inches long is operated by a 
gasoline engine. The water is used principally for domestic supply.

The dug well of Mr. D. T. Marlor (G 12), which i^ about 2 miles 
west of Escondido, penetrates residuum to the deptl of 25 feet. It 
has no lateral tunnels or auger holes. In April, J914, the water 
stood 4.8 feet below the ground surface, and on November 20 it stood 
16.8 feet below the surface. This difference in level is believed to 
represent approximately the average annual fluctuation of the ground- 
water level at this place. The yield of the well is very small, but is 
sufficient for domestic needs. A 2,000-gallon tank is filled once a 
week, the water being lifted by means of a suction pump operated by 
a 2-horse-power gasoline engine.

Well G 13, belonging to Mr. Benjamin Chubbic, is 29 feet deep and 
3 feet in diameter, and on November 20,1914, the water stood about 
22 feet below the surface of the ground.

This well also is without tunnels or auger holes ard yields only a 
small supply. When pumped at the rate of 3.5 gallons a minute, it 
ususally becomes empty in about an hour.

The combination well (G 14) of Mr. William Biezebus furnishes a 
supply sufficient for domestic use and stock and for the irrigation of 
10 acres of lemon trees. It consists of two vertical shafts, 40 feet 
deep, 10 feet apart, connected with each other by a 14-inch auger 
hole, and with a system of 565 feet of laterals. Horizontal auger holes 
extend from the bottom of each, well, and, to provide storage, a 
horizontal tunnel 3 feet wide, 6 feet high, and 65 feet long, extends 
from the bottom of one of the wells. The pumping pbnt consists of a
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suction pump and a 6-horsepower gasoline engine. Water is pimped 
at the rate of 54 gallons a minute. The total cost of the well f,nd the 
pumping plant was $1,400.

POWAT VALLEY.

Most of the wells in Poway Valley are dug wells, 25 to 50 feet deep, 
without laterals. They end in coarse alluvium or residuum. These 
wells generally yield enough water for domestic use but not enough 
for irrigation. It has been shown, however, by two wells at tb^ head 
of the valley that supplies adequate for irrigation may be obtfined if 
proper methods are used. These wells were dug by Mr. Rufus 
Nephew, one of them (K 13) for Mr. A. A. Flint, and the other (K 14), 
about a half mile east of K 13, for Mr. J. D. Sylvester. Well K 13 is 
10 feet in diameter and 66 feet deep and has at the bottom two hori­ 
zontal tunnels, in most places 4 feet wide and 6 feet high but locally 
as large as 6 by 10 feet, one of which extends 120 feet north end the 
other 90 feet south. The well penetrated 12 feet of soil, 24 feet of 
sand and gravel, and 30 feet of residuum and did not reach unaltered 
rock. Water was obtained at a depth of 17 feet, and it ordinarily 
stands at this depth when the pump is not operated. A 3-inch 2-stage 
vertical centrifugal pump, set 53 feet below the surface, is run by a 
gasoline engine. The capacity of the pump is 225 to 270 gallons a 
minute. The water level is lowered from 17 feet to 53 feet below the 
surface during 11 hours of pumping at full capacity.

Seven acres of alfalfa are now under irrigation from this well, but 
it is planned to irrigate an additional 15 acres. The water is distrib­ 
uted in the following manner: A line of 6-inch galvanized-iron pipe 
in convenient lengths is laid along the higher side of the irrigated 
tract from the well to .the lower end of the field and the pump is 
started. The joints in the pipe line are not tight and a certgin amount 
of water escapes at each joint but, owing to the volume of the stream 
and the grades, most of it goes through to the end of the line. The 
workman then returns from the pump to the end of the line, the tune 
required for this trip being sufficient to allow the'proper quantity of 
water to flow from the end of the pipe, and carries each successive 
length of pipe to a parallel position at a suitable distance, say 50 feet, 
from its former place. Thus a new line is formed more or less parallel 
to the first line, and each time a length of pipe is carried to the new 
line the water escapes one joint nearer to the well in the old line. 
The quantity of water that escapes while a length of pipe i^1 being 
moved, with the quantity that previously leaked from the joint, is 
sufficient to cover the space between the pipe lines. When the length 
of pipe nearest the well is moved the water begins to flow through the 
new line and the process of moving is repeated.

The labor involved in this process is reduced as the c1;stance 
between successive positions of the pipe line is increased, and there-
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fore in order to minimize the labor two or three piper are repeatedly 
adjusted at the end of the old line each time it is shortened, in such 
a way that the end of the old line slowly describes an arc, thus 
increasing the width of the strip watered. This mettod of irrigation 
is employed in many places in San Diego County and it is regarded as 
particularly applicable where soils are very porous. By telescoping 
the pipes so as to make fairly tight joints water may be carried over 
ground at elevations higher than the well. It is said that under 
favorable conditions lifts of as much as 30 feet can b^ accomplished, 
but such high lifts are ordinarily not economical.

The following information in regard to Mr. Sylvester's well (K 14) 
was obtained from Mr. Flint. This well is 10 feet in diameter and 
63 feet deep, with three tunnels 4 feet wide and 6 feet high extending, 
respectively, 30 feet east, 50 feet south, and 150 feet north. A pump 
having two 6-inch cylinders set 3 feet below the tops of the tunnels 
is run by a 10-horsepower gasoline engine. Water is lifted at the 
rate of 90 gallons a minute and the water level has not been lowered 
to the tunnels, although this rate of pumping has been continued 
15 hours a day for 15 days. Twenty-five acres of lemon and apricot 
trees are irrigated.

RAMONA AND VICINITY.  

A narrow deposit of water-bearing alluvium occurs along Santa 
Maria Creek, but most of the ground water is obtained from residuum. 
The following ground-water developments are typical of this vicinity. 
Data in regard to additional wells are given in Table 46 (p. 221).

Well H 7, on Mr. Ferdinand Hauck's ranch, was under construction 
when visited, November 23,1914. It had reached the depth of 23 feet 
and had encountered water at the depth of 14 feet. It was 6 feet 
square and was to be sunk to the depth of 75 feet. There are three 
drilled wens 8 inches in diameter respectively 36, 48, and 60 feet in 
depth, within a few rods of the dug well. Water war reached at the 
depth of 10 feet in each well and the yield of each was adequate for 
domestic use, but the combined yield was insufficient for irrigation. 
Windmills are installed over two of the wells and water is pumped 
for domestic use and for stock.

Well H 8, on Mr. W. D. Dukes's ranch, is a dug well 45 feet deep, 
in the bottom of which is a vertical hole drilled to the depth of 86 feet 
and ending in residuum. When examined this drill hole was about 
filled with sediment and yielded no water, but before it became 
filled it yielded a supply adequate for domestic use. 'Four 2-inch 
laterals, respectively 30, 40, 60, and 80 feet long, extend from the 
well at the depth of 40 feet below the surface. The 60-foot lateral 
discharges a 2-inch stream of water which reaches to the center of the 
well. The depth to water below the ground surface on November 
23, 1914, was 9 feet. It was said that water can be reached at any 
place in this vicinity at depths ranging from 6 to 15 feet below the
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surface. The pumping plant consists of a 4-horsepower gasoline 
engine and a 1^-inch centrifugal pump. Mr. Dukes stated that in 
this vicinity the alfalfa crop averaged 4 tons per acre without irri­ 
gation and 6 tons per acre with irrigation, but, that, regardless of 
production or crops, irrigation was practically essential in order to 
destroy gophers which infest this valley.

A group of four drilled wells (H12) on the ranch of Mr. W. E. Wood­ 
ward, 8 inches in diameter and ranging in depth from 34 to 38 feet, 
yield water for domestic use and for the irrigation of 15 acres of land. 
These wells are close to Santa Maria Creek and extend through 
valley fill just to the surface of residuum. The depth to.water is 
about 9 feet, and the entire supply, amounting to about 585 gal­ 
lons a minute, is derived from the valley fill. The wells are fitted 
with perforated casings. The pumping plant consists of a 10-horse- 
power gasoline engine and a 4-inch centrifugal pump.

Three wells (H 11), belonging to Mr. A. U. Woodward, were 
recently completed a short distance south of H 12, close to Santa 
Maria Creek. They were drilled, 8 inches in diameter, to depths 
of from 34 to 36 feet, and just reach the surface of residuum under­ 
lying the valley fill. Perforated casings extend to the bottoms of 
the wells. Water was reached at the depth of 6 feet and a combined 
yield of 630 gallons a minute was obtained. An 8-horsepower 
gasohne engine and.a 4-inch centrifugal pump have been installed 
to pump water for domestic use and for irrigation.

EL CAJOIT VALLEY.

Along the north side of EICajon Valley water is obtained from the 
valley fill along San Diego Biver, as described on page 119. South of 
the filled valley of the San Diego, however, ground water is obtained 
principally from residuum. The usual practice in this valley is to 
dig wells 5 feet in diameter to depths 30 or 40 feet below the water 
table, then to bore near the bottom three or four horizontal auger 
holes 2 inches in diameter. It has been found that by boring these 
holes the yield of a well is increased two or four fold, affording on 
the average about 45 gallons per minute. A few of the older wells 
in the valley have lateral tunnels, of large cross section 1 glow the 
water table, but although the advantage of a large storage capacity 
in this sort of well is recognized, auger holes are now macS in pre­ 
ference to larger tunnels because of the great difference in the cost of 
construction (p. 195). A'large number of the wells in El Cajon 
Valley are equipped with pumps operated by gasoline engic es, and it 
is said that on this account the water table has been very coo-^derably 
lowered. Mr. H. Culbertson, who has drilled many of the wells in 
the valley, stated that 50 years ago water was reached at the depth 
of 8 feet on the east side of the valley where it now stands at a depth 
of 40 feet. Moreover, the flume owned by the Cuyamaca Flume Co.,
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of San Diego, extends along the east and south sider of the valley 
and has supplied water for irrigation since 1887, and it is believed 
that this has contributed materially to the ground-water supply.

At many places in the western part of the valley wells have pene­ 
trated beds of marl interbedded with and underlying clay at depths 
ranging from 8 to 40 feet below the surface. The marl beds have 
often yielded bitter, salty water, and some wells have been aban­ 
doned on this account. The marl beds are not contir uous over the 
entire valley, however, but appear to have been laid down in the 
depressions on an uneven basement between which masses of granitic 
residuum rise to the surface of the ground. Water obtained from 
the granite has invariably been of good quality.

Well L 24, owned by Joseph Miller, is a mile north of El Cajon in 
El Cajon Valley. The well consists of an open pit, 7.5 feet in diam­ 
eter and 50 feet deep. About 7 feet up from the bottom of the well, 
five 2-inch auger holes have been bored, extending out radially from 
the well and sloping slightly upward for distances ranging from 60 
to 131 feet. The total length of these laterals is 541 feet. The log 
of the well (fig. 18) shows 32 feet of residuum from which the water 
issues. The normal water level during the year is about 12 feet 
below the ground surface. In a test covering 20 hours and 48 
minutes the well was pumped at the rate- of. 156 gallons a minute, 
during which tune the water level was lowered 20.8 fe°it or to a level 
30.8 feet below the surface of the ground. The capacity of the well 
is therefore 7.5 gallons a minute per foot of drawdown.

Well L 98, owned by Charles Bentley, is 2 miles east of El Cajon. 
It consists of an open pit about 7 feet in diameter for the first 6 feet, 
4.5 feet in diameter for the next 20 feet, and 6 feet in diameter for 
the rest, the total depth being 68.5 feet. It has no lateral tunnels or 
auger holes. Its log (fig. 18), shows 62.5 feet of residuum, from which 
the water issues. Its normal water level is about 11 feet below the 
ground surface. In a test covering 3 hours and 30 minutes the well 
was pumped at an average rate of about 79 gallons a minute. The 
total draw down was 24.7 feet or to a level about 36 feet below the 
surface of the ground. The capacity of the well is therefore only 
3.2 gallons a minute for each foot of drawdown, or les^ than half the 
specific capacity of well L 24, which has a large systen of laterals.

PADRE BARONA VALLEY.

The floor of Padre Barona Valley is composed of residuum which 
in some places is covered by thin deposits of alluvium and every­ 
where underlain by hard blue granite. The residuum ranges from 
30 to 40 feet in thickness and is saturated with water below a depth 
of 8 feet from the surface of the ground. A number of wells have 
been sunk to obtain water for irrigation.
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As Barona ranch, owned by Mr. W. H. Jones, includes all .the land 
in the valley, the systematic development of the ground-water 
resources is unhampered by conflicting rights and requirements. It 
is planned to dig wells at convenient intervals entirely across the 
valley and to connect them by tunnels. The description of one of 
the wells in this proposed series that was under construction when 
visited on October 27, 1914, is applicable to all the wells now in the 
valley. This well is 39 feet deep and 10 feet in diameter, with two 
tunnels 4 feet wide, 6 feet high, and 125 feet long, one extending north 
and the other south from the bottom of the well. It penetrates 
residuum and extends to comparatively unaltered rock. ^Tris well 
reached water at a depth of about 8 feet and yielded at the time of 
examination 45 gallons a minute, although one of the tunnels was 
only about half completed. The probable quantity of water obtain­ 
able from the completed system had not been estimated but it was 
expected to be sufficient to irrigate all the overlying lands.

WARNERS VALLEY.

No wells have been drilled in Warners Valley to obtain water sup­ 
plies, but in 1912 and 1913 Mr. Winterhalter sank a number of test 
holes for the purpose of obtaining information in regard to the 
position and fluctuation of the water .table. The position? of these 
test holes is shown on Plate II, and the results of the measurements 
of the depths to water, as furnished by Mr. Williams Post, are shown 
in the following table:

TABLE 44. Depths to the loater level in test holes on the Warner ranch.
Hole E 1.

- [Elevation, 2,703 feet; depth, 9 feet.]

Date.

1913.

14......................

Feb. 10......................

18.......................

Depth, to
water
level.

Feet.

...do.....

...do.....

...do.....

...do.....

...do.....

Elevation
of water

level
above

sea level.

Feel.

Date.

1913.

July 1.. ....................
18......................

Aug. 8. .....................
23......................

23...........'...........

Depth, to
water
level.

Feet.
Dry.....
...do..-.
...do.....
...do.....
...do.....
...do.....
...do.....

Elevation
of water

level
above

sea level.

Feet.

Hole E 2.
[Elevation, 2,729 feet; depth, 8 feet.]

1912. 
Dec. 3......................

17......................

1913.

14......................
30......................

Feb. 10......................
Mar. 3......................

6.1
6.0

5.7
5.7

4.4
1.3

2,722.9
2, 723. 0

2, 723. 3
2, 723. 3

2,724.6
2,727.7

1913. 
Mar. 18......................

17. .....................
July 1. .....................

18......................
Aug. 8......................
Sept. 5......................

23......................

1.6
3.9
4.5
5.1
5.8
6,2
7.4

, 7.2

2,727.4
2,725.1
2, 724. 5
2,723.9
2,723.2
2,722.8
2,721.6
2, 721. 8
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TAKLE 44. Depths to the water level in test holes on the Warner ranch Continued.

Hole E 3.

[Elevation, 2,789 feet; depth, 5 feet.]

Date.

1912. 
Dec. 3......................

17......................

1913.

14......................
30......................

Feb. 10......................
Mar. 3......................

18......................

Depth to 
water 
level.

Feet. 
4.3
i 9

4.0
3.9
3.2
3.4
2.1
2.3

Elevation 
of water 

level 
above 

sea level.

Feet.
2.784.7
2, 784. 8

2.785.0
2,785.1
2,785.8
2,785.6
2 7SA Q

2,786.7

Date.

1913.

17......................
July 1............ ...........

18......................
28. .....................

Aug. 8......................
23......................

23......................

Depth to
water 
level.

Feet. 
5.0
5.3
5.3

6.5
6.3

Elevation 
of water 

level 
above 

sea level.

Feet. 
2,784.0
2,783.7
2,783.7

Dry.
Do.
Do.
Do.

2,782.5
2,782.7

Hole E 4.

[Elevation, 2,790 feet; depth, 7.5 feet.]

1912. 
Dec. 3......................

17......................

1913.

14......................
29......................

Feb. 10......................
Mar. 3......................

18......................

7.5
7.5

7.5
7.5
7.1
7.5
6.1
5,8

2,782.5
2,782.5

2,782.5
2,782.5

2,782.5
2,783.9
2,784.2

1913.

17......................
July 1. ...... ...............

18......................
28......................

Aug. 8......................
23......................

Sept. 5 ......................
23......................

7.1
7.3
7.4
7.7
7.7
7.7
7.7
8.3
1.8

2,782.9
2,782.7
2,782.6
2,782.3
2,782.3
2,782.3
2,782.3
2,781.7
2,788.2

Hole E 5.

[Elevation, 2,817 feet; depth, 8 feet.]

1912. 
Dec. 3......................

1913.

14......................
29......................

Feb. 10......................
Mar. 3......................

5.9

5.7
5.2
4.6
4.0
1.6

2, 811. 1

2,811.3
2,811.8
2,812.4
2, 813. 0
2, 815. 4

1913. 
Mar. 18......................

17......................
July 1. .....................

18......................
Aug. 8......................

23......................

1.9
5.5
6.0
6.1
6.2
6.3
6.2
G.I

- 2,815.1
2,811.5
2,811.0
2,810.9
2,810.8
2,810.7
2, 810. 8
2,810.9

Hole E 6. 

[Elevation, 2,837feet; depth, 7 feet.]

1912. 
Dec. 3......................

17......................

1913.
Jan. 2......................

14......................
30......................

Feb. 10......................
Mar. 3......................

18......................

. 1.8
1.9

2.0
1.8
2.0
2.2
1.6
2.3

2,835.2
2, 835. 1

2, 835. 0
2, 835. 2
2, 835. 0
2,834.8
2, 835. 4
2,834.7

1913.

17. .....................
July 1.. ....................

18......................
28......................

Aug. 8......................
23

Sept. 5......................
23......................

2.9
2.9
4.0
4.2
4.2
4.4
4.8
4.3
4.5

2, 834. 1
2,834.1
2, 833. 0
2,832.8
2,832.8
2, 832. 6
2,832.7
2,832.7
2,832.5
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TABLE 44. Depths to the water level in test holes on the Warner ranch Continued.
Hole 11.

[Elevation, 2,798 feet; depth, 9 feet.]

Date.

1912.

17......................

1913.

U. ............ .........
29. .....................

Feb. 10......................
Mar. 3......................

Depth to
water 
level.

3.6
3.6

3.4
3.2
3.1
3.1
2.5

Elevation 
of water 

level 
above 

sea level.

2,794.4
2 OQ.4 A

2,794.8
2,794.9

2, 795. 5

Date.

1913. 
Mar. 18......................

17......................
July 1. .....................

18......................

23......................

Depth to 
water 
level.

3.1
4.4
4-7
4.7
4.7
4.7
4.5
S-3

Elevation 
of water 

level 
above 

sea level.

2,794.0
2,793.6
2,793.3
2,793.3
2,793.3
2,793.3
2,793.5
2,792.7

Hole 12.

[Elevation, 2,986 feet; depth, 9 feet.]

1912. 
Dec. 3......................

17......................

1913.
Jan. 2......................

14......................
29......................

Feb. 10 .....................
Mar. 3.......................

6.9
8.1

6.1
5.9
5.7
5.8
4.2

2,979.1
2,979.9

2,979.9
2,980.1
2,980.3
2,980.2
2,981.8

1913. 
Mar. 18......................

17......................
July 1. .....................

18......................
Aug. 8......................

23......................

3.3
5.4
f.O
T.I

4.7
f.l
F.6

2,982.7
2,980.6
2,980.0
2,978.9
2,978.6
2,981.3
2,977.9
2 O77 i

Hole 13.

{Elevation, 3,095 feet.]

1912. 
Dec. 3......................

17......................

1913.

14......................
24......................

Feb. 10......................
Mar. 3......................

4.6
4.2

4.0
3.7
3.3
3.1
2.5

3,090.4
3,090.8

3,091.0
3,091.3
3,091.7
3,091.9
3,092.5

1913. 
Mar. 18......................

17......................
July 1...... ................

18......................

23......................

?.l
5.5
6.2
6.5
6.8
6.8
7.8
7.9

3,091.9
3,089.5
3,088.8
3,088.5
3,088.2
3,088.2
3,087.2
3,087.1

Hole 14.

[Elevation, 2,713 feet; jjepth, 7 feet.]

1913.

17......................

1913.

14......................
29......................

Feb. 3......................
10......................

Mar. 3......................

6.4
6.5

6.7
6.9
6.6
6.9
6.3
4.3

2,706.6
2,706.5

2,706.3
2,706.1
2,706.4
2,706.1
2,706.7
2, 708. 7

1913. 
Mar. 18......................

17......................
July 1. .....................

18......................
Aug. 8......................

00

23......................

3.6
4.4
4.7
4.8
4.8
4.9
5.2
5.4
5.8

2,709.4
2, 708. 6
2,708.3
2,708.2
2,708.2
2,708.1
2 *7fV7 fi

2,707.6
2 *7fV7 O

The water table is at shallow depths over a large part of Warners 
Valley, and springs appear at several places in the valley r-nd along 
its borders. * There is a group of hot springs at Agua Calieute, just
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above the eastern margin of the valley, which is generally known in 
southern California as a health resort. The water is sulphurous and 
reaches the surface of the ground with a temperature of about 148° F.

SAN FELIPE VALLEY.

The following information in regard to the water supply of San 
Felipe Valley was collected by J. S. Brown, of the United States 
Geological Survey, during a trip through the valley in 1918.

San Felipe Valley, most of which is included in an early land grant 
known as San Felipe ranch, comprises 15 to 20 square miles of valley, 
inclosed by moderately high mountains, in the eastern part of T. 12 S., 
R. 4 E., and the southwestern part of T. 12 S., R. 5 E. Through 
Banner Creek on the south, the Arkansas and other canyons on the 
west, and the headwaters of San Felipe Creek on the northwest, 
reaching back to the divide by Warner ranch, it receives the drainage 
from an area approximately twice its size, forming the eastern slope 
of moderately high mountains along the Peninsiilar divide. It 
receives also a small amount of drainage, chiefly intermittent, from 
the eastern and southern slopes.

Nearly all the western streams are perennial in the mountain 
region, though at places even there the flow is entirely within the 
stream gravels. The largest of these streams is Banner Creek, much 
of whose flow is forced to the surface by a rock dam in the gorge half 
a mile below Banner. A current-meter measurement made here 
February 13, 1918, showed 1.04 second-feet of water, which probably 
represents the usual winter flow. The flow in the upper end of San 
Felipe Creek is probably nearly as great, and that from the western 
canyons as much more. The water supply includes also the sub­ 
surface flow and the run-off from occasional floods.

The upper end of San Felipe Valley, including a stretch 2 miles 
long extending about a mile down into t the San Felipe ranch, is 
separated from the larger valley below by low spurs of the inclosing 
mountains. In the upper half of this tract, which is little more than 
half a mile wide, the waters of upper San Felipe Creek sink and leave 
a dry, steeply sloping floor covered with a mpderate growth of grass; 
in the lower half mile, over an area comprising prcbably 160 acres 
in the upper end- of the ranch, a rank grove of w:llows and large 
cottonwoods and increased growth of grass indicg.te that ground 
water is near the surface; just below this area a stream nearly equal 
to Banner Creek bursts up from the valley in numerous groups of 
springs that flow for a distance over the low natural dam.

This water, together with that from Banner Cre°,k and western 
canyons, unites to form a body of ground water under a second 
small valley, whose outer edges grade from rocky fan's into grassy
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slopes and give way finaEy to a marsh in the tract a mile or so east 
of the San Felipe ranch house. Shallow wells of good water are* 
easily obtained from the ranch house eastward. One well near the 
house yields a small flow, and four other weEs near by or a little 
farther east and fitted with windmills and furnish water for stock as 
well as for tho irrigation of small garden plots.

Another low granite ridge, jutting out from the south, constricts 
the passage of underground waters and separates a third smell valley 
(T. 12 S., R. 5 E.) from the one above. The water rising at this 
point, some 2 miles east of the ranch house, appears to f ow con­ 
tinuously through the lower valley, and ground water is at shallow 
depths over most of the central area. A heavy growth of mesquite 
covers the ground and grass is plentiful, making excellent pasturage. 
Springs that break out at some places indicate a slight pressure on the 
water beneath. The flow of San Felipe Creek near the middle of this 
vaEey was estimated as at least 3 second-feet by comparing its 
volume with that of Banner Creek. This water at the lower eid of the 
ranch spreads out over an alkali flat, probably half a mile in cHameter, 
and passes out through a narrow gorge at the northwest, from which it 
sinks into the desert eastward, and does not reappear until well down 
near the Sal ton Sea, where at places it breaks out for short distances 
as a weak flow of vile, bitter water, utterly unfit for any human use.

The creek at many places here flows through cut banks 10 to 20 
feet deep which show very evenly stratified fine sands containing 
great quantities of mica and considerable clay. The possibility that 
this part of the valley is occupied by lake beds is very strongly 
suggested, though no direct evidence was obtained.

Little use has heretofore been made of the water, the Sm Felipe 
ranch owners preferring to engage in grazing and using the w^.ter only 
for stock. A little of the water that rises over the first natural dam 
is led over some alfalfa ground in the upper part of the central valley, 
and a few other plots are irrigated by water from the wells. Several 
small tracts of excellent soil in different parts of the valley could 
probably be irrigated by proper conservation of the water available.

All the water, except possibly that obtained in the vicinity of the 
alkali flat, is of good quality. A sample taken from a stock well near 
the northwest corner of sec. 34, T. 12 S., R. 5 E., near the lower 
ranch gate, should represent probably the most saline water in the 
valley. A slight taste of salt is noticeable.

Five wells have been drilled on the San Felipe grant, none of which 
reached bedrock or residuum m place. All are situated near the 
middle of the valley and were intended to furnish water for imgation. 
The water is said to be of good quality, but the wells were not tested, 
and their success as sources of water for irrigation is not known.
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Well I 6, at the ranch house, is a drilled well 280 feet deep, lined 
with 12-inch casing, which was perforated after being inserted. The 
well penetrated alluvial rock debris, sand, and clay, and ended in a 
bed of rounded boulders from which a good supply of water was 
obtained.

Well I 5, half a mile east of I 6, penetrated alluvial soil and gravel 
to the depth of 90 feet, where it reached a bed of large boulders. 
This well is 12 inches in diameter and is finished in the same manner 
as I 6.

The other three wells I 7, I 8, and I 9 were all similar to thoge 
described in the preceding paragraphs.

DETAILED WELL RECORDS.

Tables 45 and 46 give records of all wells and springs examined hi 
San Diego County.
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 c
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C
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ss
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f w
el
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A
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l f
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.d
o
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..
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..

.

..
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.d

o
..
..
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D
ri

ll
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o
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D
u

g
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o
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D
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o
..
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.
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.d

o
..
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A
ug
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 h
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D
 if

 g
 

a
n

d
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ill

ed
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D
ri
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..

..
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D
ep

th
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 w

el
l 

be
lo

w
 

be
nc

h 
m

ar
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Fe
et
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14
.0

27
.0

 

70
.5

 

24
.3

33
.0

 

40
.0

58
.0

 

23
.5

9.
5

56
.0

 

16
.5

74
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lti

­ 
tu

de
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f 
gr

ou
nd

 
su

rf
ac

e 
ab

ov
e 

se
a l

ev
el

.

F
ee

t. 
83

. S

12
5.

8 

13
9.

0
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0)

 

28
.6

 

52
.3

 

?6
.0

32
.4

 

28
.3

26
.9

 

22
.4

22
.3

27
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25
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B
en

ch
 m

ar
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D
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ip

tio
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w
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T
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, s
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e.

 
T
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ur
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ch

 c
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in
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T
op

 o
f 1

2-
in

ch
 c

as
in

g 
be

tw
ee

n 
ti

m
be

rs
. 

T
op

 o
f 4

-f
oo

t 
di

am
e­

 
te

r 
w

oo
d 

cu
rb

, e
as
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si
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T
op

 o
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4 
by

 4
 f

oo
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 w
oo

d 
cu
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w
es

t 
si
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n
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et
e 

ar
ou
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ch

 c
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ch
 c

as
in
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.

T
op

 o
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h 

si
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k 
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 tw
o 

st
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ks
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p 
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 c
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f f
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222 GROUND WATERS OF WESTERN SAN DIEGO COUTTY, GALTP.

QUALITY OF WATER.

By A. J. ELLIS. 

SCOPE OF WORK.

The investigation of the water resources of San Diego County in­ 
cluded a study of the chemical quality of the waters for the purpose 
of determining their adaptability for use for domertic supplies and 
for irrigation.

The specific information in this report in regard to the quality of 
the waters is based on analyses or assays of 111 samples of water col­ 
lected by A. J. Ellis and C. H. Lee in November and December, 1914, 
and June, 1915, and of 10 samples collected by F. C. Ebert in 1918. 
The samples collected in 1914 and 1915 were analyzed or assayed by 
S. C. Dinsmore, under contract with the United States Geological 
Survey, and those collected in 1918 were analyzed by Alfred A. 
Chambers and C. H. Kidwell in the laboratory of the water-resources 
branch of the United States Geological Survey. Tbe complete ana­ 
lytical data are given in Tables 57, 58, and 59, pages 260-263.

Seven samples of surface waters, collected in March, 1918, by F. C. 
Ebert, were analyzed by Alfred A. Chambers and C. H. Kidwell and 
are given in Table 56, page 259.

METHODS OF ANALYSIS AND ACCURACY OF RESULTS.

The analyses (Table 57, pp. 260-261) were made according to the 
methods outlined in the report on the quality of surface waters in the 
United States Water-Supply Paper 236 (pp. 9-23), except that 
"sodium and potassium (Na + K)" was computed by calculating the 
sum of the reacting values of the acid radicles and subtracting from it 
the sum of the reacting values of the basic radicles determined. The 
excess of the acid radicles divided by the reacting vrlue of sodium is 
considered to be the amount of sodium plus potassium present in 
parts per million.

Total hardness as CaCO3, scale-forming constituents, foaming con­ 
stituents, and alkali coefficients were computed according to the for­ 
mulas given in this report on pages 225, 243 (Nor 1 and 3), and 
234, respectively. The probability of corrosion is based on a com­ 
putation made by applying formula 4, page 243.

The laboratory assays (Table 58, p. 262) comprise chemically de­ 
termined values of iron (Fe), carbonate (CO3), bicarbonate (HCO3), 
sulphate (SO4), chloride (Cl), and total hardness as CaCO3, and com­ 
puted values for sodium plus potassium (Na+K), total solids, scale- 
forming and foaming constituents, and alkali coefficient.

The methods used in determining chloride, carbonate, and bicar­ 
bonate are the same in the assays as in the analyses. Sulphate was 
determined by the field method described by R. B. Dole in Water- 
Supply Paper 398 (pp. 42-43); iron was determined by the field



TABLE 46. Records of all wells and springs that were examined in San Diego County, Calif. 

[For additional data see Tables 45, 57, 58, and 59.}

NTo. on 
PI. II.

Al 
A2 
A3 
Bl 
B2 
B3 
B4 
B5 
B5a 
B6

402 
03 
Dl 
El 
E2 
E3 
E4 
E5 
E6

1 Fl

F5 
F6 

c F7 
F8 

*/F9 
Gl 
G2 
G3 
G3 
G4 
G5 
G6

«G7
c G8 

G9 
GIO 
Gil 

-c G12 
G13 
G14

* G15 
/G16 
<ZG17

G17a 
4G18 

G19 
G20
G21
G22 
O23 
Q24 
HI

dH3 
dH4

dH6 
H7

Location.

Nearest post office.

.....do.. .........................

.....do...........................

.....do...........................

.....do...........................

.....do...........................

.....do...........................

......do... ........................

.....do...........................

.....do...........................
Pala.. ...........................

.....do...........................

.....do...........................

.....do...........................

.....do...........................

.....do..... ......................

.....do...........................

. ....do... .......... ..............

.....do...........................

.....do...........................

.....do...........................

.....do...........................

.....do...........................

.....do...........................

.....do...........................

.....do...........................

.....do...........................

.....do...........................

.....do...........................

.....do...........................

.....do...........................

.....do...........................

.....do........................... 

.....do...........................

.....do...........................

.....do...........................

.....do...........................

.....do...........................

.....do...........................

.....do...........................

.....do...........................

.....do...........................

.....do...........................

.....do...........................

.....do...........................

.....do...........................
Bamona.. .......................

Town­ 
ship.

LasFJo 
do

Range.

res land

Sec­ 
tion.

grant

Quar­ 
ter.

do .._--.---.. --..

9S*. 
9S. 
9S. 
9S. 
9S. 
98. 
98. 
98. 

Monser 
Pauma 
San Jos 

do

4W. 
4W. 
4W. 
4W. 
4 W. 
4W. 
4 W. 
3W. 
2W. 

ate land 
land era 
edelVa

'13 
24 
25 
25 
25 
25 
25 
15 
26 

errant

SE. 
SE. 
NE. 
NW. 
NE. 
NE. 
SE. 
SW. 
SW.

lie land §

.....do..........................

.....do..........................

.....do..........................

.... do. .....................
118.
us. 
us.
11 S.
us.
12 S. 
128. 
13 S. 
13 S. 
12 S. 

Rincon 
12 S. 
12 S. 

Rincon 
....do..
....do..
....do..
....do..
....do..
....do..
....do..
....do.. 
....do..
....do..

Encini 
San Be
12 S.

12 S. 
San Be 

....do..
13 S. 
13 S.

San Be 
....do..
....do..

12 S. 
12 S. 
12 S. 
12 S. 
12 S. 
12 S. 

Valle d

5W.
4W. 
4W. 
4W. 
4W. 
4W. 
4W. 
4 W. 
4 W. 
2 W. 

del Dial 
2 W. 
2 W. 

del Dial

........

as land 
rnardo 1 

1 W.

1 W. 
 nardo 1

2 W. 
2 W. 

nardo IE

1 W. 
1 W. 
1 W. 
1 W. 
1 W. 
1 W. 

e Palmo

14
18 
18 

4 
32 
26 
35 

2 
16 

2 
3lo......

1 

olo......

ind gran 
31

31 
mdgran

28 
12 

ndgran

33 
34 
35 
35 
35 
36 

land gra

SE. 
SW.
sw.
SE. 
NE. 
NW. 
NW. 
NE. 
NE. 
SE.

SE. 
SE.

t......
NE.

NE. 
t......

NE. 
' NE. 

; ......

SE. 
NW. 
NW. 
SW. 
SE. 

nf.....

Owner or name.

......do...........................

......do...........................
William Williams.................
Robert Nesbit..... ................
S.Sproul.. ........................
Dr. Pratt............ .............
J. A. Fulwiler........... ..........
. ...do.. ...........................

Clark

Village of Cardiff........... ......

.....do............................

JohnL. Ellis.....................
.....do............................
D. T. Marlor.....................

S.C. Smith... ................... 
H. B. Pratt......................

U. S. Weaver....................
.....do............................

A. B. Judson.. ...................
.....do............................

Ed. Harris.......................
Ferdinand Hauck.. . ...... ̂ . .....

Altitude 
above 

sea level.

Feet. 
25 
20 
15 

700 
700 
660 
690 
640 
690 
620 

1,000 
423 
200 

1,000 
2,703 
2,729 
2,789 
2,790 
2,817 
2,837 

12
32 
32
72.7 
20 

260 
20 
65 
25 

750 
725 
710 
710 
685 
678 
675
665
680 
695 
718 
730 
630 
675 
675

120 
315 
365

370 
340 
340 
550
320
310 
305 
360 
390 
410 
430 
440 
419 
455 

1,625

Type of well 
or spring.

Dug...........
.....do......... 
.....do......... 
.....do......... 
.....do......... 
.....do......... 
.....do......... 
.....do......... 
.....do......... 
Drilled........
Cesspool.......

2 drilled.......
3 drilled.......
Dug........... 
Drilled........
Dug...........
Drilled........
.....do.........
Dug...........
Drilled........
Dug...........
.....do.........
Drilled........
.....do......... 
Duganddrillec 
Drilled.. ......
Dug..........

Dug and drilled 
Drilled.......
Dug..........
.....do........

Dug..........
.....do........ 
.....do........

.....do........ 

.....do........ 
3 drilled......

8 drilled......

Dug..........
5 drilled......
2 drilled......
4 drilled......
7 drilled......

4 drilled.......

Drilled........
Dug........... 
Drilled........
3 drilled.......

Depth of 
well.

Feet.

57 
41 
49.8 
40 
35 
73 
51 
65 
63 
75 
30 

9 
8 
5 
7.5
8 
7 

f 150 X 
\ 204 / 

195 
9.6 

168 
13.9 

2,126
1,300

15.9 
60 
38

40 
50 
35 
32 
61
47
31 
70 
30 
32 
24.7 
29 
40

15.6 
34
77

52 
40

43
/Two, 92; 
\three, 36 

45 
45 

100-145

40

86

30 
36-60

Diameter of 
well.

48 inches .......

4byl2feet.....

12 inches
H| inches...... 
5by5feet......

30 by 30 inches.

12inches....... 
/42inches.......

One 8, two 12 
inches.

3 by 3 feet......

Sinches. .......

Geologic horizon.

Vallev fill

....do..............

....do..............

....do....... ....... 

....do..............

....do.............. 

....do..............

....do..............

Valley fill.. ........

....do..............

Valley fill
.....do..............
.....do..............
.....do..............
.....do..............

Vallev fill
.....do..............

Residuum^.. ....... 
.....do..............
Valleyfill. .........

.....do............

.....do..............

.....do..............

.....do..............

.....do.............. 

.....do..............

.....do..............

Valleyfill.........

Fill of minor valley 

.....do.............
Valleyfill..........

Valln-ir fill

.....do..............

.....do..............

Valley fill

.....do..............

.....do..............

.....do..............

Water level.

Below 
surface.

Feet.

36 
20.2 
20 
10

11 
40 

ell. 3 
4 

Dry...

4
4 
5.5
8.8 

10.1

12 
20

5.6

12

6
7

9.5 
7 

16.8 
22

4.5 
30 
10

4
3

38 
4
5 
5 
3

5

7 
6.5
8 

10

Date of measure­ 
ment.

1914.

November. ....

................

November. .... 
Jan. 10, 1915c.. 
November.....

November
....do.......... 

.....do..........
Sept. 26 e...... 
Oct. 25.........

 Oct. 25.........

.................

Nov. 20........
Nov. 19........

Nov. 19........ 
.....do..........

.....do..........

Oct. 25.. .......
Oct. 11.. .......
.....do..........

.....do..........

.....do..........

Oct. 10.........
Oft 14
Oct. 10.........

Oct. 11.........

Oct. 12.........
eOct.14 ........
Oct. 12.. .......

Method of lift, o

Gas. eng. suet. p. .....

W..... ................
Dis. eng. suet, p _ .... 
Gas. eng. suet. p. ..... 
W....... ..............

Gas. eng. suet. p.. ..... 
Gas. eng. cent. p...... 
Gas. eng. cent. p. .....

Stm. eng. ............. 
Stm. eng __ ..........

Gas. eng. cent, p ......

Bucket
Gas. eng., suet. p... ...

Elec.m.cent. p....... 
W.. ...................
Gas. eng., cent. p...... 
Gas en£
Gas. eng., suet. p. . . . . . 

.....do.................
Gas. eng., cent. p..... .

Gas. eng., suet. p..... .

Gas. eng., suet. p. . . . . . 
.....do................. 
.....do.................

W.............. .......

Gas. eng., cent. p..... . 

.....do.................

.....do.................

W....... ..............
Gas. eng., cent. p. . . . . . 

.....do.................

.....do.................

.....do.................

.....do.................

.....do.................

.....do.................
W.. ...................
W.. ...................
W.......... ...........

Yield 
(gallons 

per 
minute).

.........

........

5 
45

""i'eoo"
540

1,000 
1,800

900

10 
e45

Low. 
..........

20

..........

..........

Low. 
55

400

270 
1,800

900
495 
990 
150

900 
400-900 

360

Use of 
water. 6

D; I.'." 

D; I....
I........ 
I........
D.......

D; I.... 
I........ 
D; I....

P. ......
D; I.... 
S........
1. .......
D.......

D. ......
D; I....
Not usec

I........

P; D; I. 
D.......
D; I....

..........

D. ...... 
D.......
D; I....

S. .......
D; I....
D; I.... 

I........
I........

I........
I........
I........
I........

I........
I........
I........
S........
D.......
D.......

Remarks.

Tunnels. 
Two tunnels 4 by 6 feet, 8 feet long. 
180 feet of tunnels, 4 by 6 feet. 
16 feet of tunnels, 5 by 7 feet.

One tunnel 3| by 5| feet, 12 feet long. 
One tunnel 30 feet long.

200 feet of tunne J4 by 6 feet.

60 feet of tunnel 3 by 6 feet.

4 tunnels. 
50 feet of IJ-tach auger holes.

65 feet of 3 by 6 feet tunnel; 500 feet of 
IJ-inch auger holes.

oElec. m.=electric motor; Dis. eng.=distillate engine; Gas. eng.=gasoline engine; Stm. eng.=steam engine; W.=windmill; Bucket=rope and 
bucket: Cent. p.°= centrifugal pump; Suet. p.=suction pump; Hand p.=hand pump; Inc.=incomplete. 

6 D= domestic; 1= irrigation; P=public. 
c For chemical composition and classification of water see corresponding number in Table 57, pp. 260-261.

115536° 19. (Face p. 222.) No. 1.

d For chemical composition of water see corresponding number in Table 59, p. 263.
« See Table 45, p. 209.
/ For chemical composition of water and classification see corresponding number ta Table 58, p. 262.



TABLE 46. Records of all wells and spnngs that were examined in San Diego County, Calif. Continued.

[For additional data see Tables 45,57,58, and 59.]

PI. II.

H 7 
H 8 
H 9 
H 10 
H 11 
H 12 
H 13 
H 14 
H 15 
H 16 
H 17 
H 18 

cH 18 
H 19 
H 20 
I 1 
I 2 
I 3 
I 4 
I 5 
I 6 
I 7

K 2 
cK 3 

K 4 
K 5 
K 6 

cK 7 
cK 8 

K 9 
cK 10 
Kll 
K12 
K13 
K 14 
K15 

e K16 
K17 
K18 
K19 
K20 
E21 
K22 
K23 

/K24 
K25 
K26 
K27 
E28 
K29 

eK30 
eK31 
eK32 
/K33 
cE34 
/K35 
/K36 
«K37 
/K38 

K3!

cK40

/K42 
/K43 
cK44 
«K45 
/K46 
«K47

/K48 
/K49 
/K50

Location.

Nearest post office.

....do......... ...... ....... ......

....do...........................

. ...do.......... .............. ....

....do.... . ..................... -

....do........ ....................

....do...........................

....do...... ......................

... .do..... .................... .-

....do...........................

....do...........................

....do......  ..................
  .do.   ......... ...........  
....do.......... ..................
....do..   ...... ........ ..    

....do.......... ...... ............

....do.........   ..............

....do  .         ....    

.....do..      . . ....   ..
SanDleguitoValley.     ......

.....do..........         

.....do..  ....... ............  

.... .do..... .....................

Poway Valley ..................

.....do..........................

.....do.......... .............. ...

.....do... .......................

.....do..........................

.....do..........................

.... .do.   ............ ......... -

.....do.               . 

.....do.   ........ ..............

.....do.   ..... - ............. ...

.....do....... .   ..     ...... -

. ....do....... .................. .
Ladrillo. .......................

Murphy Canyon. ...............

Old Town.. ....................
.....do..........................
.....do..    ..................
.....do  ................. ......

.... .do..... ........ .............

.....do..........................

.... .do. .................... .....

.. ...do. ......... ................ 

.....do..........................

.... .do...... ....................

.... .do..... .....................

.... .do....... ................ ...

.....do....... ...................

.....do-.    .................

.....do.  ........ ..............

.....do....     .. ........... .

.....do.....  ..................

.....do.......  ................

Pown- 
ship.

Vailed

Range.

s Palmo

Sec­ 
tion.

and gra

Quar­ 
ter.

at......

.... ..do---- ---------------------
dc

......do....   ..................

...... do-------------------------
d

......do..... ....................

.. ....do.... .....................

..   .dn--____-__-._.. ._.-..-_._
<j

......do........ ............ ....

......do  ------ --------------
<3 ft .

. ... do.. ......    -------

. Valle de San Jose land 

......do---- -----------
d

......do.... ...----.-----------
San Fehpe land 
... do
....do.
14 S. 
148. 
148. 
14 S. 
148. 
148. 
14 S. 
14 S, 
14 S. 

LosPe 
14 S. 
14 S. 
14 S. 
14 S. 

LosPe 
Pueblt 
.....do
.....do

do

3 W. 
3 W. 
3 W. 
3 W. 
2 W. 
3 W. 
3 W. 
4 W. 
3 W. 

lasquito 
2 W. 
2 W. 
1 W. 
1 W. 

nasquito 
> lands o:

158. 1 3W. 
158. 2W. 
14 S. 1 2 W. 

Pueblo lands o 
Ex Mission San 
.... .do---------

do

3 
1

11 
11 
12 
21 
21 
25 
19 

slandgr 
22 
15 
17 
17 

slandgr 
San Die

9 
5 

36 
t San Di<

NW. 
SE. 
SE. 
SE. 
NE. 
N. 
N. 
NE 
SW. 

ant .... 
NW. 
SE. 
SW. 
NE. 

ant.... 
go......

NE. 
NE. 

C.
5gO..  

Pueblo lands of San Diego. .... 
.....do .......-------.--------
Ex Mission San 
.....do......... 
Ex Mission San 
Pueblo lands o 
.... .do---------
.....do
.....do
.....do
.....do
.....do
.....do
.....do
.....do 

.....do

.....do

.....do

.....do
do

Diegoiand grant 
f San Diego.....

........ ........

.....do.........................
Pueblo lands and Ex Mission of 

San Diego. 
Ex Mission San Diego land gran

.-...do

Owner or name.

Ferdinand Hauck. ................
W.D. Dukes.. ....................
J. A. Hinshaw..... ....... ........

A. W. Woodward.................
W.E. Wood ward.................

Frank Kelly.......................

.....do.............................
J. W.Row... .     ...... ........

J.M.McGonigle........ ..........

A. A. Ffint.... ...... ..............

San Elijo Oil Co.. .................

.....do. ........................... 
L. Hilcovich...... ................

S.C. Bailey.......................
Peter Bobbie. ....................
S.Tovini.........................
Balboa Oil Co.....................

F. M. Bates.. ........ .............

H. C. Stutmeyer. .................

.....do............................
Alien.............................

Roman Catholic Church Mission. .

Altitude 
above 

sea level.

Feet. 
1,625 
1 590 
1,500
1,580
1,490 
1,490 
1,400 
1,500 
1,500 
1,500
1,500 
1,500 
1,500
1,500 
1,500 
2,798 
2,986
3,095 
2 713
2,430
2,430 
2,430 

275 
580 
260 
300 
555 
145 
140 

18 
50 

227 
415 
420 
560 
570 
350 

50 
50 
65 

125 
150 
575 
975 
190 
310 
455 
478 
395 
395 
400 
150 
94 
10 
11.2
54 
15 
18 
20 
25 
28

30

26
24 
60 
24 
45 
44 
45

54 
60 
60

Type of well 
or spring.

Dug...........
.....do.........
.....do.........
.....do.........
3 drilled.......
4 drilled.......
Dug........... 
Drilled.. ......
.....do.-.....-
.....do........
Dug.... .......
Drilled........
.... .do.. ......
4 drilled.......

Drilled........

Dug.. .........

.....do......... 

.....do.. ...... 
Drilled........
Dug........... 
Drffled........

Dug  .......
. ....do. ....... 
.....do........ 
.....do........ 
Drilled........
Drilled........
.....do........
Dug...........

.....do........ 
Drilled........
.....do........
Dug...........
.....do........ 
.....do........

Drilled........

Drilled........
.....do........ 
Dug...........
.....do........
.....do........
.....do........ 
.....do........ 
5 drilled......
Drilled........
Dug...........
6 drilled......
Drilled........
.....do........ 

Drilled........
Dug...........

3 drilled......
6drilled......
Dug...........
13 drilled.....

Dug........... 
5 drilled ......
Dug and 

druled.

Depth of 
well.

Feet.

45 
28.7 
12.7 

34-36 
34-38 

13.9

35 
30.6

75 
73.8 

40-100 
41.6
9 
9
8 
7

200 
2 

22.5 
19.9 
24 
36.4 
40 
9 

13.8

13.6 
32.4 
66 
63 

800 
1 400
I'ooo

12.4
7 Q

19.9 
300 

1,050

9.3 
6.7

1,000

200 
620 
24

8 
60.5 
10.4 

62-78 
5,000+

25.3 
55
77 

1,000

80

50 
42 
16.8 

45-90

11.3 
37-40 

15.5

Diameter of 
well.

8 inches. . ......

8 inches ........

3by3feet......
6.5 inches.......

48 inches .......

3 by 3 feet......

4by 4feet   ..

6 inches ........

.....do.........
15 inches...... -I

6 by 6 feet......
6inches.. ...... 
10 by 16 feet  .

Geologic horizon.

.....do... .. ......

.....do..............
Valley fill..........

Residuum granite. . 
Valley fill residuum

Tertiary sediments. 
Valley fill..........

Valley fill.   ......

.....do..............

.....do....... .......

Valley fill..........

.. do..............

Valley fill..........

.....do.............

Valley fill.. ........
.....do............. 
.....do....... ......

Tertiary...........

.....do............. 
Valley fill..........
.....do.............
.....do.............

Valley fill.. ........
.....do.............

Valley fill.. ........

.....do.............

....do..............

Valley fill.. ........ 
.....do.............

Valley fill.. ........

.....do... . .........

.....do.............

.....do.............

.....do............. 

.....do.............

Water level.

Below 
surface.

Feet. 
14 
9 

15.5 
10 

....   .

10.9

6.5 
9.4

10
8.5

22.7

1 
12.5 
8.8 
2 

33.1 
7.6
7.8

17.4

8.9 
27.7 
17

9.5 
3.6 
4.4

Dry.

0 
4.5 
4.0

Dry.
""k's

06.9 
046.9 
010

Flows. 
13.6

IFIOWS.
/ 5.9
I 8
>

06

010 
5

9.1

Date of measure­ 
ment.

1914.

Nov. 22......  
Nov. 23.. .......
.....do..........
"Nov".22""    

Nov.23. .......

Nov.24. .......
.....do.........
.....do..........
.....do..........

Nov. 24. ...... .

Oct. 25.........
.....do..........
.... .do...    . 

"6ctY25     
.....do..........

.....do..........

.................

Oct. 24......... 
.....do.....   .
.....do.........

Oct. 24.. .......
.....do.........

"6"ctY22.'"    

Oct. 1..........
Sept. 29........

Oct. 21.........

Mar. 6, 1918. . . . 
September,1914.

October........ 

Oct. 22. ........

Method of lift.*

W.....................

Gas. eng., cent. p......

No pump.. '..... .......

W..... ................

Gas. eng.. cent, p...... 
W.......... ...........
W............... ......
W..... ................
w..... ................

w............ .........
Gas. eng., suet. p...... 
Gas. eng., cent. p..... .

W....................
W. ...................

W...... ..............
w. ................... 
w.. ..................

Gas. eng., suet. p. .... 
Elec. m.. cent, p ...... 
w............:.  ...
Hand p.,W. .........
W.... ................
W.. ..................
Elec. m., cent, p ......

Gas. eng., cent. p.....

Gas. eng., cent, p ......

W... .................
W....... .............

W. ...................
Elec. m., cent. p. ..... 

W...... ..............
Gas. eng., cent. p. ....

Yield 
(gallons 

per 
minute).

180

630 
585

9
7

36 
32

..........

Low.

90

13
----------

w

..........

360

..........

" " " "seo"

614

1,350

3,500

..........

Use of 
water 6

D'... ".'.'.'.

D. ......
D; I..... 
D  ".'.'.'.

!>'..'.'.'."

D; lY  
I...   ..

D. ......

D.......
D.......
D........
D.......

D. ......
P........ 
D.; I....

D.......
D.......
D.......

S........
S........

'

D. I.... 
I........ 
D. I.....
D. I.....
I.........

I..'.......

S........ 
I........

I......... 

I........

D.'. ......
I........
I........
S........
P..   

I..'...... 
I........

Remarks.

210 feet of 2-inch auger holes

210 feet of 4 by 6 foot tunnels. 
130 feet of 4 by 6 foot tunnels.

Flows 72 gallons per minute.

a Elec. m.=electric motor; Dis. eng.=distillate engine; Gas eng. gasoline engine; Stm. eng. steam engine; W.=windmill; Bucket=rope 
and bucket; Cent.p. = centrifugal pump; Suet.p. = suction pump; Hand p. =handpump; Inc. = incomplete. 

6 D   domestic; I   irrigation: P   public. 
c For chemical composition and classification of water see corresponding number in Table 57, pp. 260-261.

115536° 19. (Face p.222.) No. 2.

d For chemical composition and classification of water see corresponding number in Table 58, p. 262.
' Adequate.
/ For chemical composition of water see corresponding number in Table 59, p. 263.
e See Table 45, p. 209.



TABLE 46. Records of all wells and springs that were examined in San Diego County, Calif. Continued.

[For additional data see Tables 45,57, 58 and 59.]

] T o. on - 
""I. II.

-K51 
  K52 

K53 
K54 
LI 
L2 

«L3 
L4 

« L5

 L7 
cL8 
«L9

«L12 
«L13

*L16 
L17 
L18 
L19 

«L20 
L21 
L22 

«L23 
«L24 

L25 
L26

L28 
L29 
L30 

«L31

L32 
L33 

0L34

«L35 
L36 
L37

cL38
cL39 
«L40 
cL41 
«L42 

L43 
L44 
L45 
L46 
L47 
01
Ol
O2 

e g O 3 
O4 
05 
O6 
O7 
08 
O9 

OIO 
Oil 
O12 
O12 
012 
O13 

«O14 
015 

 O16 
«O17 
«O18

Location.

Nearest post office.

....do...........................

....do...........................

....do...........................

....do...........................

....do...........................
Santee.. ......................... 
....do...........................

....do...........................

...Ao.. .........................

.... do......... ..................

....do..........................

....do...........................

....do..........................
.....do..........................
.....do..........................
.....do..........................
.....do..........................
.....do..........................
.....do..........................
.....do..........................
.....do..........................

.....do..........................

.....do..........................

.....do..........................

.....do..........................

.....do..........................

.....do..........................

.....do..........................

.....do..........................

.....do..........................
Ddhesa. ........................
.....do..........................
.....do..........................

.....do..........................

.....do..........................

.....do..........................

.....do..........................

.....do.......................... 

.....do..........................

.....do..........................

.....do..........................

.....do..........................

.....do..........................

.....do..........................

.....do.. .................. ......

.....do..........................

.....do..........................

.....do..........................

.....do..........................

.....do..........................

.....do..........................

.....do..........................

.....do..........................

Town- RaT1M Sec- Quar- 
ship. KanSe- tion. ter.

Ex Mission San Diego land grant

....do..........................

....do..........................
14 S. 1 IE.) 28 | NW. 
San Vicente land grant .........

15 S. | IE. 4 SW.

....do..........................

....do..........................

....do.......................... 

....do..........................

....do..........................

....do.......................... 

....do..........................

....do..........................
.....do..........................
.....do..........................
.....do..........................
.....do..........................
.....do.........................
.....do.........................
.....do.........................
.....do.........................
.....do.........................
.....do.........................
.....do.........................
.....do.........................
.....do.........................

.....do.........................

.....do.........................

.....do.........................

.....do.........................

.....do.........................

.....do.........................

.....do.........................

.....do.........................

.....do.........................

.....do.........................
168. IE. 16 NW.
16 S. IE. 14 SW. 
16 S. IE. 14 SW. 
168. IE. 21 SW.

.....do.........................

.....do.........................

.....do.........................
City of San Diego.. ............ 
 RT Wwrinn flan Difign

.....do.........................

.....do......................... 

.....do.........................

.....do.........................

.....do.........................

.....do.........................

.....do.........................

.....do.........................

.....do.........................

.....do.........................

.....do.........................

.....do.........................

.....do.........................

.....do.........................

.....do.........................

.....do.........................

Owner or name.

W.H.Jones...................... 
H. L.Weston.....................

G. E. P. Pbllbrook.... ............

J. W. Fodders  ..................
E. W. Scripp...................... 
W.H.Dupee........ .............

James Ballantine... ..............
Dr. H.W. Learn..................

.....do.............................

G.H. Riddle... ..................

Joseph Miller   ..................

W.B.Hall.......................

Morris Ginn.. ....................
J. D. Hall........................

Chas. Bentley.. ..................

.....do...........................

M.C. Alien... ...................

....do............................

Hawley ..........................

Wm. McLain....................
R.S. Otto.. .....................
L.H.Arnold....................
S. F. LaMond........ ............
Y.M.C. A.. .....................
/Wilkes James...................

Woodworth. . ....................
B. G. Estes...................... 
Turner. ..........................

.....do...........................
Robert Dicks....................
San Diego Home Builders Assoc. .

C. B. Stem......................

Albright..... ....................

L. Wiese.........................

G. G. Kimball. ..................

L.C.Kincaid. ...................

Altitude 
above 

sea level.

Feet. 
72.6 
72 

420 
600 

1,525 
1,370 

445 
975 412 ' 
420 
438 
495 
325 
350

354 
370 
370 
380 
395 
410 
380 
385 
400 
400 
420 
425 
420 
435 
440 
525 
446

465 
465 
500 
525

485 
485 
490

465 
470 
495
450
500 
501 
106 
387 
385 
395 
435 
430 
415 

75 
150 
150 
150 
175 
175 
175 
200 
250 
400 
270 
50 
75 
95 
90 
80 
55 

100 
125 
65 

170 
89

Type of well 
or spring.

Dugand drilled 
....do......... 
....do......... 
Spring ........
Dug...........
....do  ...... 
5 drilled.......
Spring........
Dug..  ......
6 drilled. ......
37 driven......

15 drilled......
9 drilled.......

Dug...........
3 drilled.......
8 drilled.......
4 drilled.......
6 drilled.......
Dug...........
.....do......... 
.....do......... 
.....do  ......
2dug  .......
Dug  .......
.....do........ 
.....do........ 
.....do........ 
.....do........

Dug..........

.....do........ 

.....do........ 

.....do........

.....do.......

.....do.......

.....do....... 

.....do.......

.....do.......

.....do.......

4 drilled.....
2 drilled...... 
Dug... ....... 
3 drilled......
Dug..........

2 drilled...... 
Drilled.......
2 drilled......
Drilled.......
.....do.......
.....do.......
.....do....... 
Dug..........
.....do........

Drilled.......

Dug..........

Dug..........

Drilled.......
Dug..........

Dugand drilled 
Drilled.......
Dug......... 
Drilled.......
Dug..........

)epth of 
well.

Feet. 
19 
7

74

14 
39 
95

19 
80-85 

70 
26 

26-30 
40-70

20 
60-80

75 
48-83

40 
30 
60

45 
23.6 
30 
50 

258

50

28.4 
2.8 

41 
49

21.2 
50 
68.5

30
28

45
50 
21.2 

28-34 
11 
26.5 
76 
78 
77 
78 

200 
248\ 
184/ 
158 
178 
155 
320+ 

80 
203 
375 

24

70 
104 
260 
70 
60 

104

61 
210 
12.7

Diameter of 
well.

14feet... .......
4 by 4 feet......

6-8 inches, 3-12 
inches. 

60inches.......

12 inches....... 
do ......
do .....-,

90inches......

72 inches......

/Three 7 inches, 
\One6inches...

72 inches......

96 inches......

Geologic horizon.

Valley fill.. ........ 
....do..............

Valley fill..........

Valley fill..........

.....do..............

.....do  ...........

.....do  ...........

.....do  ...........

Valley fill.......... 
.....do.............. 
.....do  ...........
.....do  ...........

.....do..............

.....do..............
"Marl"............

Valley fill, residuum

.....do  ...........

.....do.............

Residuum........

jvalleyfill.........
.....do............
Residuum........
Valley fill.........
.....do............

Valley fill.........

.....do.............

.....do............

.....do.............

.....do.............

.....do............. 

.....do.............

.....do.............

.....do.............

VallAT7 fill

.....do.............

Tertiary

Vallev fill.. ........

Water level.

Below 
surface.

Feet. 
S13.2 

4 
25

10

14

(1 11. 8

d5

5

S18.9

15

18.5 
16 
10 
14.5

10

15.9 
15.4 
19.8 
20

12.3

11.3 

20.2

1-3

a 17
<*6.4

49

7

118

155.5

40 
114

10

60
58

62

49 
100

Date of measure­ 
ment.

1914. 
Oct. 22. ........ 
....do  .......

Oct.27.........

Oct.6.......... 
Oct.27.........
Oct. 13.........

Sept. 22........

Oct. 22.........

Oct. 13.........

October. .......
June 22, 1916..

Apr. 15, 1915..

1914 
Nov.24.......
Nov.24.......
.....do......... 
April, 1915....

1914. 
Nov.24.......

April, 1915....

1914. 
Nov.24.......

Oct. 7.........
Oct.6.........
.....do........

Oct. 7.........

Oct. 5.........

Oct.6.........

Oct. 8.........
.....do........

Oct. 8..........

Oct. 28........ 
Oct. 5. ........
.....do........

Method of lift, a

Elec. m., cent, p ...... 
Flowing...............
Gas. eng., cent, p ...... 
.....do..  ............
Elec. m., cent. p..... -

Gas. eng., cent. p......

w.......... ...........
Elec. m., cent, p ...... 
Gas. eng., cent, p ......

.....do  ....... ......
W  .................

W  .................

W....... ..............
Elec. m., cent. p.....

Gas. eng., cent, p   .

W...... ..............
Gas. eng., suet. p..... 
Gas eng., suet. p.....

Elec. m., suet. p.....

Gas eng., cent. p..... 
.....do...............

Elec. m., cent, p ..... 
Bucket...............
W. ..................
Elec. m., cent. p.....

.....do...............
:... do... ............
Elec. m., hand p .....

Dis. eng., suet. p.....

w.. .................

W.. .................

Gas. eng. , suet. p. . . . . .

Gas. eng.. cent. p. . . . .

Yield 
(gallons 

per 
minute).

2

45 
1,600

/360 
675 

1,800

850 
1,300

300 
2,250 

1,125-1,260 
1,230-1,350

30

180

90 
161

160

""""96

45
45 
78

900
270

720

225 
900 
540 
180 

45
270

50 
........

1

36

70

240

Use of 
water, b

I........
I........
Not used 
D.......
D.......
I........

Not used

I........D'.. ."."!;;
i........i........
i.'.......i........ 
D-I!!:;;
D.......
D.......

i........
D......i.......i.......
Not used

P......

D......
D......
D......

D.......
D.......

*

I........
I........
D.......

D...V.V.
D.......

D.:.....
D '...".".".". 

D. ......

D. ......
D.......
D.......
S.. ......

D. ......
Not used 
D. ......
Not used 
D. ......

B!.i"""
I........

Remarks.

Flows 2 gallons a minute. 

250 feet of 4 by 6 feet tunnels. 

Flows 2 gallons a minute.

Wells connected.

Four 2-inch laterals, 276 feet total length. 
2-inch diameter, 540 feet total length.

Three 2-inch auger holes. 
400 feet of li-inch holes.

80 feet. 

4 tunnels, 6 by 6 feet.

a Elec. m. electric motor; Dis. eng.=distillate engine; Gas eng. gasoline engine; Stm. eng.=steam engine; W.= 
Bucket=rope and bucket; Cent. p.«centrifugal pump; Suet. p. suction pump; Hand p. hand pump; Inc. 

b D domestic; I irrigation; P=public. 
e For chemical composition of water see corresponding number in Table 59, p. 263.

115536° 19. (Face p. 222.) No. 3.

'Windmill; 
 incomplete.

a See Table 45. p. 209.
e For chemical composition and classification of water see corresponding number in Table 57, pp. 260-261.
f. Statement of C. S. Alverson.
ff For chemical composition and classification of water see corresponding number in Table 58, p. 262.
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[For additional data see Tables 45, 57, 58, and 59.]

No. on 
PL II.

cO19 
dO20 
c021 
cO22 

O23

024 
O25 
026

O27 
<JO28 
tfO29 
tf O30 
«I031 
<JO32 

O33 
«O34

O35a 
<JO36 
cO37

dO38 
038a

<JO39 
O39a 

<JO40 
cO41 
tf O42

cO43 
c O 44 

O45 
a O 4ft 
cO47 

O47a 
a O48

048a 
a O49

049a 
a O50 

050a 
cO51 
cO52

O52a

 053 
O53

c O54 
cO55 
c O56 
cO57 

058 
(JO 59 

O60 
/060a

<JO61 
O62 
O63

e P 2 
P3 
P3 
P4 
P5 
P6 
P7 
P8 
P9 

P10

Location.

Nearest post office.

....do...........................

....do..........................
Chula Vista...-. ................

....do...........................

....do...........................

....do...........................

....do...........................

.....do...........................

.....do...........................
....do...........................

.....do...........................

.....do...........................

.....do...........................

.....do...........................

.....do...........................

.....do...........................

. ....do.. ........................ -

.....do...........................

.....do...........................

.....do...........................

.....do..........................

.....do..........................

.....do...........................

.....do..........................

.....do..........................

.....do.........................

.....do..........................

.....do..........................
....do..........................

.. ...do.. ....................... -

Tia Juana Valley... ........... .

.....do..........................

.....do...---   ...   ..-..... 

.....do..........................

.....do... .......................

.....do... .......................

.....do......           ... 

Town- 
Ship.

La Nat 
do

Range.

on land

Sec­ 
tion.

grant...

Quar­ 
ter.

........

....do..........................

....do..........................

....do..........................

.....do..........................

.....do..........................

.....do..........................

.....do..---.-....--.-..--..----.
Peninsi 
LaNac 

do

ila
ion land grant...........

.....do..........................

.....do. -------------------------
18 S. 
188. 
18 8. 
18 S. 
18 S. 
18 S.

18 8. 
188.

18 8. 
18 8. 
18 S. 
18 8. 
18 8.

18 S. 
19 S. 
18 8. 
18 S. 
18 S. 
18 8. 
18 S.

188. 
188.

188. 
18 S. 
18 S. 
198. 
19 S.

198.

188. 
188.

19 S. 
19 S. 
188. 
198. 
198. 
198. 
198. 
198.

198. 
188. 
19 S. 

Jamacl 
168. 
178. 
178. 
178. 

Jamul 
.....do

17 S. 
188. 
188. 
198.

2 W. 
2 W. 
2 W. 
2 W. 
2 W. 
2 W.

2 W.
2 W.

2 W.
2 W. 
2 W. 
2 W. 
2 W.

1 W. 
1 W. 
1 W. 
2 W. 
2 W. 
2 W. 
2W.

2W.
aw.
2 W.
aw.
2W. 
2W. 
2W.

2W.

2W. 
2W.

2W. 
2 W. 
2W. 
2 W. 
2 W. 
2W. 
2W. 
2W.

IW. 
1 W. 
2W. 

olandg 
IE. 
IE. 
IE. 
IE. 

andgraj

IW. 
1 W. 
IW. 
IW.

16 
22 
22 
22 
21 
21

22 
22

23 
23 
23 
23 
23

19
20 
30 
28 
29 
29 
34

27 
33

33 
32 
32 

5
4

4

33 
33

4 
4 

34 
2 
1 
1 
1 
1

6 
31 

9 
rant. 

31 
4

, iit.
34 
27 
35 

1

SE.
NW. 
NW. 
NW. 
SW.
NE.

SW. 
SW.

NW. 
NW. 
NW.
NW. 
E.J

NW. 
SE. 
NE. 
NE. 
SE. 
SE. 

NW.

SW.
NE.

NW.
SE. 
SE. 
SE.
NW.

NW.

SW. 
SE.

NW.
SE. 
SE. 

NW.
NW. 
NE. 
SE. 
SE.

NW. 
NW. 
NW.

NE. 
SE. 
SE.
NE.

SW.
S. 

SW.
NW.

Owner or name.

B. L. Elliott.. ....................

R.C. Alien..... ..................

Chula Vista Oil Co.. ..............

.....do............................

.....do............................

.....do............................

.....do............................

F.M.WInship.... ................
Montgomery. .....................

G.M. Keener.. ...................

H. Eumellen.. . ................... 
.....do............................

Fenton, Sumption & Barnes Co... 

W. F.Clark.......................
W.B. Toner......................
W. F.Clark.......................
W.V. Toner......................
W. E. Spicer......................

Sweetwater Land Co. .............
Otay Oil Co.. ...... ...............
G. M. Kimball.... ................

J.L. Cassidy......................

H. Peary.........................

N.J.Peary.......................

C. M. Richardson, Max Mayor. ....

W. Todd... .......................

J V T*Q "tra.n

Tia Juana Valley Oil Co. ..........

Murphy...........................

.....do............................

Altitude 
above 

sea level.

Feet. 
20 
28 
58 
64 

150

150 
150 
150

135 
10 
61 
65 
60 
55 
50 
53 
22.6 
23 
11 
13

23 
23

55 
41 
55 
41 
57

96 
152 
275 
41.6 
24 
21 
33

50 
35

23 
9.8 

10 
10 
20

18

25 
25

25 
24 
30 
35 
50 
56 
60

58 
375 

70 
320 
363 
900 
900 

1,000 
800 
800 
510 
500 
490 
500

Type of well 
or spring.

Five drilled... 
Dug  ........
......do........ 
Drilled........
.....do........

.....do........ 

.....do........ 

.....do........

.....do........
Dug..........
.....do........ 
.....do........
.....do........ 
.....do........

Dug..-....--.
.....do........ 
Drilled........
Dug and drilled 
Dug..........

Dug and drilled 
Drilled........

.....do......... 

.....do........ 
Dug..........
.....do........ 
Drilled........

Dug..........
.....do........
Drilled........
Dug and drilled 
.....do........ 
Drilled........
Dug..........

Drilled........
Dug and 

driued. 
5 drilled.......
Drilled........
3 drilled.......
8 drilled.......
4 drilled.......

5 drilled.......

2 drilled......
3 drilled. ......

Drilled........
Dug...........
Drilled........
5 drilled.......

.....do........ 

.....do........ 
Drilled........

.....do........ 

.....do........

18 drilled......
Dug...........
.....do........

Dug..........
.....do........ 
.....do........
.....do........ 
Drilled........
.....do........ 
.....do........

Depth of 
well.

Feet. 
37-60 

9.5 
12.2 

900 
678

582 
1,812 

660

643 
4.3 

52

66.6 
64 

180

32 
114 

23 
33.7

100 
198

90 
123 
51.5 
25 

625

16

34.5 
68 
63 
28. 8

57 
50

35 
98 

85-99 
73-91 

78 
Four 84 

feet ; 
one 125 
feet. 

38 
/Two 62; 
\ one 73.

73 
12.9 
68 

58-60

Shallow. 
...do.... 

18

27 
3,500+ 
1,405+

38 
37.8 
13

32 
26.5

29.7 
700 
310 
280

Diameter of 
well.

6inches.. ......

3by3feet......

4 by 5 feet...... 
4by4feet......

48 inches....... 
6by 6feet......

60inches.......
.....do......... 
12 inches....... 
82inohes.......
21 feet for 20 

feet; 14.4 feet 
for 13.7 feet.

.....do......... 

.....do.........

60 inches.......

6 by 10 feet...-.
12 inches ....... 

12inches........

.....do.........

.....do......... 

.....do.........
Four 10 inches.. 

One 12 inches...

Two 10 inches.. 
One 12 inches...

.....do.........

12inches.......

12 inches...... .

4 bv 4 feet'

Geologic horizon.

Valleyfill..........

.....do.............
Tertiary or older . . .

.....do.............

.....do.............

.....do.............

.....do.............
Sandbar........... 
Tertiary...........

. ....do... ..........

.....do............. 

.....do.............

Pleistocene......... 
Tertiary............
.....do............. 
Valleyfill..........
.....do............. 

.....do....... ......
Tertiary...........

.....do.............

.....do............. 

.....do.............
Valleyfill..........
.....do..... v.......

.....do.............

.....do.............

.....do............. 

.....do.............

.....do........--..- 

.....do.............

.....do.............
Valleyfill..........

.....do........--..- 

.....do.............

L... do.. ...........

Valley fill, Tertiary . 
V Valley fill..........

Valleyfill, Tertiary. 
Valleyfill..........
.....do.............
.....do.............
.....do.............
.....do.............
.....do.............
.....do.............

.....do.............
Tertiary...........

Valleyfill..........

Residuum .........

Tertiary......--.-.
.....do.............
.....do.............
.....do.............

Water level.

Below 
surface.

Feet.
5 

«8.8
«3.5 

Flows.

1.1

58.8 
52

«50.5 
19 
16

19.8

«35.4 
14 

«36.9
14.2

«15.7 

6.5

«35 
«22.2 

18.1 
«26.7

«5.5

........

9

"""s"

5.6

""32""

10 
0 

23.5 
23 
20 
22.5

Date of measure­ 
ment.

1914. 
Oct. 8.. ........ 
Oct. 29.........
Oct. 14.........

Sept. 25........ 
Oct.9..........

Oct. 8.......... 
.....do.........

Oct. 2. ......... 
Oct.9..........
.....do.........

Oct.9.......... 
Oct. 10.........

Oct. 2.......... 
Oct. 30.........
.....do.........
.....do.........
Oct. 2.. ........ 

1911 
Dec. 5... .......

Oct. 30.. ....... 
Sept. 25........
.....do......... 
Oet.S..-   ....

Sept. 25........

.................

Oct. 11.........

"oct/ii!! !."!""!

Mar. 15, 1918. . .

1914. 
Oct. 12.........

"oct"."?!"  ""

Oct. 28......... 
.....do.........
.....do.........

Method of lift.a

Gas. eng., cent. p. .....

W. ...................
Mows.................

W.... ................ 
W. ...................
W. ...................
w. ................... 
w. ...................
w. ..:................ w. ...................
Gas. eng., cent. p...... 
W. ...................
Elec. m., cent. p. .....

Gas. eng., cent. p. _ .. 
Elec. m., cent. p..... .

Gas. eng., suet. p.... . .

W. ...................
W....... .............

Gas. eng., cent. p... . . . 
.....do................

Elec. m., cent. p..... .

Gas. eng., cent. p..... . 
Gas. eng., suet, p., 

hand p. 
Gas. eng., cent. p.....

.....do................

.....do................

.....do................
Elec. m.,cent. p......

.....do................

.....do................

Gas. eng., cent. p. .....w. ...................
Elee. m., cent. p. .....

W. ...................

>Gas. eng., cent, p.; W.

Elec. m., cent. p. .....w. ....................

w. ...................
W. ...................

w. ...................

Yield 
(gallons 

per 
minute).

585

..........

..........

..........

..........

150

225-300 
400

90-100 
80

56

"""372" 

100

225

900

900 
2,700

700

450 
900

..........

2,000

6

1 2
p.d.450

Use of
water.6

I........

D. ......
"(Test-" 

hole.)

(Test- 
hole.) 

...do.....
"b" "."."."
D. ......
D....... 
D.......

D!. .".".".."

P.'...... 

I........
Washing 
gravel.
I. '...".".".".

D. ......
I........
I........

I; D.... 
I........

1. 1./.".".!
D' I ."."."."

I.'...'.'.".

I........
I........
I........
I........ 
I........

I........

I; D.... 
I........

I........
D . a
I........ 
I........
D. ......
D. ......
I; D....

I; D....

I........

D'.......
Bottled.. 
D. ...... 
S........
Not used. 
S. ......
P.......
D; S....
D. ......

Remarks

Flows 80 to 100 gallons a rfinute.

o Eiec. m.-=electric motor; Dis.eng.=disiniate engine; uas. eng.=gasoune engine; fcstm.eng.=steam engine; "W  windmUl; BucKet  rope ana DueKet; <* For chemical composition and classification of water, see corresponding number in Table 57, pp.260-26" , 
Cent. p.=centrifugal pump; Suet. p.=suction pump; Hand p.=hand pump; Inc.  incomplete. e See Table 45, p. 209. 

b D=domestic; I=irrigation; P=pubfic. / For chemical composition and classification of water see corresponding number in Table 58, p. 262. 
c For chemical composition of water, see corresponding number in Table 59, p. 263.

115536°  19. (Face p. 222.) No. 4
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method described by M. O. Leighton in Water-Supply Paper 151 (pp. 
45-47); and hardness was determined by the soap method described 
in the report on standard methods for the examination of wrter and 
sewage, third edition (pp. 31-34), published by the American Public 
Health Association, New York city.

"Sodium and potassium (Na + K)" was computed according to 
the formula on page 235.

"Total solids" was computed according to the formula at the bot­ 
tom of page 228; in'applying this formula 34 was used as tl °- quan­ 
tity of silica, the average content of silica determined by analysis in 
50 ground waters of San Diego County being 34 parts per million.

The quantities of scale-forming and foaming constituents hrve been 
computed according to formulas 1 and 3, respectively, page 243.

The alkali coefficient has been computed according to the same 
formula as was used for analyses (p. 234).

The probability of corrosion is based on a computation nade by 
applying thef ormulaf or assays given in the first paragraph on page 244.

The following discussion of the general quality of water was written 
by R.B. Dole and is reprinted from "Ground water in San Joaquin 
Valley, Calif.," by W. C. Mendenhall, R. B. Dole, and Herman. 
Stabler (Water-Supply Paper 398), but matter irrelevant to western 
San Diego County has been omitted.

STANDARDS FOB, CLASSIFICATION.

MINERAL CONSTITUENTS OF WATER,.

All natural waters contain dissolved or suspended materials with 
which they have come into contact. They take up such materials 
in amoun.ts determined principally by the chemical composition and 
physical structure of the substances, by the temperature, pressure, 
and duration of-their contact, and by the condition of substances 
that they have previously incorporated. For purposes of examina­ 
tion the substances that may be present in natural waters are classified 
as suspended matter, such as particles of clay or leaves; d^solved 
matter, either of mineral or organic origin; microscopic animals or 
plants; and bacteria. The presence of very small animals and plants 
likely to affect the quality of water is determined by microscopic 
examination, and the chance of contracting disease by drinking the 
water is ascertained by bacteriologic processes. The amount and 
nature of the mineral ingredients are most commonly determined by 
estimating the total suspended matter, total dissolved matter, total 
hardness, total^lkalinity, silica, iron, aluminum, calcium, magnesium, 
sodium, potassium, carbonate, bicarbonate, sulphate, nitrate, chloride, 
free carbonic acid, and free hydrogen sulphide, these being the ma­ 
terials most commonly present and most likely to affect tin value 
of the waters.
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WATER FOB DOMESTIC USE. 

PHYSICAL QUALITIES.

Entirely acceptable domestic supplies are free from suspended 
matter, color, odor, and taste and are fairly cool when they reach the 
consumer. The more nearly waters fulfill these conditions the more 
satisfactory they are for general use. Suspended mineral matter 
clogs pipes, valves, and faucets, and growths of rricroscopic plants 
suspended in water frequently cause odors and stains. The outlets 
of some artesian wells are surrounded by growths of microscopic 
organisms, which form tufts or layers in pipes and well casings and 
sometimes clog them. So far as known, such growths do not cause 
disease, but they often impart unpleasant odors that make the water 
objectionable. True color is usually due to dissolved vegetable mat­ 
ter and causes serious objection only when it exceeds 20 to 30 parts 
per million.

BACTERIOLOGICAL QUALITIES.

Before a water is used for domestic purposes there should be 
reasonable certainty that it is free from disease-1 taring organisms 
and that it can be guarded against all chances of infection. The dis­ 
ease germs most commonly carried by water are those of typhoid 
fever. The bacilli enter the supply from some spot infected by the dis­ 
charges of a person sick with this disease, and, though comparatively 
short-lived in water, they persist in fecal depositr and retain their 
power of infection for remarkable lengths of timo. Consequently, 
water from lakes and streams draining from population centers or 
from irrigated fields should not be used for drinking without purifica­ 
tion. Wells should be so located as to be guarded against the en­ 
trance of filth of any kind, either over the top or by infiltration. 
Pumps and piping in the system should also be protected. Water 
from a carefully cased well more than 20 or 30 feet deep is acceptable 
if the well is located at a reasonable distance from privies, cesspools, 
and other sources of pollution. Many open dug v^ells and pits con­ 
structed as reservoirs around the tops of casings are exposed to fecal 
contamination from above or through cracks in poorly built side 
walls. Care should be taken that the casings of deep wells do not 
become leaky near the surface of the ground so as to allow pollution to 
enter. As a matter of ordinary precaution the ground should be kept 
clean and water should not be allowed to become foul or stagnant 
near any well, no matter how deep. If shallow dug wells are neces­ 
sary, they should be constructed with water-tight walls extending as 
far as practicable into the well and also a short disten.ce above ground. 
The floor or curbing should be water-tight, and pumps should be used 
in preference to buckets for raising the water. Every possible pre­ 
caution should be taken to prevent feet scraping? and:similar dirt
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from getting into the well. Ground water is not only Iefe6< liteafy' to 
become coatanoinated when protected from surface w.ssJiNi^ ; 
and light, but ifc keeps better and is less likely to develop
plants that givje it an unpleasant taste. :

1   ~
. CHEMICAL QUALITIES.

The amounts of dissolved substances' permissible in 
supply depend much on their nature. No more than traces of 
barium, copper, zinc, or lead should be present, because tl ^se sub­ 
stances are poisonous; however, their occurrence in m^*gsttfable 
amounts in ordinary waters is so rare that tests f or them are not 
usually made* Any constituent present in sufficient amount to be 
clearly perceptible to the taste is objectionable. Water containing 2 
parts per million of iron is unpalatable to many people arid may 
cause ttouble by discoloring washbowls and tubs and by pn>ducing 
rusty stains on clothes. Tea and coffee can not be made satisf actor%> 
with water containing much iron because a black inky edmwand. fe 
formed. Four or five parts o| hydrogen -sulphide makes a water 
unpleasant to the taste, and this gas is objectionable also because it 
corrodes well strainers and other metal fittings. The amounts of 
silica and aluininum ordinarily present in well waters have riT special 
significance in relation to domestic supply.

Approximately 250 parts of chloride makes a water "sal^y," and 
less, than that amount causes corrosion. Where' th© chloride con­ 
tent runs as low as 5 or 10 parts in normal waters unaffected by 
animal pollution, the amount of chloride is frequently tahen as a 
measure of contamination. But the establishment of feoehlors, or 
lines of equal chloride, would be of little sanitary value, because 
many of the ground waters dissolve so much chloride from the silt 
that the smalj changes caused by animal pollution are completely 
masked.

Calcium and magnesium are the chief causes of what is known as 
the hardness of water. This undesirable quality is indicated by in­ 
creased soap consumption and by deposition on kettles of scale com­ 
posed almost entirely of calcium, magnesium, carbonate, and g«l- 
phate. Calcium and magnesium, forming with soap^insokil^ettrdy. 
compounds that have no cleansing value, prevent the formation of a 
lather until these two basic radicles have beea precipitated. Hard* 
ness is commonly' measnimbby thesoap-consnmmg capacity o* a water 
expressed as an equivalent of calcium carbonate (CaC08 >, al*d if>«an 
be '.determined by- -actual testing with a standard solution of soap or 
can-be computed fma the amounts of calcium (Ca) and 
(Mg) by m®&m of tttei jfelfcrtring formula :

Total hardness as Ca O3 == 2.S .Ca + 4. 1 Mg. 
115636°  19  WSP 446^    15 , ,
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If, as Whipple states,1 1 pound of ordinary soap would soften only 
about 24 gallons of water having a total hardness of 200 parts per 
million, it can readily be seen that the hardness of water is of intimate 
concern. Soda ash (sodium carbonate) is used to "break" or soften 
hard water in order to save soap. Some large cities in other States 
have found it advisable to soften their public supplies instead of 
leaving that task to the individual consumer.

MINERAL MATTER, AND POTABILITY.

The lower waters are in mineral content the more acceptable they 
are as sources of supply, yet the amount of dissolved substances that 
can be tolerated in drinking water is much greater than that allowable 
in city supplies, for which hardness, corrosion, pips clogging, and 
general utility have to be considered. Though tl ^re are certain 
limits above which the common ingredients are intolerable, these 
limits are not only difficult to ascertain but are also likely to shift. 
A normal water is not a pure solution of one salt, whose physiologic 
effect can be measured, but an indeterminate mixture of solutions of 
several salts whose effects are not easily differentiated. Further, 
though all animals select for drinking waters that aro lowest in solids 
and avoid those that are highest, the same animrls, when trans­ 
ported to districts of poor water, accustom themselves to supplies of 
far greater mineral content than those which before they would not 
touch. Consequently any general limits that may be assigned to.the 
various mineral ingredients must be regarded as extremely flexible.

The immediate consequence of drinking waters toe high in mineral 
content is usually diarrhea. Many persons at firrt afflicted with 
this trouble become accustomed to the new supply and acquire what 
may be termed immunity. Whether other disorc^rs result from 
the continued drinking of such waters is not known; and it is equally 
uncertain whether cattle and horses that so commoily are reported 
to have been killed by drinking strong mineral water were killed by 
the purging produced by the mineral matter in the water or by 
excessive consumption of water itself. It would appear 2 that alka­ 
line carbonates are most injurious and alkaline sulphates least in­ 
jurious and that alkaline chlorides occupy an intermediate position. 
This arrangement corresponds to the order of the same substances 
in reference to their toxic effect on plants. Water* exceeding 300 
parts per million of carbonate, 1,500 parts of chloride, or 2,000 parts 
of sulphate are apparently intolerable to most people. These limits 
fortunately are far beyond the points where the sul Hances in solu­ 
tion are clearly perceptible to the ordinary taste. In conclusion it 
can not be too emphatically stated that the information oatljissub-

1 Whipple, G. C., The value of pure water, p. 26, New York, 1907.
s This conclusion is drawn from investigation of quality of waters in San Joaqu*u Valley by R. B. Pole: 

\J, S, Geol, Survey Water-Supply Paper 398, p. 77,1916.
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ject is fragmentary and uncertain and that any limits of mineral 
tolearanee are modified by individual idiosyncrasy.1

INTEEPEETATION OF ANALYTICAL DATA IN EELATIO3SF TO POTJBIL13T,

CHEMICAL CHARACTER.

The total amount of mineral matter and the nature of tH chief 
constituents in a water comprise the essential information fc^ judg­ 
ing its potability in respect to mineral ingredients.

Silica is usually present in colloidal form and it is relatively con* 
stant in quantity. Calcium and magnesium are similar ir many 
effects and they vary in amount together, calcium usually being the 
greater. Sodium and potassium are so similar in effect that they are 
seldom separated an industrial analyses but are reported together as 
sodium. Carbonate and bicarbonate, representing more or less 
conventionally different conditions of carbonate in equilibrium, may 
be considered together under the common term of carbonate (CQ3), 
to which bicarbonate is translated by dividing by 2.03. These 
groupings, rendered possible by the usual mode of occurrence of these 
substances- and by their effects, greatly simplify classification of 
waters. .The alkalies, sodium and potassium, can be computed by 
the Stabler formula already noted. The amounts of the chief acids 
and bases*are used in applying the following classification:

n i   /n \i ("Carbonate (CO3). 
Calcium (Ca)l I a , , , /o/^ \ c. j- XT Sn Sulphate (SOA 
Sodium (Na)fL,, ,F ., ,>,,, v ' (Chloride (Cl).

The designation "calcium" indicates that calcium and mafpiesiiim 
predominate, and "sodium" that sodium and potassium predominate 
among the bases; the designation "carbonate," "sulphate," or "chlo­ 
ride" shows which acid radicle predominates. Combination of the 
two terms classifies the water by type, and tabulation of the classifi­ 
cation can be abbreviated by use of the symbols. The, appellation 
Na-COg, for example, indicates that sodium and potassium pre­ 
dominate among the bases and that carbinate or bicarborate, or 
both, predominate among the acids, and that the water would, yield 
on concentration and crystallization more sodium carbonate than 
any other salt, though £his classification does not in any way show 
the amounts of the salts in solution.

The numerical preponderanee of certain acid and basic radicles 
establishes the nature of many waters, but if further refinement in 
classification is desired comparison can be made of the reacting values 
of the radicles, which are the fundamental bases of the effect, of the 
radicles. These values can be computed by multiplying the amount 
of each constituent by it® valence and dividing the product by ita

i For further data see Dole, R. B., Concentration of mineral water in relation to therapeutic acttvlty; 
U. S, Geol, Survey Mineral Resources, 1911, pt. 2, pp. 1175-1192,1912.
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moleeular weight. The factors given in Table 47 can t& used for 
that purpose. The factor for sodium may be used for the combined 
values of sodium and potassium.

TABLE 47. Factors for computing reacting value?.

Basic radicles.

Potassium (K)

Factor.

0.0499
.0821
0434

.0255

Acid radicles.

Nitrate radicle (NO3)..... ...............
Chloride radicle (Cl)........ ......__..,

Factor.

0.0333
.0164
.0208
.0161
.0282

TOTAL SOLIDS.

Total solids can be computed from the data of an assay in several 
ways, one of which is to calculate the probable amount of saline 
residue that would be produced by the acid radicles and to add 
thereto an arbitrary amount for silica, undetermined substances, and 
volatile matter. As potassium has the smallest reacting weight of 
the four common bases the assumptions that equal amounts of sodium 
and potassium are present and that calcium and magnesium are 
absent constitute an extreme condition representing a maximum 
saline residue; similarly, the assumptions that equal pnrts of calcium 
and magnesium are present and that the alkalies are absent consti­ 
tute the condition representing a minimum saline residue. A formula 
based on an average between these two extremes giver? an estimate of 
total solids (T. S.) within 15 per cent of the exact value for most 
natural waters.

T. S. = SiO2 + 1.73 CO3 +0.86 HCO3 + 1.4S SO4 + 1.62 CL

The average content of silica (SiO3) in ground waters of San Diego 
County, as determined from 50 analyses, is about 34 p^rts per million. 
The estimate of solids should not be expressed more closely than to 
the nearest 10 parts or with more than two significant figures.

The criteria for classification of water for domestic use includes not 
only the nature and quantity of each constituent present but also the 
total quantity of mineral matter. The following table gives an 
approximate rating for the concentration'of water:

TABLE 48. Rating of waters by total solids.

Total solids (parts per 
million).

More 
than  

150 
500 

2,000

Not more 
than   .

150 
500 

2,000

Classification.

Ix>w. 
Moderate. 
High. 
Very high.
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WATER FOB

SOURCE OF ALKAU.

mineral substances are injurious to vegetation, but tla0 only 
ones that are usually abundant enough to demand attention are com­ 
pounds of sodium, or, as they are commonly termed, "the alkalies." 
Though potassium in nominal quantity is a plant food, it is usually 
not separated from sodium in commercial analyses of water, the two 
bases being estimated together and reported as sodium; buf. as the 
proportion of potassium in highly mineralized waters is commonly 
low compared .with that of sodium this disregard of potassirm does 
not leacj to any considerable error in judging the value for irr^ation. 
During tfe-e natural decomposition or rotting of rocks and soils salts 
of the alkalies, easily soluble in water, are formed^ Ther<* com­ 
pounds are leached from the soil and washed away in region-* wl^ere 
plenty of rain falls, and consequently they do not become concen­ 
trated enough to damage crops ; but wherever the rainfall is insuffi­ 
cient to effect thi$ removal such materials continually inerer <*e, and 
the proportion of them may become so great that plants are stunted 
or killed and the ground becomes unproductive.

Accumulations of alkali can also be caused in another wry. All 
waters that penetrate thp ground either naturally or as a result of 
irrigation contain these salts in solution, and evaporation of the 
water, leaving the salts, adds to the supply that has been formed by 
decomposition of rock.

OCCTTRREKCE OF AT/BTAT.T.

The soluble salts are not evenly distributed over an area or through 
a given depth, but are ordinarily concentrated in patches rear the 
surf ace. Such patches may be found in slight depressions into which 
mineralized water has seeped or drained and from which it has later 
evaporated. The underground water drawn to the surface by 
capillarity also brings alkali, which becomes concentrated in th*» upper 
layers of the soil. Where the salts are largely sulphates or chlorides 
the plots are covered with deposits of so-called "white alkali"   
that is, crystals of alkaline chlorides and sulphates, mostly common 
salt and Glauber's salt; but when much carbonate is present the plots 
are blackened by solution of humus and are termed spots of "black 
alkali." It can readily be understood from the manner in which the 
salts are formed :«nd from the possibility of their introduction by 
seepage or irrigation that the alkali content of a soil can progr^sivety' 
increase until it reaches a strength that will destroy plants previously 
unaffected. Conversely, a soil that is normally too h|gh in alkali 
can be rendered productive by washing part of the soluble sXlts out 
of it.
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If the alkali content of a soil is excessive tfee growth of cultures is 
retarded or entirely prevented. A still greater amount of salts kills 
the most resistant plants, and the area becomes devoid of vegetation. 
The chief cause of the poisonous action is commbhlyconsidered to be 
abstraction of water from the plant roots by eb&ng^of the osmotic 
pressure, but bad effects are also probably more or less due to corro­ 
sion of the plant roots, germicidal action on the soil bacteria, and 
interference with the food supply through solution of humus.

PERMISSIBLE LIMITS OF AT.TTAT-T-

The cause and the manner of the harmful action are, however, not 
so important at present as the amount of these toxic compounds that 
can be tolerated by crops, for the limit of resistance in soils fixes in 
turn the maximum, content of waters that can safely be used for 
irrigation, and it indicates the precautions that must be taken in 
applying the water. Yet it becomes evident from brief consideration 
of the problem that limits of tolerance must be veiy broadly inter­ 
preted and that absolute classification of waters in respect to their 
irrigation value is impracticable.

Many investigators have studied the effect on plant growth of min­ 
eral substances in water solutions, and the excellent work «f Kearney 
and Cameron * is typical of these. Experimenting with seedlings of 
white lupine and alfalfa in different strengths of pur<> solutions, they 
found that the readily soluble salts common in soils are toxic in the 
following order: Magnesium sulphate, magnesium chloride, sodium 
carbonate, sodium sulphate, sodium chloride, sodium bicarbonate, 
and calcium chloride, the first being 200 times as harmful as the last. 
But when similar tests were made in the presence of an excess of 
calcium sulphate and calcium carbonate both the order of toxicity and 
the maximum concentrations in which the seedlings would grow were 
entirely changed. The order and the limits for lupine .under these 
conditions are sodium carbonate, 1,560 parts per million; sodium 
bicarbonate, 4,170 parts; magnesium chloride, 9,60*); sodium chlo­ 
ride, 11,600; calcium chloride about 16,000; sodium sniJpliate, 21,600; 
and magnesium sulphate, 22,400. Magnesium sulphate, which is 
most toxic in pure solution, is least harmful in the presence of large 
amounts of calcium carbonate and sulphate. Tie chlorides of 
magnesium, sodium, and calcium follow each other in relative toxicity.

1 Kearney, T. H., and Cameron, F. K., Some mutual relations between alkali soils and vegetation: U. S. 
Dept. Agr. Kept. 71,1902.

Cameron, F. K., and Breazeale, J. P., The toxic action of acids and salts on seedlings: lour. Pays. Chem­ 
istry, vol. 8, p. 1,1904. , ,

Jensen, G. H., Toxic limits and stimulation effects of some salts and poisons on wiieat; Bot. Gazette, 
VOl. 43, p. 11,1907. - .

Kahlenberg, L., and True, B. H., The toxic action of dissolved salts aad their electrolytic dissociation: 
Bot. Gazette, vol. 22, p. 81,1896.

Heald, F. D., The toxic effect of dilute solutions of acids and salts upon plaits: Bot. Gazette,.vol. 28: 
p. 125,1896.
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The sulphate was found to be the least harmful of the soeUra TO* saLt§, 
sodium chloride being twice and the, carbonate fourteen i^naes ,n^ 
poisonous. These alterations are extremely significant, for none ef 
the salts occurs in large amount in soils except in* the preface of 
large quantities of calcium and more or less of all the ^ther harmful 
salts. Therefore the death point in a simple solution of on^ salt is 
not a safe measure of tolerance, for the power of resistance under 
natural conditions depends on complex reactions between , all the 
components of the soil solution.

Other investigators have shown not only that different cultures 
have different degrees of resistance but also that the order of .tosieity 
of the various salts is changed. Some species of rather weakt^lerane© 
have also been bred to withstand high concentrations, and ifc i^a mat­ 
ter of cwrdinary observation in regions of alkali that certain crops die 
on land: where others nourish. The vertical position of thr soluble 
salts also is important. Where, as under ordinary conditions, they 
are concentrated near the surface they can do the greatest an^ounfc of 
damage because they are in contact with the delicate roots. Put th$y 
may be washed downward out of the danger zone by proper applica­ 
tion of water. All these considerations make it evident thai the 
nature of the crops, the manner of cultivation and irrigation, the 
other mineral components of the soil, and many other factor affect 
tolerance to alkali; when the effects of reactions between the mineral 
constituents of the soil and of the applied water are added to these 
modifying features it must be admitted that all general conclusions 
regarding the potential value of a water supply for irrigation are sub­ 
ject to much modification in particular cases.

Possibly the best basis for conclusions on the value of w ater for 
irrigation is the work of Loughridge, 1 who has endeavored to deter­ 
mine the greatest amounts of alkali in the upper 4 feet of ground in 
the presence of which cultures grow and come to maturity. In pursu­ 
ance of this plan observations were made of the condition of fruit 
trees, shrubs, cereals, and other cultivated plants growing or dying 
in soils which were then partly analyzed. Loughridge's results are 
of great practical interest because they are linked with observations 
on cultures growing under natural conditions on a large scale, rnd they 
are here particularly valuable because they represent experiments 
mostly in the territory covered by this report. Interpretation of the 
figures is complicated,, however, as Loughridge points out, by uncer­ 
tainty as to whether the observed poor growth was always duetto 
presence of alkali andr not to other harmful conditions. As n^t one 
alone but all the salts are present in natural soils and as fT"*^ owe

i Loughridge, B. H., Tolerance of alkali by various cultures: California Univ. Agr. EspevSta. BflB. 
133, 1901. Quoted by Hilgard, E. W., Soils, p. 467, New York, Macmilten Co., 1906. See si ̂  California 
Univ. Agr. Exper. Sta. Bulls. 128, 140, and 169.
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their toxic action to the extent to which they are dissociated, the 
impo^bilityj^deteftniaiog tb@ exact amounts of tH different salts 
in solution or tike share of each acid and each basic radicle ia the toxic 
action is fully apparent. Notwithstanding these doubtful points 
much can be learned from the studies regarding the relative tolerance 
of cultures.

Hie amount of alkali that could be tolerated was found to depend 
largely on the distribution of the salts in the vertical soil column, the 
injury usually being greatest in the upper foot, where the feeding roots 
and the greatest amount of alkali occurred together. The range of 
tolerance for different cultures is very great. Lemon trees, considered 
very sensitive, were unaffected in the presence of 5,760 pounds of 
alkali per acre 4-feet, while grapevines withstood nearly eight times 
as much, or 45,760 pounds. Sorghum flourished ir soil containing 
81,360 pounds per acre 4-feet, but rye withstood only 12,480 pounds 
of alkali. The fact that some plants are more readily affected when 
they are young is well illustrated by alfalfa, which tolerates more than 
eight tunes as much alkali when old as when young. Experiments in 
vineyards showed that different varieties are affected to different 
degree by alkali and as a corollary that alkali changes the composition 
of grapes.

RELATIVE HABMFULNESS OF THE COMMON ALKALIES.

Though various cultures are affected in different degree by sodium 
in the three common forms of carbonate, chloride, an d sulphate,there 
is some general agreement. Sodium as the carbonate is commonly 
the most harmful, as the chloride somewhat less so, and as the sul­ 
phate least harmful. Hilgard* gives the maxima for cereals grown 
on a certain sandy loam as about 0.1 per cent of soiLum carbonate, 
0.25 per cent of sodium chloride, and 0.48 per cent of sodium sulphate, 
corresponding to a toxicity ratio expressed in terns of sodium of 
1 : 1.6 :3.6. The relative harmfulness of sodium in the sulphate, 
chloride, and carbonate, respectively, can be expressed according to 
Loughridge's results for 10 standard crops of San Jo^quin Valley by 
the ratio 1 : 5 :6.6; that is, sodium as the carbonate is 6.6 times as 
harmful, and sodium as the chloride 5 times as harmful as sodium 
as the sujpljate. A similar ratio for the 15 most sensitive crops is 
1 : 5.3 : 6.4. If, therefore, sodium as the sulphate is given a toxicity 
of 1 a reasonably approximate estimate of the relative toxicity of 
sodium as the sulphate, chloride, and carbonate, respectively, would 
be expressed by the ratio 1:5:6. Stabler has used in his formulas, 
quoted later, the ratio 1 : 5 :10 in order to allow for the undesirable 
puddling of the soil by the carbonate.

i Hilgard, E. W., Soils, p. 464, New York, Maemillan Co., 1M6.
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BETWEEN APPW31P WATER AND

water used in irrigating evaporates from the sttrfax%0f the 
soil it leaves in the ground its content of salts. If all As applied 
water were to escape by evaporation, constant use of atff sut^ply, no 
matter -how: pure it might be, would eventually result i& an acecami- 
lation of alkali that would render the soil unproductive. If, on'tbe 
other harifl, ail of a water not too high in mineral content were = to 
seep downward into the deep-lying strata it would leach out -the 
soluble saMs of a highly charged area, which would thus b6 made 
productive. Such extreme conditions, however, are not natural. 
Though evaporation greatly exceeds rainfall in arid regions, and the 
accumulation of alkali is thus facilitated, part of the watei se%pin£ 
away eateries with it a load of salts in solution. Various amounts of 
nuneral matter are also taken up by crops and are removed during 
harvesting; then, too, the sodium in the soil and in the applied water 
can be prevented by proper methods of irrigation and drainage from 
accumulating where it will damage the delicate feeding root^1 of -cul­ 
tures. Consequently, waters of a relatively low mineral content may 
be applied year after year without inflicting damage, but those 
exceeding a certain limit of mineral content are useless for irrigation ; 
waters of- an intermediate class, normally capable of increasing the 
alkalies in the soil, may be harmless under judicious usag<\ This 
outline of the general relations between the saline content of soils 
and of waters used on them indicates other allowances that should 
be made in estimating to what extent the mineral matter in applied 
waters affects their value for irrigation.

NUMERICAL STANDARDS.

Twelve hundred parts per million of mineral matter is the limit of 
concentration given by Hilgard 1 for irrigation water in all cas^s under 
the ordinary practice in California. This limit is greatly modified by 
the character of the dissolved salts, and the results of extensive irri­ 
gation elsewhere indicate that very much stronger waters* can be 
used on some soils if they are properly applied. Basing Ips compu­ 
tations on Loughridge's determinations of tolerance,2 Stab^r 3 has 
developed formulas for rating waters in respect to their value for 
irrigation. His comparison is made by means of an "alkali coeffi­ 
cient" (fc), which is defined as the depth in inches of water which 
would yield on evaporation sufficient alkali to render a 4-foot depth 
of soil injurious to tlie mose sensitive crops. The sodium

* Loughridge, R. B-, Tolerajioe of alkali by various cultures: California Univ. Exper, Si*. Ball. 133, 
1901.

* Stabler, Hertaan, Some stream waters of the western United States, witfc(jliaptera<jnBBdi-~i<ait carried 
by tbe Eio Grande aad the industrial application ol water analyses: U. 8. Genl. Surrey 
Paper 274>p> 177, 1911. SeealsoEng. News,vol,64,p. 57, 1910.
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lents of the three common salts of sodium, the stfohate chloride, 
and carbonate, are assigned relative toxicities of 4, 5, and 10^ respec­ 
tively, aaad the maximum tolerance of sensitive eulfrires is taken as 
1,500 pounds of sodium in the form of sulphate per acre 4-feet. The 
correctness of the latter assumption by itself might H questioned in 
view of the fact that Loughridge's figures for culture at the lower 
end of his lists are particularly liable to upward revision after further 
investigation. Yet this should not lead to appreciable error as the 
chief value of the formulas rests in the ratio of toxicities and the 
interpretation of the computed value of fc.

If Na 0.65 Cl is zero or negative, Jc = pi  
ft COA

If Na 0.65 Cl is positive butnotgreater than 0.48 SO4, fr. = -^ ' 2 fi Qi-
f\f\^

If Na-0.65 Cl-0.48 SO4 is positive, fe" Na _ 0.32 CL-0.43 SO/

The alkali coefficient, it, is in inches, as already explained; the sym­ 
bols SO4, Cl, and Na represent, respectively, the amounts in parts 
per million in the water of sulphate, chloride, ard alkalies, the 
latter being commonly grouped under the name of sodium. Con­ 
sideration of bicarbonate is precluded because estimates of it appar­ 
ently were not made in the work on which the forirulas are based. 
The three formulas represent the different relatior« between the 
alkali and the acid radicles. Under the first condition, with enough, 
or more than enough, chloride to satisfy sodium, it is assumed that 
chlorides other than that of sodium are as harmful as that compound. 
Cameron 1 found that magnesium chloride, sodium chloride, and cal­ 
cium chloride had relative toxicities of 1.2: 1.0: 0.6, respectively, in 
the presence of an excess of calcium sulphate or of calcium sulphate 
and calcium carbonate. Under the second condition, where the 
chloride and sulphate radicles together are sufficient to satisfy sodium, 
and under the third, where both chloride and sulphate are insufficient 
to satisfy sodium, magnesium is assumed to have no deleterious effect. 
This .base loses the greater part of its toxic power when much calcium 
is present and therefore this assumption seems justifiable as not only 
is calcium usually high in all soils, but also it commonly exceeds the 
proportion of magnesium in natural waters. Though the formulas 
are based on the relative predominance of the radichs, they should 
not be interpreted as signifying that the acids and bases are com­ 
bined, but as presenting the maximum possibilities of the 'deposition 
of harmful alkali salts in the soil layer. Waters to which the first 
two formulas are applicable are likely to leave white r.lkali on evapo­ 
ration, and those in the third class probably yield bla«,k alkali.

i Cameron, F. K., and Breazeale, J. F., The toxic action of acids and salts or seedlings: Joni. Pfcys. 
Chemistry, vol. 8, p. 1,1904.
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The approximate amount of alkali in a water can be computed 
from the result;of an assay by the following formula: <

Na- 0.83 CO3 + 0.41 HCO3 +0.71 Cl-f0.52 SO4 - 015 H.

The symbols represent the amounts in parts per million of alkali 
(sodium- and potassium) and the carbonate, bicarbonate, chloride, 
sulphate, and total hardness found by assay. The equation oppresses 
the theoretical relation that the sum of the reacting values of the acid 
radicles minus the reacting values of calcium and magnesium, which 
together are one-fiftieth of total hardness, equals the reacting value 
of the alkalies: the factor 25 instead of 23, the atomic weight of 
sodium*- i»: used for safety. Because of the approximate nature of 
the figures of assays, values of Tc computed from them si muld be 
reported with not more than two significant figures and to the nearest 
10 when they exceed 30.

The following ratings for interpreting values of th$ alkali coeffi­ 
cient are proposed by Stabler:

Vatae of fe (inches) .

Greater than 18... ...... .................................
6 to 18............ .......................................
1,2 to 5.9................................................

Good.
Pair.

Bad.

The value of Jc, showing the number of inches of water thftt would 
yield on evaporation sufficient alkali to inhibit the growth of very 
sensitive plants, indicates the relative degree of care that is essential 
in applying a water to irrigated tracts. As defined by Stabler, 
"good" waters are those that can be used for many years without 
special care to prevent alkali accumulation. Waters classed as "f air " 
require special care to prevent gradual concentration of alkali except 
in loose soils with free natural drainage. In using waters classed as 
"poor" care in selection of soils has been imperative and artificial 
drainage has frequently been necessary. The "bad" waters contain 
so much harmful matter in solution that they are practically valueless 
for irrigation. These ratings are based on general practice in the 
arid and semiarid regions of the United States, and so far as they can 
be checked by comparison with actual experience in the use cf waters 
they answer all practical purposes.

This rating, like any other that might be devised, should be .liber­ 
ally interpreted. It is-_well to repeat emphatically that it signifies 
only a comparison of t*he waters themselves on the basis of their 
mineral content. It has no reference whatever to the poasT ;Uty of 
raising good crops on land to which the waters may be applied, 
because it does not take into account the alkali content and the tex-
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ture of the»soil, drainage conditions, the method .-ofi irrigation, the 
duty of the water, on.4he other factors on wMeh agr.HultorsMl«iwicess 
depends.

' REMEDIES FOB. A.TVBTATJ TROUBLES. 

WASHING DOWN THE ALKALI.

The relation between applied water and soils makes it apparent 
that the farmer can control the alkali content of his ground to'great 
extent by the manner in which he applies water and the care he takes 
to prevent accumulation of soluble salts near the surface. When a 
deep, readily pervious soil is covered with water to a proper depth 
by flooding, the water rapidly soaks into the soil, dissolving the 
alkali salts concentrated near the surface and carrying them down­ 
ward beyond the zone of influence on the delicate feeding rootlets. 
But if the ground is not then protected against surface evaporation 
the water is drawn upward and alkali again impregnates the top 
layers. This.action can be prevented in some measure by thorough 
cultivation as soon as possible after irrigation, and the shade afforded 
by trees and good stands of grass or grain also minimizes it. This 
shading effect partly explains why well-established growths of some 
cultures can thrive in soil containing an amount of alkali injurious 
to younger crops. A good stand of alfalfa, for ir stance, inhibits 
surface evaporation and consequent rise of alkali to the feeding roots, 
though the ground deeper down may contain enough alkali to kill 
the plants; whereas newly started alfalfa can not prevent evapora­ 
tion, and the alkali, dissolved by the water and rHng with it by 
capillarity, becomes concentrated where it can do the greatest 
damage. A shallow soil underlain by hardpan is not benefited by 
flooding alone, as the leaching is stopped by the impervious layer.

It is a prevalent idea that alkali can be washed from a piece of 
land by flooding it with large quantities of water and then allowing 
the surplus to run off. The improvement is, however, not due so 
much to removal of the comparatively small quantities of material 
carried away in the off-flow as to depression of tibe alkali by the 
downward percolation just described. The results of some experi­ 
ments by Headden * illustrate this well. Two waters,, the compo­ 
sition of which is given in columns A and B of Tabta 49, were used 
during two successive days to flood a tract of alkali land about 600 
feet long. Four samples of the off-flow were taken, two at the 
beginning of the off-flow and two just before the on-flow was stopped, 
and the average of the analyses of these four samples is given in 
column C. Though, one of them, taken at ,the very commencement 
of the off-flow, earned 1,238 parts per mjHion of dissolved solids, 
this high content lasted only a few minutes, and comparison of the

/i Bfeadcten, W. P., Colorado irrigation waters and their changes: Colorado A$r, Celi Exper. Sta. Btill. 
82, 1903.
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average withtKthe results in columns. A ^and B shows howJiittfe 
fcatal raiae»alr'«©tttent of the water that remained above 
fiaaUy flewsd' .off after crossing the entire are& was i 
solution, of the,alkali in the,soil.   ^ ^ .  

TABLE 4f. Effect offloading on alh&li as shown by composition of water.

[Parts per million. J

Constituents.

Total soRds.t.'.. .............................................

SilieaCSiOg)...,.... .......................................

Calcium (Ca>... ..............................................

Sodium (NaK............ ...................................
Potassium (BL).... ..........................................

Chloride radicle (Cl)......--... .............................

A

328
27
10
1.0

43
10

.8
42
3.6

64
113
10

B

706
37
14
3.4

0(1 '

24
.8

, 96
3.8

106
305

24

C

760
44
12

.8
93
30

.2
102

5.6
112
335
24

D

1,413  
91

,   Wt
1,613**

m
  i UT

195
i.r

120   7r>
60

E "'

3.278
, 145
h 20

.7
 814

170
*.«

436
6.1

1iQ

147

A. Water ii§ed to irrigating on Sept. 1. . -   -
B. Water usettinimgatlng on Sept. 2.
C. Averageeempqsitionof ofl-flcrw Sept.2.  ,.
D. Average composition of water from 4 shallow -wells Aug. 31.
B» Avesagecomposition of \rat«rfroia4 shallowwells Sept; 2.

Four shallow wells in the plot, protected against entrance of water 
over the top, were sampled before (column D) and after irrigation 
(column E). The composition of the ground.water portrayed by 
these averages is typical in showing the downward passage of the 
alkali salts in the soil. The average amount of mineral matter in 
the off-flow is only slightly greater than that in the applied waiter 
that was used in greater quantity, but the water in the weHs increased 
in dissolved solids from 1,415 parts to 3,278 parts per million, cal­ 
cium, magnesium, sodium, sulpnate, and chloride having be4a mor^ 
than doubled. Headden estimates that the ground water gained 
about 5,000 pounds of mineral matter per acre-foot of water by this 
irrigation.

The effect of natural precipitation in washing down the soluble 
salts can be illustrated by analyses of water from the same wells 
after a long period of heavy rainfall. Just before the rani stopped 
the water of one well contained 10,360 parts per million of total 
solids, an amount several times the normal; only eight days later 
solids Lad fallen to &,450 parts; and to 2,030 parts after a month. 
This decided increase of mineral content after rainfall and the sub­ 
sequent decrease coincident with the loss of water by eva^KH'atfdn 
and drainage can be explained by change in position of thr t sc3trbli§: 
salts in the soil column. , .. " - , -^

Irrigation by shallow furrows from which the water soal&rmtef the 
ground causes downward transmission of alkali in pervious soils 
like flooding, with the added advantage that the decreased evapora-
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tion lessens the tendency toward surface concentration; - of alkali. 
Deep, narrow ftfrrows would undoubtedly still further reduce the 
proportion of water lost by evaporation and would prevent the rise of 
alkali by affording deeper circulation of the water supply.

DRAINAGE.

Such downward washing of soluble substances affords no perma­ 
nent relief, for the alkali, not being removed, may be drawn again 
to the surface, or may rise as a result of wasteful irrigation, a trouble 
common in water-logged soils. Downward washing can be safely 
relied on only when the soils are pervious and har^ good natural 
drainage. Application of heavily mineralized water even under 
such conditions year after year may increase the anwrnt of the harm­ 
ful ingredients and render them more difficult to handle. The recog­ 
nized permanent remedy is installation of underd rains, through 
which the dissolved substances may be removed. The installation 
of drainage is costly, but it has become an essential p«\rt of irrigation 
systems wherever the soils are very bad or the waters are high in 
harmful ingredients, for it not only facilitates the removal of the 
deleterious salts originally in the ground but also affords means for 
preventing accumulation of alkali when very strong waters.are used.

The experimental plots cultivated by the Department of Agri­ 
culture in Fresno County where the "rise of the alknli" has spoiled 
otherwise good ground have been thoroughly reclaimed by under- 
drainage.1 The best results with strong saline waters have been 
obtained by irrigating copiously at frequent intervals. In con­ 
junction with free drainage such operation prevents concentration of 
alkali salts in the soil, for any accumulation that may form is quickly 
dissolved and washed downward.

MISCELIjANEOUS REMEDIES.

Though it is possible to remove a large proportion of the alkali 
crust by scraping the surface of the land that methcd is too expen­ 
sive to be generally adopted. Growing and completely cropping 
plants that secrete relatively large quantities of alkali is tedious- but 
fairly successful. The injurious effect of carbonate alkali can be 
greatly reduced by spreading the ground with gypsum, by action of 
which carbonate of lime and alkali sulphates are, formed. As car­ 
bonate alkalies are much more harmful than chlorides or sulphates 
treatment of this character lessens the toxic action.

r, Samuel, and Cone, V. M., 'Drainage of irrigated lands in the San Joaqnin Valiey, Calif.: U. S. 
Dept. Agr. Exper. Sta. Bull. 217, 1909.
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WATER FOR BOILER USE. 

FORMATION OF SCALE.

The most common trouble in boilers is formation «f scale, or 
deposition of mineral matter within the boiler shell. Whip water 
is heated under pressure and concentrated by evaporation, as in a 
boiler^ certain substances are thrown out of solution and solidify oa 
the flues and crown sheets or within the tubes. Them deposits 
increase fuel consumption because they are poor conductors of heat 
and increase tiie cost of boiler repairs and attendance becaim they 
have to be removed. If the amount of scale is great or if it is allowed 
to accumulate the boiler capacity is decreased and disastrous explo­ 
sions are likely to occur.

The incrustation (scale) consists of the substances that are ir«oluble 
in the feed water or become so within the boiler under conditions of 
ordinary operation. It includes practically all the suspended matter, 
or mud; the silica, probably precipitated as the oxide (SiO3); the 
iron and aluminum, appearing in the scale as oxides or hydrated 
oxides; the calcium, precipitated principally as carbonate and sul­ 
phate; and the magnesium, found chiefly as oxide but also partly as 
carbonate. Scale, is therefore a mixture, which varies in amount, 
density, hardness, and composition with the quality of water supply, 
the steam pressure, the type of boiler, and other conditions of use. 
Calcium and magnesium are the principal basic substances in the 
scale, over 90 per cent of which usually is calcium, magnesium, car­ 
bonate, and sulphate. If much organic matter is present part of it 
is precipitated with the mineral scale, as the organic matter is decom­ 
posed by heat or by reaction with other substances. If magriesium 
and sulphate are comparatively low or if suspended matter is com­ 
paratively high the scale is soft and bulky and may be in the form of 
sludge that can be blown or washed from the boiler. On the other 
hand, a clear water relatively high in magnesium and sulphate may 
produce a hard, compact scale that is nearly as dense as porcelain, 
clings to the tubes, and offers great resistance to the transmission of 
heat. Therefore the value of a water for boiler use depends not only 
on the quantity but also on the physical structure of the scrle pro­ 
duced by it.

CORROSION.

Corrosion or "pitting" is caused chiefly by the solvent action of 
acids on the iron of the boiler. Free acids capable of dissolving iron 
occur in some natural waters, especially in the drainage from coal 
mines, ,whieh usually contains free sulphuric acid, and also in some 
factory wastes draining into streams. Many ground waters contain 
free hydrogen sulphide, a gas that readily attacks boilers, ajtH some
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contain dissohied oxygen and free carbon dioxide, which are also 
coirosiveJJiC*f;aiiic matter is probably a source of acids, for waters 
high in organic matter and low in calcium and ma<3ttesium are cor­ 
rosive, though the nature and action of the organic bodies are not 
well understood, The chief corrosives are acids freed in the boiler by 
the deposition of hydrates of iron, aluminum, and magnesium, the 
last-named being the most important as it is the most abundant. 
The acid radicles that were in equilibrium with th.es-} bases may pass 
into equilibrium with other bases, displacing equivalent quantities 
of carbonate and bicarbonate; or they may decompose carbonates 
that have been precipitated as scale; or they may combine with the 
iron of the boiler, thus causing corrosion; or they may do all three, 
then* action depending on the chemical composition of the water. 
Even with the most complete analyses this action can be predicted 
only as a probability. If the acid thus freed exceeds the amount 
required to decompose the carbonate and bicarbonate radicles it 
attacks the iron of the boiler and produces pits or tuberculations of 
the mterior surface, leaks, particularly around rivets, and general
deterioration.

FOAMING.

Foaming is rising of the water in the boiler and particularly in the 
steam space normally above the water, and it is intimately connected 
with priming, which is the passage from the boiler of water mixed 
with steam. Foaming results when anything prevents the free escape 
of steam from the water. It is usually ascribed to an excess of dis­ 
solved matter that increases the surface tension of the liquid and 
thereby reduces the readiness with which the stear" bubbles break. 
As sodium and potassium remain dissolved hi the boiler water while 
the greater portion of the other bases is precipitated, the foaming 
tendency is commonly measured by the degree of concentration of 
the alkali salts in solution, because this figure in connection with 
the type of boiler determines to great extent the length of time that a 
boiler may run without danger of foaming. It is a fact that the 
worst foaming waters in railroad practice are encour tered in the arid 
and semiarid regions of the Southwest where the quantity of dis­ 
solved alkali is greatest. However, it is well known that suspended 
matter can cause foaming, for certain waters that deposit a moderate 
amount of scale but do not foam when clear, foam badly when they 
carry a great quantity of mud. Greth 1 states that foaming is due to 
condition of boiler, design of boiler, size and shape of water space, 
steam pipe, irregularity in blowing off, introduction of oil iato the 
feed water from the exhaust steam, neglect to change water period­ 
ically, irregularity of load, or improper firing and feeding. He con-

i Greth, J. C. W., Water softening and purification for coal-mine operations (paper read laefore the West 
Virginia Coal Mining Institute, Bluefleld, W. Va., June 7,1910).
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eludes that it is not merely the presence of sodium saV^ j". solution
*hat causes foaming, but the presence of other subsiknces which1 
^ogether with the sodium salts and operating conditions bring: about
*oaming. It is believed that a strong solution of sodhxn calr* 
Donate might not induce excessive foaming in water otherwise pure, 
^ut its introduction into a boiler, which under operating conditions 
: nvariably contains suspended matter or precipitated sludge, might 
produce foaming by increasing the suspended matter either I y pre­ 
cipitating calcium and magnesium or by loosening previously depos- 
: ted scale. Under working conditions it is difficult to distmgu^h the 
actual cause of the trouble. Experience has shown that the type of 
boiler, steam pressure, and other operating conditions may greatly 
accelerate or retard foaming!

REMEDIES FOB BOILER TROUBLES.

The best way of remedying unsatisfactory boiler supplier is to 
treat them before they enter boilers, but where this is impracticable 
trouble can be minimized in various Ways. Low-pressure large-flue 
boilers are" used in many stationary plants with hard waters, and it. 
is said that the scale formed in them is softer and more fiocculent and 
can therefore be more readily removed than that formed ir high- 
pressure boilers. Blowing off is about the only practical moans of 
preventing foaming, because this trouble is due principally to con­ 
centration of substances in the residual water of the boilers. Accu­ 
mulated sludge, or soft scale, is removed by blowing, particularly in 
locomotive practice. In condensing systems much of the trouble due 
to mineral matter in the feed water is obviated because the quantity 
of raw water supplied is proportionately small. Yet the problem is 
not completely solved in such systems, because the inerustmg or 
corrosive action is transferred from the boiler to the condenser, which 
requires more or less cleaning and repairing in proportion to.the 
undesirable qualities of the water supply.

BOILER COMPOUNDS.

Boiler compounds are widely used in regions where hard waters 
abound, but treatment within the boiler should be given only vhen it 
is impossible to purify the supply beforehand or when the supply is 
relatively pure and requires only minor correction. If previoi^ puri­ 
fication is not practicable some feed waters can be improved by judi­ 
cious addition of chemicals. Many substances, ranging froir flour, 
oatmeal, and sliced potatoes to barium and chromium salts1 have 
been recommended f6r such use, but only a few have proved to be 
really efficient. These substances have been classified1 according, to 
their action within the boiler. Those that attack chemically the

»Gary, A. A., The use of boiler compounds: Am. Machinist, vol. 22, pt. 2, p. 1153,189S. 
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scaling and corroding constituents precipitate incnif f,ing matter and 
neutralize acids. Soda ash, the commercial form of sodium carbonate 
containing about 95 per cent Na-jCOg, is the most valauble substance 
of this character, because it is cheap and its use is attended with the 
least objectionable results. Tannin and tannin compounds are also 
used for the same purpose. The addition of limewater to the feed 
to prevent corrosion and to obviate foaming has been recommended,1 
and it is probable that it would improve waters high in organic 
matter and very low in incrustants. Such practice increases the 
incrustants in proportion to lime added but prevents corrosion. 
Soda ash neutralizes free acids, precipitates the incruHing ingredients 
as a softer, more flocculent material, which is more easily removed 
from the boiler, and increases the foaming tendency of the water by 
increasing its content of dissolved matter. The proper amount to 
be used depends on the chemical composition of tt e water and the 
style of the boiler.

The second class of boiler compounds comprises those that act 
mechanically on the precipitated crystals of scale-making matter 
soon after they are formed, surrounding them and robbing them of 
their cement-like action. Glutinous, starchy, and oily substances 
belong to this class, but they are not now used to any considerable 
extent because they thicken and foul the water mor^ than they pre­ 
vent the formation of hard scale.

The third class comprises compounds that act mechanically like 
those of the second class and also partly dissolve deposited scale, 
thus loosening it and aiding in its ready removal. Of these, kerosene 
is very effective, but graphite is believed to be still better.

Many boiler compounds possessing or supposed to possess one or 
more of the functions just described are on the market and are widely 
sold. Some are effective and some are positively injurious. Most 
of them depend for their chief action on soda ash, petroleum, or a 
vegetable extract, but all are costly compared with lime and soda ash. 
Boiler compounds can not reduce the amount of scale and may 
increase it. Their only legitimate functions are to prevent corrosion 
and deposition of hard scale and to remove accumulations of scale 
that have become attached to the boiler. Every engineer should bear 
in mind that steam boilers are costly and that fuel and boiler repairs 
are costly and should hesitate to add substances to his feed water 
without competent advice as to their effect. It is far more economical 
to have the water supply analyzed and to treat it effectively by well- 
known chemicals in proper proportion, either within or without tlie 
boiler, than to experiment with compounds of unknown composition.

» Palmer, Chase, Quality of the underground waters in the Blue Grass region of Kentucky: IT. S. Geol, 
Survey Water-Supply Paper 233, p. 187,1909,
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NUMERICAL STANDARDS.

Stabler'® excellent mathematical discussion of the quality of waters 
with relerence to industrial uses l contains several formulas I y which 
the effect of waters may be computed. They have been recrlcialated 
in order to obtain the estimates in parts per million. The t«rms in­ 
volving iron, aluminum, and free acids have been omitted because 
these substances are too scarce to call for consideration in such 
approximate rating; and the terms involving sodium and potassium 
have been united for simplicity.

(1) s = Sm + Cm + 2.95Ca+1.66Mg .
(2) h = SiO2 +1.66 Mg+1.92 01 +1.42 SO4 -2.95 Ns
(3) f = 2.7Na
(4) c = 0.0821 Mg-0.0333 CO3 - 0.0164 HCO3 .

These equations express numerically some of the relations that have 
been discussed in the preceding sections on scale, corros'on, and 
foaming. Sm, Cm, SiO2, Ca, Mg, Na, Cl, SO4, CO3, and HCO3 repre­ 
sent the amounts in parts per million, respectively, of srspended 
matter, colloidal matter (oxides of silicon, iron, and aluminum), silica, 
calcium, magnesium, alkalies, chloride, sulphate, carbonate, and 
bicarbonate.

Formula 1 gives the amount of scale (s) that would probably be 
formed from the water under ordinary conditions of boiler operation; 
as the ground waters of San Diego County are practically clear, Sm 
is equal to zero. Where not determined Cm has been given a value 
of 34, for waters, the average of SiO2 in 50 analyses of ground waters 
in San Diego County.

Formula 2 gives the amount of hard scale forming ingredi<\nts (h).

The ratio - expresses the relative hardness of the scale. If - iss * s
greater than 0.5 the scale may properly be called hard; if it is less 
than 0.25 the scale may properly be called soft.

Scale (s) has been estimated from the data of the assays by adding 
to total hardness (H) the value of Cm used in formula 1 (s=Cm + 
H). (See formula 1 for value of Cm used in assays for San Diego 
County.) As H theoretically equals 2.5 Ca+4.1 Mg, and the last 
two terms of equation 1 are 2.95 Ca+1.66 Mg, the unknown but 
variable ratio between calcium and magnesium introduces an uncer­ 
tain error. Estimates of the scale-forming constituents are, however, 
always approximate, and experience indicates that this computed 
value is accurate enough for relative ratings.

Formula 3 gives the amount of the foaming ingredients (f), as esti­ 
mated from the probable content of alkali salts. The value cf sodium

> Stabler, Herman, Some stream waters of the western United States, with chapters on sed'~nent carried 
by the Eio Orande and the industrial application of water analyses: U. S. Geol. Survey Tater-Supply 
Paper 274, p. 165,1911. See also Eng. News, vol. 60, p. 355,1908.
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(Na) computed by the formula on'pag0235T±as been used in computing 
the amo^t'c£tbe^foammgiis|^ th© assays.

Formula 4 has been used to calculate th& carrMr>0 tendency of 
the water (c). As can be readily seen from thef coefficients, it 
expresses the relation between the reacting values of magnesium and 
the radicles involving carbonic acid (p. 228). If c is positive, the water 
is corrosive. If c + 0.0499 Ca, the reacting value of crlcium, is nega­ 
tive, the mineral constituents will not cause corrosion, but whether 
organic matter or electrolysis will cause it is uncertain. If c + 0.0499 
Ca is positive corrosion is uncertain. These conditions of reaction 
may be restated to conform to the data of the assays thus: If 0.033 
CO3 +0.016 HCO3 equals or exceeds 0.02 H the mineral constituents 
will not cause corrosion. If 0.004 H exceeds 0.033 CO3 +0.016 
HCO3 the water is corrosive. One-fiftieth of the total hardness 
(0.02 H) is equivalent to the reacting value of calcium and magnesium, 
and H divided by 230 (0.004 H) is equivalent to the reacting value of 
magnesium on the assumption that Ca = 6 Mg, a ratio in which 
magnesium is given its smallest probable value in relation to calcium. 
The reacting values of carbonate and bicarbonate are represented, 
respectively, by 0.033 CO3 and 0.016 HCO3, the coefficients of which 
are obtained by dividing the valence of each radicle by its molecular 
weight.

After these three attributes of boiler feed have l^en computed 
rating the water is largely a matter of judgment brsed on experi­ 
ence. The committee on water service of the American Railway 
Engineering and Maintenance of Way Association has offered two 
classifications by which waters in their raw state may be approxi­ 
mately rated, but, as the report states, "it is difficult to define by 
analysis sharply the line between good and bad wr.ter for steam- 
making purposes." Table 50 gives these classifications with the
amounts transformed to parts per million.
 
TABLE 50. Ratings of waters for boiler use (according to propo?ti '.t7n8-of inemstiny, 

corroding, and foaming constituents.

Incrusting and corroding constitu­ 
ents.

Farts per million.

More 
than  

90 
200 
430

Not more 
than  

90 
200 
430

Classification/!

Good.. 
Fair. 
Poor. 
Bad.

Foaming constituents

Parts per million.

More 
than ­

ISO' 
^ 250 

400

Not more 
than 

150 
250 
400

Classification.^1

Good. 
Fair. 
Bad. 

:Vefybr*l.

« Am. Ry. Eng. and Maintenance of Way Assoc. Proo., vol. 5. p. 59S. 190*. 
b Idem, vol. 9, p. 134,1908.
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The quantity of foaming iiigcodients <f) should always be considered 
in conjunction with, the probable aunw>unt of scale or sludge tl at would 
be formed, the hardness of the scale, and the tendency towe^-d corro­ 
sion. These ratings result in a classification rather more r^id than 
that usually reported by chemists of railroads in California, an*Lfor 
that reason those who are thoroughly familiar with loc^l conditions 
and with the chemistry x>f water will doubtless prefer to disregard 
the descriptive terms of the classification and to draw their own con­ 
clusions regarding the quality &f the waters from the figure repre­ 
senting scaling,. foaming,. and corrosion. The classifications are 
given principally for the aid of those not thoroughly familiar wi^th 
such matters, .and rather to indicate the limits of usefulness than to 
define rigidly the value of the waters.

No matter how low a water may be in. undesirable constituents 
it is poor economy to use it if it is much poorer m ^uaKty than the 
average water of the region in which it occws. On, the otl <$c hand, 
if the best available supply is poor the economy of purifying it even 
at large expense is obvious. Along the Atlantic coast, whe~e waters 
containing less than 100 parts per million of incrusting ingredients are 
extremely common, a supply carrying 200 parts of such svbstances 
would not be considered fair for boiler use. Throughout most of 
Mississippi Valley, however, such a supply would be considered good, 
because in that region natural waters not exceeding 100 parts1 in scale- 
forming constituents are rare. This variance in local standards is 
well illustrated by the opinions on the two sides of San Joaquin 
Valley as to what constitutes a good boiler water, and because of 
it numerical standards should be interpreted relatively, not literally. 
At the same time any classification by nominal ratings must be 
applied absolutely if the terms are to have comparative significance 
outside the region where the waters exist. Waters of poor quality 
can be improved by treatment in softening plants. Ho * bad a 
water may bemused without treatment depends on the cost of softening 
the water and the relative saving effected by the use of the softened 
water. A report l of the committee on water service of the American 
Railway Engineering and Maintenance of Way Association sets forth 
the factors involved. The benefits include the saving in boiler 
cleaning, repairs, jand .fuel, the decrease in the time durir^ which 
the boilers must be withdrawn from service for cleaning and. repairs, 
the decreased .depreciation of the boilers, and the valm of the 
materials removed by softening. The cost of softening includes the 
cost of labor ami power for the softening apparatus, the costtof soften­ 
ing chemicals, the interest on the cost of installation, idspreciation in 
the value of the softening plant, and the waste in chaagux? boiler 
feed due to increased foaming tendency.

i Am. By. Eng. and Maintenance of Way Assoc. Proc., vol. 8, p. 601,1907.
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In locomotive service it is in general economical to treat waters 
containing 250 to 850 parts per million of incrustartB and to treat 
those containing less than 250 parts if the scale formed contains much 
sulphate.1 As the incrusting solids may commonly be reduced to 
80 or 90 parts per million, the economy of treating boiler waters 
deserves consideration in a region where many suppUes contain 300 
to 500 parts per million of incrusting matter.

The amount of mineral matter that makes a water unfit for boiler 
use depends on the combined effect in boilers of the softening reagents 
used with such waters and of the constituents not reiroved by soften­ 
ing. Sodium salts added to remove incrustants or to prevent corro­ 
sion increase the foaming tendency, and this increase may be great 

'enough to render a water useless for steaming. It is not of much 
benefit to soften a water containing more than 850 p arts per million 
of nonincrusting material and much incrusting sulphate.1 Trouble 
from priming in locomotive boilers begins at a concentration of about 
1,700 parts per million of foaming constituents, and the limit of 
safety for stationary boilers is reached at a concentration of about 
7,000 parts. Though waters containing as high as 1,700 parts per 
million of foaming constituents have been used, it is usually more 
economical to incur considerable expense in replacirg such supplies 
by better ones.

WATER FOE MISCELLANEOUS INDUSTRIAL USES. 

GENERAL REQUISITES.

Many articles are affected by the ingredients of tte water used in 
their manufacture and can be improved by its purification. If by 
the same process the boiler efficiency of the factory can be increased 
the expense is often justified when it would not be warranted merely 
by the increased value of the product. This observation applies 
particularly to paper, pulp, and strawboard mills, laundries, and 
other establishments where large quantities of water are evaporated 
to furnish steam for drying, and to ice factories ani similar plants 
where distilled water is required.

Besides its use for steam making water plays a specific part in 
many manufacturing processes. In paper mills, strawboard mills, 
bleacheries, dye works, canning factories', pickle factories, cream­ 
eries, slaughterhouses, packing houses, nitroglycerin factories, distil­ 
leries, breweries, woolen mills, starch works, sugar works, canneries, 
glue factories, soap factories, and chemical works water becomes a 
part of the product or is essential in its manufacture. In most of 
these establishments the principal function of the w^ter is that of a 
cleansing agent or a vehicle for other substances, and therefore a 
supply free from color, odor, suspended matter, microscopic organisms

1 Am. Ry. Eng. and Maintenance of Way Assoc. Proc., vol. 6, p. 610,1905.
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and especially from bateria of fecal origin, and fairly low in dissolved 
substances^ especially iron, is with few exceptions satisfactory. 
But water hygiemeaUy acceptable is necessary where it COITUS into 
contact with or forms part of food materials, as in the making of 
beverages, sugar, and dairy or meat products. As ideal waters for 
any use are rare, the manufacturer must ascertain what deirree of 
freedom from impurities is necessary to prevent injury to his ma­ 
chinery or to his output and whether the cost of obtainirs; such 
purity is counterbalanced by decreased cost of production and 
increased value of product.

EFFECTS OF DISSOLVED AND SUSPENDED MATERIALS.

The effects in some industries of the substances most conmonly 
found in water are outlined in the following pages, the object being 
to offer approximate standards for classification.

FREE ACIDS.

Free mineral acids, such as the sulphuric acid in drainage from 
coal mines or the hydrochloric acid in the effluents of some industrial 
establishments, are especially injurious and nearly always 1 <we to 
be neutralized before the waters containing them can be used in­ 
dustrially. In paper mills, cotton mills, bjeacheries, and dyo works 
waters containing a measureable amount of free mineral a°id de­ 
compose chemicals, streak and rot fabrics, and corrode and rapidly 
destroy metal screens, strainers, and pipes.

SUSPENDED MATTER.

Suspended matter in surface waters may be of vegetable, mineral, 
or animal origin, as it consists of particles of sewage, bits of leaves, 
sticks and sawdust, and sand and clay. The fine silt so common in 
rivers of the West is largely derived from clay. Few well waters 
contain suspended animal or vegetable matter, but many carr^ finely 
divided sand and clay, and many become turbid by precipitation of 
dissolved ingredients. Suspended matter is objectionable in all 
processes in which water is used for washing or comes into contact 
with food materials, because it is likely to stain or spot the product. 
Suspended matter due to precipitated iron is especially injurious even 
in'small amount. Suspended vegetable or animal matter liable to 
decomposition or to partial solution is much more objectionable, even 
in small amount (10 to 20 parts per million), than equal quantities of 
mineral matter. For these reasons water should be freed from sus­ 
pended matter before being used for laundering, bleaching, wool 
scouring, paper making, dyeing, starch and sugar making, brewing, 
distilling, and similar processes. In making the coarser graded of 
paper, such as strawboard, a small amount of suspended matter is 
not especially injurious, but for the finer white and colored varieties 
clear water is essential.
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COIiOR.

Color in water is due principally to solution df vegetable matter. 
Materials bleached, washed, or dyed light shades in colored water are 
likely to become tinged. Highly colored waters can be used in 
making wrapping or dark-tinted papers but not in making the white 
grades, and paper manufacturers are put to great expense for water 
purification on that account. The lower waters are in color, there­ 
fore, the more desirable they are for use in bleacheries, dye works, 
paper mills, and other factories where brown tints in the products 
are undesirable.

IRON.

Iron is the most undesirable dissolved constituent, and its presence 
in comparatively small quantities necessitates purification. Many 
ground waters contain 1 to 20 parts per million of iron, which may 
be precipitated by exposure to the air and by reler.se of hydrostatic 
pressure, causing the waters to become turbid, and many such waters 
develop rusty-looking gelatinous growths that may interfere in in- 
(Justrial operations. In all cleansing processes, esp ecially if soap or 
alkali is used, precipitated iron is likely to cause ru^ty or dull spots. 
In contact with materials containing tannin compounds iron forms 
greenish or black substances that discolor the product. Therefore 
many waters containing amounts even as small as 1 or 2 parts per 
million of iron have to be purified before they can be used industrially. 
In water for dye works iron is especially objectional ̂ e and commonly 
prevents the use of the water without purification.1 Iron in the 
water supply of paper mills may be precipitated or the pulp, giving 
a brown color, or during sizing or tinting, giving spotty effects. 
Water containing much iron can not be used in bleaching fabrics 
because salts that spot the goods are formed. The dark-colored com­ 
pounds that iron forms with tannin discolor hides in tanning.

CALCIUM AND MAGNESIUM.

Calcium and magnesium are similar in their industrial effects. In 
water their amounts bear a more or less definite relation' to each other, 
most waters carrying 10 to 50 per cent as much magnesium as calcium. 
Both are precipitated on whatever is boiled in water containing them, 
forming a deposit that may interfere with later operations. They 
also decompose equivalent amounts of many chemicals employed in 
technical operations, causing waste and forming alkaline-earth com­ 
pounds that interfere with the later treatment of fabrics. These are 
the strongest incentives to preliminary softening. £ ome of the chem­ 
icals used to disintegrate the fibers in making pulp are consumed by 
the calcium and magnesium in the water supply, though the loss from 
this source is not nearly so great as that which occurs later when the

i Sadtler, S. P., A handbook of industrial organic chemistry, p. 4S3, PMtedelphia, 1900.



QUALITY OF WATBB. ' 249

resintsoap used in sizing the paper is decomposed by the calcium and 
magnesium. The insoluble soaps tteis created do not fix themselves 
on the ifibeis, but form clots and streaks. Similar decomposition of 
valuable cleansing materials and subsequent deposition of insoluble 
compounds take place in laundering, wool scouring,* and similar proc­ 
esses. In the manufacture of soap, calcium and magnesium form 
with the fatty acids curdy precipitates that are insoluble in vater and 
therefore have no cleansing value. They interfere with, many dyeing 
operations, neutralizing chemicals and changing the reactions,of the 
baths, besides forming insoluble compounds with many dye*. Very 
soft water, on the other hand, is said to be undesirable in pst)er mills 
for loading papers with any form of calcium sulphate because such 
waters dissolve part of the loading materials.1 Probably waters high 
in chlorides would also be bad for this purpose, because chlorides 
increase .the solubility of calcium sulphate.

CARBONATE.

The effects of carbonate and bicarbonate in waters used in industrial 
processes are commonly not differentiated. It is not unusual to 
estimate the combined carbonic acid and to state it as the carbonate 
without distinguishing between carbonate and bicarbonate, though 
in many natural waters the carbonate radicle is absent and the com­ 
bined carbonic acid is in the form of bicarbonate. If hard waters 
proportionately high in carbonate and low in sulphate are boiled, the 
bicarbonate radicle is decomposed, free carbonic acid is given off, 
and the greater part of the calcium and magnesium is precipitated. 
Consequently waters of that character are generally more desirable 
for industrial operations than waters high in sulphate and low in car­ 
bonate, whose hardening constitutents are not greatly reduced by 
boiling.

SULPHATE.

Hard waters with sulphate predominating are desirable ir. tanning 
heavy hides, because they swell the skins, exposing more siM-face for 
the action of the tan liquors.2 Sulphate interferes with crystallization 
in sugar making by increasing the amount of sugar retained in the 
mother liquor.

CHLORIDE.

High chloride is usually accompanied by high alkalies. Appreci­ 
able amounts of chloride are injurious in many industrial processes. 
Beverages and food products, of course, can not be treated with 
waters very high in chloride without becoming salty. In tanning, 
chloride causes the hides to become thin and flabby.2 Animal char­ 
coal used in clarifying sugar is robbed of its bleaching power by

»Cross, C. F., and Bevan, E. J., A textbook of paper making, p. 294, New York, 1900. 
2 Parker, H. N., and others, The Potomac River basin: U. S. GeoL Survey Water-Supp'y Paper 192, 

p. 1&4,1907.
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absorption of salt. The quality of sugars is affected by chloride- 
bearing waters, because saline salts are incorporated in the crystals.1 
The only commercially developed way of removing chloride from 
water is distillation. As the cost of this process has been greatly 
reduced by use of multiple-effect evaporators, it is vrorth considera­ 
tion where chloride-bearing waters must be used.

ORGANIC MATTER.

Organic matter of fecal origin is, of course, dangerous in any water 
that comes into contact with food products, and water so polluted 
should be purified before being used. Care in this respect is par­ 
ticularly necessary in creameries, slaughterhouses, canneries, pickle 
factories, and sugar factories. Organic matter not necessarily capa­ 
ble of producing disease is further undesirable in industrial supplies 
because it induces decomposition in other organic materials, like 
cloth, yarn, sugar, starch, meat, or paper, rotting and discoloring 
them, and because it causes slime spots on fabrics by supporting algae 
growths.

HYDROGEN SULPHIDE.

Hydrogen sulphide (H2S), a gas with an odor like that of rotten 
eggs, occurs dissolved hi some ground waters. It is corrosive even 
in small quantities, and it also injures materials by discoloring and 
rotting them.  

MISCELLANEOUS SUBSTANCES.

Silica and aluminum are usually not present in sufficient quantity 
appreciably to affect any industrial process, except those in which 
water is evaporated. Large quantities of sodium and potassium, by 
adding to the amount of dissolved matter, are objectionable in some 
manufacturing operations. Phosphates, nitrates, and some other 
substances not noted in this outline interfere with industrial chemical 
reactions, but they are present in few natural waters in sufficient 
quantity to have noticeable effect.

QUALITY IN RELATION TO GEOLOGIC SOTFBCE. 

GENERAL RELATIONS.

The wells in the part of San Diego County covered by this paper 
derive their supplies from (1) pre-Cretaceous crystalline rocks and 
the residuum resulting from their decomposition, (2) Tertiary and 
older sedimentary formations, and (3) Quaternary valley fill. Of 
the 121 samples of ground water that were analyzed1 or assayed, 17 
were derived from the residuum, 26 from Tertiary or older sedimen­ 
tary formations, and 78 from valley fill. (See pp. 251-258 and Table 
46, opposite p. 222.)

Table 51 shows the range in total dissolved solids and the average 
content of dissolved solids in the samples analyzed from each of the

i De la Coux, M. A. J., L'eau dans 1'Industrie, p. 152, Paris, 1300.
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three geologic divisions. Only analyses of samples from walls sup­ 
plying water are included in the results given in Tables 51 and §4 
and in the discussion following, samples from oil wells (F7, IT16, and 
K37) being excluded. Analyses of water from wells F7, ET16, and 
K37 are given in Table 57, pages 260-261.

TABLE 51. Comparison of quantities of total dissolved solids a in iwters analyzed from
different geologic sources.

Geologic source.

Valley fill.... ...........................................................

Number 
of sam­ 
ples.

5 
17 
25

Total disr^lved solids 
in parts per million.

Range.

392-2, 55T 
274-3, 401 
320-5,061

Average.

1,125 
1,183 
1,516

a Taken from analyses published in this report.

The table shows a wide range in mineral content in the waters 
within each of the three groups and the average mineral content in 
all of them is rather high. As the formations differ from each other 
both in origin and in composition, it might reasonably be c,xpeeted 
that the waters obtained from them would show considerable differ­ 
ences in quality, but the differences are not very marked.

The similarity between the waters from the different geologic 
sources is evident also when the quantities of different chemical con­ 
stituents are compared; and they are, moreover, similar in tl <vt they 
show about equally wide range in chemical composition. O e the 47 
well waters analyzed 43 are of the sodium-chloride type, 3 are calcium- 
carbonate, and 1 is sodium-carbonate. The average chloride con­ 
tent of all the 47 waters analysed is 496 parts per million, the average 
for waters from valley fill being 566 parts, for waters from Tertiary 
and older sediments 450 parts, and for waters from residuum 304 
parts per million.

The analyses of ground waters from this area, as given in Table 
57, pages 260-261, show so wide a range in chemical composition, 
regardless of location or geologic source, that it is not possible accurately 
to predict the quality of a water that may be found in any part of 
the area. However, rather highly mineralized sodium-chloride 
waters, fairly satisfactory for use for domestic supplies and for irri­ 
gation, and very bad for use in boilers, are greatly predominant in 
San Diego County and may be regarded as typical for the aroa.

WATER FROM RESIDUUM.

The residuum of the highland basins, as described on jrige 71, 
is derived mainly from coarse granitic rocks by the chemic**! alter­ 
ation of some of their mineral components and by the solution and 
removal of some chemical constituents by percolating water. During
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the early stages of -rock decomposition the only apparent change 
consists ©f a granulation of the surficial parts of a formation whereby, 
instead of a dense, hard rock, there remains a disintegrated mass that 
crumbles at a touch of the hand and yields readily to excavation by 
means of a pick and shovel. The pore spaces are enlarged and the 
water-bearing capacity of the rock" is greatly increased by decom­ 
position, so that where topographic conditions are favorable and dis­ 
integration extends to a considerable depth, material of this kind 
may be an important source of ground water. The residuum in 
many of the highland valleys is favorably situated, and the disinte­ 
gration reaches depths of as much as 100 feet, and in many places 
the formation yields sufficient water for the irrigation of farm lands.

The chemical quality of the water in residuum is determined by 
the solubility of the mineral substances in the residuum and the 
length of time that the waters remain in contact with these sub­ 
stances, except where the residuum has been contaminated by sea 
water, by highly mineralized surface water, or by water issuing from 
sedimentary deposits that contain much soluble mineral. The waters 
in the residuum take mineral matter into solution very slowly, and, 
except where they have been contaminated from other sources, they 
may be expected to contain only small quantities of dissolved solids. 
There are probably many places in San Diego County at which waters 
of low mineral content may be obtained from reriduum, hut only 
two samples were collected for analysis during this investigation.

Analyses of these two samples, which are believed to fairly repre­ 
sent the quality of water in uncontaminated residuum, and their 
classification for use as domestic supplies for irrigation or in boilers 
are given in Table 52.
TABLE 52. Partial analyses and classification of two samples of water from uncon­ 

taminated residuum.
[Parts per million. S. C. Dinsmore, analyst. Numbers at bead of columns refer to corresponding num­ 

bers on Plate II.]

Silica (SiOjs).-. ..........................................................
Iron (Fe)...... ............. .............................................
Calcium (Ca)-~ .........................................................
VtHTnns''^Tn t^S) - --------- . .-- __-_.-_

B*«»rl)pwtaradicle(HC08).............................................
ftiipl»tet»dlcle(SO«)..... .............................................
Ori»fHM»«Be|e(Cl)...... ................................................

Total dtsaotasdseBdsat 180* C........ ..................................

Cl«

57
.10

62
28
15

.0
229

14
66
10

392

270
Ca-COs.

Fair.
Good.
Poor.

Nov. 21.

H 186

47
.03

38
26
87

.0
171

13
157

10
490

202
Na-CL

Fair.
Fair.

Nov. 24.

a Dug well 65 feet deep on Red Mountain ranch, 3 miles east of Fallbrook, in SW. £ sec. 15, T. 9 S., 
R. 3 W.; see also corresponding number in Table 46, opposite p. 222.

ft Drilled well 74 feet deep, of Nick Andersen, in Santa Maria Valley, about 14 miles south of Ramona 
post office; see also corresponding number in Table 46, opposite p. 222.

e Calculated.
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These samples do not afford conclusive evidence of the qurlity of 
water in the residuum of the highland area, but they are a* l^ast 
consistent with the belief that such waters generally contain 
small or moderate quantities of dissolved mineral matter; and1 in 
absence of more information it is reasonable to expect that 
highland valleys underlain by residuum or decomposed granite 
furnish water of good quality, similar to the samples described above, 
provided no highly mineralized water passes into the residuum from 
deposits of valley fill or other sources, a possibility indicated by the 
results of analyses of water from residuum in highland basinf;

Waters that have circulated through valley fill or the old**? sedi­ 
mentary formations of this area are generally highly mineralised, 
but it is also probable that some residuum waters may ow> then- 
high mineral content to prolonged contact with mineral subf tamces 
of the residuum itself. The residuum is almost as porous as valley 
fill, and it is more porous than most of the Tertiary sediments; so 
that the amount of surface presented to the solvent action of per- 
colatingf water is very great. The movement of ground water is 
generally slow, even under most favorable conditions, and in the 
flat-floored basins of the highland area it is in some places hardty 
appreciable. In such places ground water may remain in contact 
with the rock particles long enough to permit the solution of consid­ 
erable quantities of mineral matter. So far as this invest'oration 
has shown, long contact is the only reasonable explanation of the 
presence of mineral substances in solution in waters from the resid­ 
uum where they are obviously not contaminated by seepag* from 
sedimentary formations; it is certainly responsible in some treasure 
for the quality of residuum waters, whether there is seepage from 
sediments or not. It is possible that the high mineralization of 
gome of the waters from residuum in this county is also due to pro­ 
longed contact.

WATER FROM THE TERTIARY AND OLDER SEDIMENTARY FORMATIONS.

Most of the Tertiary and underlying Cretaceous formation that 
are penetrated by wells in the western part of San Diego County 
were deposited in sea water, and as shown by the record of the 
Balboa oil well (see p. 55), which penetrated sedimentary forma­ 
tions to a depth more than a mile below sea level, most of the 
beds, at least nine-tenths of the known section, still lie below sea 
level. Moreover some of the beds that now lie above the level of 
the sea have been submerged in Quaternary time. It is to be ex­ 
pected, therefore, that waters derived from the beds which rtill lie 
below sea level and from those above sea level that-are most resistant 
to the leaching action of percolating water will yield waters contain­ 
ing large quantities of mineral matter.
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In addition to mineral substances derived from r«*a water, there 
are the soluble salts contained in the materials that make up the 
formations. Where shales and sandstones, especially those of the 
San Diego formation, are exposed in section they are commonly 
coated with a white efflorescence due to leaching ac d deposition by 
water that percolates through the beds and evaporate^1 on the exposed 
surfaces. These coatings are concrete evidences of readily soluble 
mineral matter in the deposits and explain the high mineral content 
of waters derived from them.

Partial analyses were made of 20 samples from wells that draw 
their supplies from Tertiary and older sedimentary formations. The 
results (excluding analyses from oil wells, F 7, K16, and K 37) show a 
high average concentration, 1,183 parts per million of total dissolved 
solids. There is a very wide range in quantities of total dissolved 
solids, from 283 to 3,409 parts per million, and there are correspond­ 
ingly wide ranges in the quantities of the different mineral constit­ 
uents, so that it is not practicable to indicate a water that would 
typically represent Tertiary supplies (see Table 54). The quality 
does not vary consistently with depth or location but depends on 
local stratigraphic conditions at individual wells. As, however, most 
of the waters already obtained from this source are highly"mineralized 
sodium-chloride waters, fan* or poor for domestic use, poor for irriga­ 
tion, and very bad for boilers, water of this type may in general be 
expected from new wells.

Most of the wells that draw then* supplies from T?Hiary beds are 
on terraces where the soil is heavy and much less pervious than the 
soils in areas underlain by valley fill. These soils are not naturally 
well drained and it is not probable therefore that waters classified as 
poor for irrigation can be successfully applied on them unless ade­ 
quate means are provi.ded for artificial soil drainage.

Of the 17 water-well samples analyzed from Tertiary beds 10 were 
classified as poor for irrigation, 6 as fair and 1 as good. It is a matter 
of interest that the sample classified as good for irrigat;on was obtained 
from a well (K 30) that had been drilled especially to provide water 
for irrigation, and that although this water comes from a stratum 
620 feet below the surface, nearly 1,000 feet below the top of the 
San Diego formation, it is one of the least mineralized waters obtained 
in the county. The contrast between this water and - the water 
obtained from the Balboa oil well (K 37), which at present draws 
its supply from different horizons between the depths of 900 and 5,000 
feet, is shown in the following table:
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TABLE 53. Partial analyses and Classification of waters of extreme types fr&r, Tertiary
deposits.

[Parts per million.]

Silica <8lOi).. ......................................................

Calcium (Ca>... .....................................................
Magnesium (Mg)... .............. ..................................

Carbonate radicle (COa). ......... ....................... ..........

Sulphate radicle (SO*)..... .........................................
Chloride radicle (Cl)........... .....................................
Nitrate radicle (NO,)..... ..........................................
Total dissolved solids at 180° C..... .................................

K30.«6

32 
1.3 

22 
10 
36 

.0 
69 
20 
62 
12 

274

96 
Na-Cl.............
Good.............
.....do............
.....do............

Mar. 16, 1918......
Alfred A. Cham­ 

bers and C. H. 
KidwelL

K37.»e

44 
Tr. 
550 
27 

2,565 
.0 

26 
1,381 
3,965 

.00 
8,764

1,490 
Na-Cl. 
Urfit. 
Ba-i. 
Ve-y bad.

June 9. 1915. 
S. C. Dinsmore.

a Number on Plate II.
6 Drilled well of Roger Topp, Ex Mission San Diego, Murphy Canyon, Calif.; see also (xrrresponding 

number in Table 46, opposite p. 222.
c Oil well of Balboa Oil Co., Pueblo Lands of San Diego, Calif.; see also corresponding num'ier In Table 

46, opposite p. 222.
d Calculated.

Waters as good as that from well K 30 probably can not be com­ 
monly expected from this source, and, on the other hand, waters as 
bad as that from well K 37 are not likely to be encountered in many 
wells. Table 54 presents the averages of analyses of Tertiary waters.

TABLE 54. Average quantities of certain constituents in 17 waters analyzedfroiv. Tertiary
and older formations.a *>

Chloride radicle (Cl). ....................................... ..............................

Parts per 
million.

, 224
128
450
395

1,183
d 283-3,409

o Based on analyses published in this report. 
6 Omitting analyses of oil wells, inapt Nos. F 7, K16, and K 37. 
c Computed.
d Total solids In water from Balboa oil well, map No. K 37 (Table 57, pp. 260-261 )=8,764 parts per 

million.

WATER FBOM VALLEY FILL.

The valley fill in the area covered by this report is found principally 
in the valleys of the major streams (see p. Ill) and consists mainly of 
unconsolidated sand and silt. Layers of coarse materials, such as 
gravel and boulders, are encountered in some places, particularly at 
or near the bottom of the valley fill, but constitute a very small part
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of the deposit. The valley fill occupies ancient steep-walled valleys, 
and is therefore sharply bounded on the sides and bottom by the 
formations in which the valleys were cut. In the highland area the 
bodies of valley fill are surrounded by crystalline rocks and residuum; 
in the coastal belt they are for the most part surrounc^d by Tertiary 
deposits. The major stream valleys cross both the highland area 
and the coastal belt, and the valley fill occurs, not in continuous 
deposits but in isolated bodies separated by bedrock exposures, as 
shown on the geologic map, Plate III, so that along some drainage 
courses water passes successively over several distinct deposits of fill. 
The drainage carried by Hatfield Creek, for example, is collected in 
a catchment area underlain by crystalline rocks and is discharged into 
Santa Maria Creek, whose valley contains a large deposit of valley 
fill. This deposit extends down Santa Maria Creek only as far as 
the west side of the Valle de Palmo. The creek ther. passes over a 
crystalline rock bed, carries water that has traversed valley fill in 
the Ramona basin, and empties into San Dieguito River in San 
Pasqual Valley. San Pasqual Valley contains a deep deposit of 
valley fill which extends west to the foot of Bernardo Mountain. 
From Bernardo Mountain to the head of San Dieguito Valley, which 
begins at the western edge of the highland area, San Dieguito River 
flows over a crystalline rock floor, and finally, through San Dieguito 
Valley it flows over valley fill. Sources of recharge in valley fill near 
the coast are:

(1) Direct rainfall on the valley fill, (2) surface drahtage, (3) 
springs and underground drainage from crystalline rocks and gra­ 
nitic residuum, and (4) springs and underground drainage from the 
Tertiary sedimentary formations.

Passing eastward from the coast, drainage from the Tertiary sedi­ 
ments first ceases to be a source of recharge; and finally, as the highest 
valley-fill deposits are reached, drainage from other valley fill. Thus 
in the highland basins the sources of recharge in valley fill are" (1) 
direct rainfall, (2) surface drainage, and (3) springs an'i undergrotind 
drainage from crystalline rocks and granitic residuum.

The chemical composition of the water in any deposit of iraftey nil 
is determined by the mingling of waters from all the different sources 
of recharge, aad by the solution of mineral substances contained in 
the valley fill itself. Twenty-five samples of water obtained from 
wells that draw their supplies from valley fill were analyzed; of these 
19 came from fill in the coastal belt and 6 from fill in highland basins.

The following table gives the averages of some of the constituents:
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TABLE 55. Average quantities of certain constituents in waters analyzed from valley fill 
in coastal belt and in highland basins.**
[Farts per million unless otherwise stated.]

Number of samples averaged..... .........................................

Sulphate mdicle (804)...... ..............................................
Chloride radicle (Cl).~ ....................................................

Total dissolved solids at ISO8 C............................................

Coastal belt.

19
363
215
689
513

1,801
320-^5,060

Highland 
basins.

6
219
69

179
269
614

352-«71

« Based on analyses published in this report. & Computed.

Thus, so far as shown by the analyses, the water from the fill of the 
principal valleys in the coastal belt contains about three times as 
much dissolved solids as the water from the fill of the major valleys 
in the highland area. According to the results of the analyses the 
waters from the fill of the highland area range in total d ̂ solved 
solids from 352 to 871 parts per million and average about 614 
parts per million,, whereas the waters from the fill in the coastal belt 
have a much wider range from 320 to 5,060 parts per million and 
average 1,801.

Though there is wide variation in the quality of water fron valley 
fill, it has not been possible to discover any consistent relation between 
this variation and the depth or location of the wells, except as indi­ 
cated above. The analyses indicate that in the valleys of the coastal 
belt waters from wells ending in valley fill are likely to be rather 
highly mineralized, sodium-chloride waters, fair or poor for irriga­ 
tion, and very bad for boilers. The waters of the coastal belt vary 
widely in their quality for domestic use; of the 19 samples analyzed 
2 are classed as good, 5 as fair, 5 as poor, 4 as bad, and 3 as unfit for 
domestic use. The analyses in this report indicate that waters from«/ J-

wells sunk in valley fill in the highland valleys may be expected to 
yield sodium-chloride.waters of moderate mineral content, fair for 
domestic use, fair for irrigation, and ranging from fair to very bad 
for boiler use.

With regard to the quality of these waters for irrigation, however, 
it should be remembered that, as stated on pages 234-235, the classifi­ 
cation is based on the quantities of dissolved salts harmful to plants, 
but that the texture of the soil and conditions affecting drainage of 
the soil may entirely prevent accumulation of alkali, so that under 
favorable conditions waters classified as poor for irrigation may be 
used successfully. A large number of wells are now being pumped 
for irrigation and the results have been sufficiently encoursoing to 
stimulate active interest in the use of ground water supplies for this 
purpose. That some care is necessary to insure success in the use

115536° 19 WSB 446  17
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of highly mineralized waters is, however, illustrated by a more or 
less accidental result obtained in Sweetwater Valley, where a well 
(O 22) drilled in Sweetwater Valley to the depth of 900 feet encoun­ 
tered an artesian flow of very salty water (see Table 59, p. 263) in 
Tertiary beds underlying the valley fill. Being unfit for use it was 
permitted to run unchecked for a number of years, and it is said that 
land for a considerable distance down the valley became seriously 
damaged by salt water. The water in this well is said to have gradu­ 
ally decreased in salinity, however, and the flow was finally stopped. 
According to information obtained from gardeners in the vicinity the 
land that had been damaged by this well has gradually improved. 
Owing to the high porosity of valley fill in this area and the favorable 
conditions for soil drainage, and especially owing to the natural 
flushing of the lowlands during flood seasons, it is believed that in 
general the use of valley-fill waters for irrigation will cause no serious 
alkali trouble.

QUALITY IN RELATION TO USE FOB IRRIGATION.

Irrigation at the present time is almost entirely confined to areas 
underlain by valley fill and residuum, which together comprise an 
exceedingly small part of the region and are naturally so well adapted 
to irrigation that injurious effects of poor waters are likely to be slow 
to manifest themselves. Valley fill and residuum lands are much 
better adapted to the use of highly mineralized waters than are the 
terrace or mesa lands underlain by Tertiary deposits, because both 
the valley fill and the residuum are much more pore TIS, and hi most 
places they are naturally well drained, so that there is probably no 
serious danger of the soils becoming so highly impregnated with 
alkali as to inhibit the growth of plants.

The lands on Linda Vista and Otay mesas, however, owing to the 
density of the soils and underlying rocks, may present difficult prob­ 
lems if ways are found to bring them under irrigation.. These lands, 
reaching hi unbroken stretches over hundreds of square miles, con­ 
stitute by far the largest part of the coastal belt. (See PI. II.) They 
are covered by tillable soils, probably as good and in some places 
even better than valley lands now cultivated, but they remain almost 
entirely unoccupied because of the absence of wate". Water is, of 
course, the first need; its quality, provided it is not unfit for irriga­ 
tion, being a minor consideration and the chemical problems that 
may be encountered in irrigation will no doubt appear trifling after 
overcoming the difficulties of obtaining the water.
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This investigation did not afford an opportunity to make a detailed 
study of the quality of surface waters. However, seven samp1^ were 
obtained from selected localities and the results of their analysis are 
given in the following table:

TABLE 56. Partial analyses** of surface waters. 

[Parts per million. Alfred A. Chambers and C, H. Kidweil, analysts.]

Constituents.

Silica (SiOs)...... ..............
Iron(Fe)................-......
Calcium (Ca).......... .........
Magnesium (Me). ..............
Sodium and potassium(Na+£)&

Bicarbonate radicle (HCO8) ....

Chloride radicle (Cl) ............
Nitrate radicte (N03) ...........
Total dissolved solids at 180° C. . 
Date of collection (1918) .......

1

278
13

' .18
23
7.0

33 
.0

119 
23
26

Tr.
188 

Mar. 16

2

42
34
1.4

18
7.1

18 
.0

79 
21
18

.40
176 

Mar. 8

3

o 7

34
.06

33
17
26 

.0
129
50
36

Tr.
264 

Man 7

4

120
32

.42
31V 12
56 

.0
145 
32
68

.22
307 

Mar. 16

5

56
37

.09
40
12
64 
7.2

1S3 
32
65

Tr.
346 

Mar. 10

6

52
32

.Of
37
18
49 

.0
18S 

40
55.ie

323 
Mar 1C

7

12
39

.04
50
19
77 
5.8

251 
30
87

Tr.
429 

Mar. 10

a For methods used in anlyses and accuracy of results, see pp. 222-223. 6 Comprted.

1. San Luis Bey Biver (Escondido canal intake, sec. 32, T. 10 8., E. 1 E.), about 3 miles east of Bincon 
Indian Agency. Calif.

2. Santa Ysabel Creek about 7 miles northeast of Ramona, Calif. (SW. 1 sec. 17, T. 12 S., F,, 2 E.). 35 
second-feet in creek Mar. 6,1918.

3. San Diego Biver about 15 miles northeast of Lakeside, Calif. (NE. J sec. 2, T. 14 S., R. 2 E.). 7.8 
second-feet in river Mar. 7,1918.

4. San Diego Biver at Mission dam, about 7 miles west of Lakeside, Calif, (at bench marv near west 
boundary of El Cajon land grant). 189 second-feet in river Mar. 16,1918.

5. Sweetwatar River at Dehesa, Calif, (sec. 14, T. 1.6 S., B. 1 E.). 14 second-feet in river Mwr. 10,1918.
6. Jamul Creek about 6 miles west of Dulzura, Calif, (southwest portion of Jamul land gran":). Sample 

collected at point below entrance of aqueduct from Cottonwood Creek sample is a mixture of waters 
from Jamul and Cottonwood creeks. The raw water forms part of the public water supply for San Diego, 
Calif.

7. Cottonwood Creek about 5 miles southeast of Dubsura, Calif. (N. \ sec. 26, T. 18 S., B. 2 K.). Water 
from Cottonwood Creek is diverted at Barrett dam into Jamul Creek. 5 second-feet in river Mar. 10,1918.
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TABIE 59. Incomplete laboratory assays of water from wells and springs.

[Parts per million; samples collected June. 1915; assayed by S. C. Dinsmore. For record' of wells and 
springs, see corresponding numbers in Table 46, opposite p. 222.]

No. on PI. H. Iron (Fe)
Carbonate Bicarbon 

radicle
(COg).

ate radicle 
HCOs).

Solplnte 
radicle

Chloride
radicle
(C3).

C 2...-.-;........,.................................. Tr.
F2.................................................. Tr.
P 3.................................................. Tr.
F 4.................................................. Tr.
G 17....-...  ..................................... Tr.
G 18................................................. Tr.
H 2.....-.-.......................................... Tr.
H 3....-............................................. Tr.
H 4.................................................. Tr.
H 5.................................................. Tr.
H6.................................................. Tr.
 K2A................................................. Tr.
K33................................................. Tr.
K35................................................. Tr.
K36................................................. Tr.
K38................................................. Tr.
K.&................................................. Tr.
K 43..................................-.-..-......... Tr.
E46................................................. Tr.
K48................................................. Tr.
K49................................................. Tr.
K 50................................................. Tr.
K51................................................. Tr.
K52................................................. Tr.
L6.....  .:........................................ Tr.
L6.................................................. Tr.
L 8.................................................. Tr.
L10................................................. Tr.
L 11................................................. Tr.
L12................................................. Tr.
L14................................................. Tr.
L15................................................. Tr.
L16................................................. Tr.
L 20................................................. Tr.
L 23................................................. Tr.
L 24................................................. Tr.
L 27................................................. Tr.
L 31................................................. Tr.
L 38................................................. Tr.
L 39................:........................-...-... Tr.
L40..........-........~............................ Tr.
L 41.......   ....................................... Tr.
L42................................................. Tr.
O 19................................................. Tr.
O21................................................. 0.34
O 22................................................. Tr.
O 34................................................. Tr.
O 35................................................. Tr.
O 37................................................. Tr.
O 41................................................. Tr.
O43................................................. Tr.
O 44................................................. Tr.
O 47................................................. Tr.
O 51................................................. Tr.
OS2...............^..-.............................. Tr.
O 53................................................. Tr.
O 54................................................. Tr.
O 55................................................. Tr.
O 56................................................. Tr.
O 57................................................. .09
PI................................................. Tr.
P 2........-......---................................ Tr.

168
217
630
346
344
346
234
224
161
217
193
56
227
471
256
395
364
112
461
476
283
146
315
168
390
159
163
163
154
361
271
163
398
190
171
188
178
266
178
293
307
263
476

30
144
183
251
249

 300 
354 
298 
429 
271 
53 

290 
288 
337 
207

84 
37 

431 
35 
SO 
104 

Tr. 
Tr. 
Tr. 
Tr. 
Tr. 
Tr. 

74 
r3 
376 
406 
4<M 
56 

476 
1?1 
56 

Tr.
ITS 

Tr. 
215 
49 

Tr.
38 

Tr. 
118 
64 
56 
42 

Tr. 
61 
66 
46 
50 

Tr. 
Tr. 

37 
37 
1(0 
36 

1114 
138 
49 
61 
30 

Tr. 
Tr. 
Tr. 

256 
222 
97 
229 
108 

Tr.
82 
-81
83
36

39
85

703
188
515
167
42
46
SO
39
50
60
213
348
238

1,050
813
135
788
177
181
60

366
99
419
60
64
35
209
426
149
121
284
106
501

256 
60 
163 
202 
96 
518 
217 

1,160 
1,300 
440 
422 
199 
170 
156 
170 

1,260 
511 
195 
387 
217 
121 
177 
185 
19"9 
249
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TESTS OF PUMPING PI*A3*TS.

By C. H. LEE. 

PURPOSE OF TESTS.

Examinations and tests of pumping plants of various types were 
made by the writer in June, 1915, to determine uncSr actual condi­ 
tions on the farm the efficiency of pumps and the over-all efficiency 
of pumping plants and the cost of pumping water for irrigation.

The efficiency of a pump is the percentage of the useful work done 
to the total power delivered to the pump. The difference between 
the efficiency and 100 per cent represents the power which is wasted 
by friction in the pump but which must be paid for by the owner 
of the plant, who should therefore understand clearly the conditions 
that tend to increase or decrease the proportion o* power wasted. 
The efficiency of a pump as measured at the well is very commonly 
much below that claimed by the manufacturer's catalogue and the 
sales agent, chiefly because the pump is operated under conditions 
entirely different from those for which its efficiency was determined 
for the manufacturer's catalogue. Thus, although the manufacturer's 
rated efficiency can probably be realized under the prescribed condi­ 
tions of head, speed, and discharge, the actual ef^iency realized 
under the conditions prevailing where the pump is us^d may be much 
lower.

Moreover, the efficiency of the pump may be much greater than 
the over-all efficiency of the plant, owing to loss of energy in trans­ 
mission from the motor or engine to the pump. The efficiency of 
pumps and plants can be shown only by tests made on plants actually 
installed. Such tests not only assist the owners of pumping plants 
to determine whether their plants are operating efficiently and 
economically, but also furnish a basis for rules that should be followed 
in selecting and installing new plants.

The result of such tests that is perhaps the most valuable to the 
irrigator is the determination of the cost of pumping water for irriga­ 
tion. In this day, when so much is said and written to show what 
enormous profits may be made by irrigation with pumped water, 
there is great need of careful investigation to determine as accurately 
as possible the most economical method of pumping for irrigation 
under every set of local conditions. To the farmer who contemplates 
putting in a pumping plant for irrigation, the investigation furnishes 
a means of determining whether it is likely to be a paying investment; 
to the farmer who is already operating a plant, a comparative study 
of the cost of pumping in other plants may indicate whether his water 
is costing too much and may suggest methods by which the cost 
can be decreased and the profits increased.
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The pumping plants selected for tests were only those which could 
be considered representative of type of well, formations penetrated, 
and choice and manner of installation of machinery, plants of very 
poor design or in bad repair being, so far as possible, avoided. Tests 
were made of seven motor-driven plants and of one gasplino-engine 
plant, but as the test of the gasoline-engine plant did not prove 
satisfactory the results were rejected. The owners and operators of 
the plants cooperated heartily, and the success of the tests is due in 
no small degree to the valuable assistance and information they so 
cheerfully furnished.

METHODS USED IN TESTS. 

EQUIPMENT.

The following equipment was carried and used as reqrired to 
supplement permanent equipment found at the plants:

1 0-300-pound pressure gage. 
1 vacuum gage. 
1 small Price current meter. 
1 Fahrenheit thermometer. 
1 100-foot steel tape.
1 stop watch.
2 speed indicators. 
1 email spirit level. 
1 hand level. 
1 4-foot folding rule. 
1 hook gage, reading to 0.001 foot. 
1 Cippoletti weir board, with 24-inch crest.
Miscellaneous email tools, euch as drills, pliers, screw driver, wrenches, }-inch pipe 

nipples, and fittings for use with gages.

The,pressure gage was calibrated against a standard and wrs found 
to be correct when registering more than 9 feet of water pressure. 
The vacuum gage was new and checked closely with one known to 
be correct. The current meter, which had been recently rat«d, was 
hi excellent condition. The Cippoletti weir board was made pf 1-inch 
redwood and was 6 feet long and 2 feet wide; the notch was 7 inches 
deep and 24 inches long on the bottom; galvanized sheet iron was 
fastened to the upstream face of the notch with screws ard nails, 
and the wooden edge was beveled on the downstream side so as to 
insure a free fall of the water. A burlap apron was tacked to the 
board on each side to prevent the water from leaking around the weir.

MEASUREMENTS AND COMPUTATIONS.

Discharge. "Wherever possible the discharge, or the quantity of 
water being lifted by the pump, was measured by the portable 
Cippoletti weir, a temporary pond with earth banks being prepared 
and the weir board placed at one end and thoroughly puddled into
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the bank. A hook gage fastened to a stake driver, upstream from 
the weir was used for reading the head of water over the crest of the 
weir. The discharge was then determined from standard tables of 
discharge for Cippoletti weirs. In two tests tho discharge was 
measured with the current meter; in two others it was determined 
by measuring the change in depth of water in a circular reservoir 
during the period of the test.

Head. The head against which a pump must operate is often erro­ 
neously considered as the vertical distance between the water surface 
in the well during pumping and the point of free discharge or, when 
the discharge is submerged, the level of the water in the reservoir 
or standpipe. The actual head, however, is always greater than this 
static head, for the pump must also operate against a head made up 
of the losses due to friction in the discharge and suction pipes. 
Pump efficiency computed from static head alone is therefore too low. 
In these tests the total head was obtained/Where poss;ble, by installing 
pressure and vaccum gages and observing the pressure heads and 
suction heads, and adding to this observed head the r^easured vertical 
distance between the center of the pressure gage *»,nd the point of 
insertion of the vacuum gage. This method give? the true total 
head against which the pump operates and includes the difference of 
elevation through which the water is lifted as well ap the head due to 
losses by friction in the suction and discharge pip°s. It does not 
include the head represented by the velocity of discharge, and 
although engineers differ in opinion as to whether it should be credited 
to the pump, it was not taken into account in these tests.

Where it was impossible to install the pressure ard vacuum gages, 
the total head was determined by adding to the difference in elevation 
between the surface of the water in the well and the point of discharge, 
the head lost by friction in pipe and bends, computed by the usual 
hydraulic formulas.

Speed. The speed of motors and pumps was measured by means of 
a speed counter and stop watch. In plants provided with belt trans­ 
mission from motor to pump, loss of power in transirission was deter­ 
mined by measuring the speed of both drive and pump pulleys as 
nearly simultaneously as possible. Several readings- were made dur­ 
ing each test, and the mean result was taken as the determined speed.

Water horsepower. "Water horsepower," as the term is used in 
these tests, is the product of the discharge in gallons per minute by 
the weight of a gallon of water in pounds by the total head in feet, 
divided by 33,000, the number of foot-pounds per nrinute equivalent 
to one horsepower. Total head is the head made up of the static 
head plus head due to losses by friction in sucticn and discharge 
pipes.
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Power input. The power input of the pumping plants, all o* which 
were motor-driven electrical plants, was measured in kilowattr at the 
beginning and the end of the test by reading the watt meters installed 
by the power company. The difference between these readinjTS gave 
the number of kilowattrhours of power used during the period of the 
test, from which, the meter constant and the duration of the test in 
hours being known, the power input in kilowatts was computed and 
reduced to horsepower. In all the tests the speed of the meter disk 
was read and the power input in kilowatts was computed as a check 
on that obtained from the meter readings. The number of ki'watts 
as derived from the meter readings was used in all the tests except 
one, as it gave a better average determination for the power input, 
from which the plant efficiency was determined.

Horsepower input at pump. The horsepower input at the pump^ 
used in determining pump efficiency, was computed by subtracting 
from the electrical horsepower input at the motor the power lost in 
the motor and in the transmission from motor to pump. The'power 
lost in the motor was computed from the efficiency of the motor as 
shown by the efficiency curves furnished by the manufacturers. 
Part of the loss in belt transmission was determined by comparing 
the measured speed of the pump pulley with its theoretical speed as 
computed from the measured speed of the drive pulley and tH ratio 
of pulley diameters. Other belt losses are small and no atteirot was 
made to determine them. The loss in gear transmission was com­ 
puted by Goodman's empirical formula for efficiency of toothed gears.

Pump efficiency. The pump efficiency is the ratio of the water 
horsepower to the horsepower input at the pump. In many efficiency 
tests of installed irrigation pumps the loss in transmission between 
motor or engine and pump has been charged to the pump. This 
practice is manifestly unfah* to the pump, and care was tf.ken in 
these tests and computations to obtain as closely as possible the 
actual power input at the pump.

Plant efficiency. The plant efficiency is the ratio of the water 
horsepower to the electrical horsepower input at the motor, an deter­ 
mined from the wattr-meter readings of power consumed durng the 
test. It differs from pump efficiency in that it includes, beside such 
losses as those in pump and piping, the losses in the motor and in 
transmission from motor to pump.

RESULTS OF TESTS. 

PUMPING PLANT AT WELL O 132.

The plant at well O 132 is in Tia Juana Valley, 2 miles southeast 
of Nestor, in sec. 34, T. 18 S., K. 2 W., and is owned by C. M. Eichard- 
son. It was tested June 19, 1915, at which tune it had l^m in 
operation two years.
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The equipment consisted of a 20-horsepower, ?-phase, 220-volt 
motor, rated at 1,200 revolutions per minute, direct-connected to a 
6-inch centrifugal pump, rated at 900 gallons per minute at 1,120 
revolutions per minute when operating against a 40-foot head. The 
discharge pipe was 8 inches in diameter and 19.5 fee+f long.

Pump and motor were placed in the bottom of a circular concrete 
pit, 12 feet in diameter and 12 feet deep, a shed housing all. On a 
level with the bottom of the pit was a horizontal suction pipe, 8 inches 
in diameter and 76 feet long, from which vertical connections 9 feet 
long were dropped into each of two drilled wells, 72 feet apart, sunk 
to a depth of 68 feet below the surface of the ground, lined to the 
level of the horizontal suction pipe with 12-inch casing perforated 
along the lower 12 feet.

The pressure gage could not be used with the low head existing, 
so that the total head was obtained by adding the suction head as 
observed with the vacuum gage, the measured vertical distance be­ 
tween vacuum gage and point of discharge, and the estimated head 
lost by friction in the discharge pipe. The discharge was measured 
with the current meter in a wooden flume that cr.rried the water 
from the pump. The power input was obtained from readings of 
the watt meter at the beginning and the end of the test.

Summary of results of test at well 0 132.

Duration...............................:........... .hours. - 1
Speed of motor......................revolutions per minute. - 1,120
Speed of pump..........:............................ do.... 1,120
Depth of normal water level below the ground surface (approxi­ 

mate)............. ..................................fe?t.. 9
Drawdown (estimated)...............................do.... 27
Total head (estimated)...............................do.... 44. 5
Discharge..............................gallons per minute.. 1,120
Water horsepower........................................... 12. 6
Power input................................kilowatt hou^s.. 14
Power input...................................horsepower.. 18. 75
Motor efficiency...................................per cent.. 88
Horsepower input at pump.................................. 16. 5
Pump efficiency..................................per cent. - 76. 5
Plant efficiency......................................do.... 68. 5

PUMPING PLANT AT WELL K 41.

The plant at well K 41 is in Mission Valley, about 5 miles north­ 
east of San Diego, and is owned by C. A. Van Houten. It had been 
in operation six months when the test was made, June 21, 1915.

The equipment included a 20-horsepower 3-phase 220-volt motor, 
rated at 1,200 revolutions per minute, direct-connected to an 8-inch 
centrifugal pump having a discharge pipe 10 inches in diameter and 
16.7 feet long. The suction line ranged from 8 inches to 4 inches
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in diameter, the horizontal part being composed of 120 feet of 8-inch, 
60 feet of 6-inch, and 60 feet of 4-inch pipe.

Pump and motor were in the bottom of a circular concrete pit, 
8 feet in diameter and 9.5 feet deep. From the horizontal part of 
the suction line, which extended out from and on a level ^th the 
bottom of the pit, a 4-inch pipe, 35 feet long, extended into each of 
five drilled wells, spaced 60 feet apart, sunk to an average depth of 
80 feet, and lined with 10-inch standard screw casing, wlich was 
perforated with drilled holes along the lower 10 feet in ea^h well; 
the well casings extended only to the suction line. One of the wells 
was directly below the bottom of the pit and the others were out­ 
side. The well farthest from the pump was in an open pit extending 
from the horizontal suction pipe to the surface of the ground; the 
other wells were buried.

Two test runs were made. The pressure gage could not be used 
at the low head existing, and the total head was obtained \>y adding 
the suction head as observed with the vacuum gage, the measured 
vertical distance between the vacuum gage and point of di^dharge, 
and the estimated head lost by. friction in the discharge pip^. The 
pump was leaking air badly during both tests, and just at the con­ 
clusion of the second run entirely stopped delivering water. The 
discharge in the first run was measured by current meter in the ditch 
that carried water from the plant; for the second run it we« meas­ 
ured by both weir and current meter, the two determination^ checker 
ing closely. The power input for both runs was obtained from 
readings of the speed of disk in the watt meter.

Summary of result^ of test of well K 41.

Duration ..................................
Spend of pump --_--__-__--_____---.__.-._...__._ .do. . . .
Depth of normal water level below ground sur&ee (approximate) ............. .feet . . 
Drawdown <* (approximate) .. <5o

...................................do....

First 
run.

1.3*? 
1,170 
1,170

8

32.7 
529.5 

4.4 
15.4 
15.61 
87 
13.6 
33 
28

Second 
run.

1.35 
1,170 
1,170

22
36.7 

614. 
5.7 

16.9 
17.21 
87 
15.0 
38 
33

a Final drawdown at end of second run after five hours continuous pumping; the rest of the data for 
the two runs being taken during this time.

PUMPING PLANT AT WELL O 115.

The plant at well O 115 is 1^ miles south of Nestor, on tl *> north 
edge of Tia Juana Valley, in sec. 34, T. 18 S., R. 2 W., and i* owned 
by W. E. Williams. The test was made June 24, 1915, at which 
time the plant had been in operation two years.
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The equipment consisted of a 5-horsepower 3-pha^ 60-cycle 220- 
volt motor, rated at 1,800 revolutions per minute, belted with. 3|-inch 
4-ply stitched canvas belt to a centrifugal pump with 3 f-inch suction. 
The discharge pipe was 4 inches in diameter and 21.5 feet long. The 
suction pipe was 4 inches in diameter and 27 feet lorg.

The motor was on the ground-surface level, housed in a shed, and 
the pump was set in the bottom of an open-dug pit, 5 feet square 
and 7.5 feet deep, curbed with redwood boards. The belt connecting 
pump and motor ran through an inclined trench, the motor and 
pump being spaced 17.8 feet, center to center. From the bottom of 
the pit a single drilled well, lined with unperforated 10-inch casing 
and drawing water only from the bottom, was sunk to a depth of 
56 feet.

The plant was in poor running order. The curbing was in bad 
condition, a result of the wet weather of 1914-15. The bottom of the 
pit was a bog of quicksand, silt, and water, and streams of water 
were entering the we'll casing. The slush and water with which the 
pump pulley and belt were in continuous contact caused much slip­ 
page in the belt and very uneven discharge. The discharge was 
measured with the 2-foot Cippoletti weir. Owing to the impossi­ 
bility of installing the vacuum and pressure gages, the total head 
was estimated by adding the measured distance from the average 
drawdown of the water level to the point of discharge and the esti­ 
mated loss of head due to friction in pipe and heeds. The power 
input was obtained from readings of the watt meter at the beginning 
and the end of the test.

Summary of results of test at well 0 115.
Duration............................"............ ....hours.. 1.1
Speed of motor......................revolutions per minute.. 1, 783
Speed of pump.......................................do.... 795
Depth of normal water level below ground surface.......feet.. 8.1
Drawdown...........................................do.... 15.25
Total head (estimated)...............................do.... 28.7
Discharge..............................gallons per minute-. 231.0
Water horsepower........................................... 1. 7
Power input..*..............................kilowatt hou*s.. 5.3
Power input-.--- -...-.....-...--..-.-...-...- -horsepower.. 6.45
Motor efficiency...................................per cent.. 86
Belt efficiency (assumed)..............................do.... 90
Power input at pump..........................horsepower.. 4.99
Pump efficiency..................................per cent.. 34
Plant efficiency........................................do.... 26

PUMPING PLANT AT WELL O 47.

The plant at well O 47 is 1| miles west of Nestor, in the SW. £ 
sec. 29, T. 18 S., R. 2 W., and is owned by Tucker and Evans. The 
test was made June 18,1915, at which time the plant had been oper­ 
ated two years.
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The equipment consisted of a 10-horsepower 3-phase 
220-volt motor, rated at 1,800 revolutions per minute, 
nected to a 4-inch centrifugal pump with rated discharge of 400 gal­ 
lons per minute at 1,740 revolutions per minute. The discharge 
pipe was 6 inches in diameter and 25 feet loag. The suction p;we was 
6 inches in diameter and 30 feet long.

The plant is of modern design*, the pump and motor being placed 
in a concrete pit 4.7 feet by 8.5 feet and 19 feet deep, a shed housing 
the whole. From the bottom of the pit a drilled well, with 12-inch 
casing, extended to a depth of 68 feet below the surface of thef»round. 
The casing was said to be without perforations, the water being 
drawn into the well at the bottom.

The total head was obtained by readings of the vacuum aad pres­ 
sure gages. The discharge was measured by the portable 2-foot 
Cippoletti weir. The power input was obtained from read :Tgs of 
the watt meter at the beginning and the end of the test.

Summary of results of test at well 0 47.

Duration............................................. houre.. 1.63
Speed of motor......................revolutions per minute.. 1, "i$%
Speed of pump........................................do.... 1, 782
Depth of normal water level below ground surface........feet.. 21
Drawdown.............................................do.... 21
Total head.............................................do.... 53.1
Discharge...............................gallons per minute.. 373.0
Water horsepower............................................ 5.01
Power input................................. kilowatt hours.. 13.0
Power input....................................horsepower.. 10.67
Motor efficiency....................................per cent.. 87
Power input at pump...........................horsepower.. 9.27
Pump efficiency...................................per cent.. 54.0
Plant efficiency....................................... do.... 47.3

PUMPING PLANT AT WELL O 102.

The plant at well O 102 is 1 mile east of Nestor, in the SE. } sec. 
27, T. 18 S., R. 2 W., and is owned by R. J. Jaeger. The t^st was 
made June 18,1915, when the plant had been in operation two years.

The equipment included a 10-horsepower 3-phase 220-volt motor, 
rated at 800 revolutions per minute, geared to a deep-well recipro­ 
cating pump with 8-inch cylinders and 154nch stroke, whos^ rated 
capacity was 243 gallons per minute at 40 strokes per minute. The 
discharge line was made up of 90 feet of 10-inch pipe and 112 feet of 
6-inch pipe. The suction pipe was 8 inches in diameter and 18 feet 
long.

Pump head and motor were placed at the ground-surface le^ei and 
were supported on timbers spanning an open dug pit, 4 feet square 
and 110 feet deep, curbed with concrete. From the bottom of the
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pit a drilled well, lined with 12-inch casing, extended to a deptli of 
20 feet below the bottom of the pit, the casing protruding 10 feet 
above the bottom of the pit.

The total head was obtained by adding the measured distance from 
the water level in the pit during pumping to the point of discharge 
and the estimated head due to losses from friction in the discharge 
and suction lines. The discharge was obtained by measuring the 
depth of water at the beginning and end of the test in a concrete cir­ 
cular reservoir. The power input was obtained from readings of 
the watt meter at beginning and end of test.

Summary of the results of test at well 0 10%.

Duration.............................................hours.. 2.1
Speed of motor.......................revolutions per mirute.. 862.2
Speed of pump...........................strokes per mirute.. 25.4
Depth of normal water level below ground surface........ feet.. 84.0
Drawdown..................................... .. . .... Inappreciable.
Totalhead (estimated)....................-...... ......feet.. 97.4
Discharge...............................gallons per mirute.. 116
Water horsepower............................................ 2.9
Power input...........'..................-.. .kilowatt hours.. 13.0
Power input................................... -horsepower.. 8.32
Motor efficiency.................. . ...............per cent.. 86
Power input at pump...........................horsepower.. 7.15
Pump efficiency °..................................per cent... 40.6
Plant efficiency....................................per cent.. 35.0

PUMPING PLANT AT WELL L 24.

The plant at well L 24 is about half a mile north cf El Cajon and is 
owned by Joseph Miller. The test was made June 22, 1915, when 
the plant was only 3 months old.

The equipment consisted of a 5-horsepower 3-phase 60-cycle 
220-volt motor, rated at 1,709 revolutions per minute, direct-con­ 
nected to a centrifugal pump rated at 225 gallons per minute when 
pumping against a 40-foot head. The pump suction was 1\ inches 
in diameter, and the suction pipe was 4 inches in diameter and 26 
feet long. The discharge pipe was 3 inches in diameter and 32.85 
feet long.

The plant was thoroughly modern and well equipped. Pump and 
motor were set in the bottom of a water-tight concrete pit, 5 feet in 
diameter and 25 feet deep, protected by shed housing, and distant 
about 8 feet from the open dug well, 7.5 feet in diameter and 50 feet 
deep, curbed with concrete. The normal water level was thus 
always above the level of the pump and hence no priming was re- 

. quired. About 7 feet up from the bottom of .the well five 2-inch

o Pump efficiency includes loss in gears of pump head, which is standard equipment of the manufac­ 
turing concern, and therefore is a loss whose effect should be included in the pump efficiency.
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«uger-iiole borings extended radially from the well, for disfmees 
ranging from 60 to 131 feet, into the Water-bearing residuum.

The head was obtained by readings of the vacuum and pri-*8sure 
gages. The discharge was measured by means of the 2-foot Oippo- 
Jbtti weir. Hie power input was obtained by readings of the watt- 
neter at beginning and end of test.

Summary of the results of test at well L %4.

Duration............................................hours.. 20.8
Speed of motor (average)...........revolutions per minute.. 1,714
Speed of jwHBp.......................................do.... 1,714
Depth of normal water level below ground surface.......feet.. 9.5
Drawdown..........................................do.... 20.8
Total head..........................................do.... 46.3R
Discharge................... v .........gallons per minute.. 156
Water horsepower......................................... 1.83
Power input................................kilowatt hours.. 73.6
Power input...................................horsepower.. 4.74
Motor efficiency...................................per cent.. 85
Power input at pump..........................horsepower.. 4.04
Pump efficiency..................................per cent.. 45.3
Plant efficiency......................................do.... 39.3

PUttWNG PLANT AT WELL L 98.

The plant at well L 98 is 2 miles east of El Cajon and is owmd by 
Charles Bentiby. The test was made June 23 and 24, 1915, at which 
t: me the plant had been in operation 11 months.

The equipment consisted of a 5-horsepower 3-phase 6f»-cyclr 220- 
^'olt motor, rated at 1,800 revolutions per minute, connected by a 
^ry short 3-inch leather belt to the pump head of a duplex displace- 
T«it pump, with cylinders 5 inches in diameter and stroihe 27 
Vches. There were 61.2 feet of 6-inch suction and discharge pipe 
^.d 47.7 feet of 4-inch discharge pipe.

The well Was a dug pit, 7 feet 2 inches in diameter for the first 6 
V^t (where it was curbed), 4 feet 6 inches in diameter to a depth of 20 
'fn&, and 6 feet in diameter for the remainder to a total depth of 68 
V«it. There were no laterals. Pump and motor were supported on a 
V %tform~over the pit and the whole was housed by a shed. The 
T"Uey wheel to which the motor was belted operates a train of gears 
 * hich finally operates the connecting rods of the pump cylinders. 
Fie belt showed much tendency to slipping. Considerable vibration 
V the pump rods was observed.

Tests were made for three runs. The total head in each run was 
i^termined by adding the measured distance from the average water 
,.,vel in the well to the point of discharge and the estimated head lost 
11 friction. The discharge was determined by measuring the depth, 
:J the beginning and end of the test, in the circular wooden tanlr that 

115536° 19 WSP 446  18
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received the water. The power input wag p^twned from readings of 
the wattmeter at .beginning and end of test.   ; ;? :

Summary of results of test at well L !f8. *

SptWl of drive pnllny on pump .. _ ........ ... . ____dn____
Depth of normal water level below ground surface (approximate) . . .feet. . 
Drawdown a.......... ................ - -- -- --..-----------.do ...

............................do....

r<-st
. run.

1.2
1.769 

258 
11

62.9 
82.0 
1.3 
3.05 
3.41 

84 
90.0 
2.57 

51 
38

Second 
ran.

0.45 
1,766 

258

24.73 
77.1 
75.2 
1.5 
1.1 
3.27 

84 
90.2 
2.48 

60 
45

Third 
run.

0.98 
1.750 

262

56.5 
79.9 
1.1 
2.55 
3.37 

84 
89.9 
2.54 

45 
34

o Drawdown reached at end of second run after 3 hours and 35 minutes continuous pimping, during 
which other data for runs 1 and 2 were obtained.

DISCUSSION OF TESTS AND COST OP PTTBIPING.

ESTIMATES OF FIXED CHARGES.

The results of the foregoing tests are summarized in Table 61, 
in which are included also data concerning the ccst of pumping at 
each plant.

Information as to the cost of the plant and well, the cost of repairs 
and attendance, the number of hours during the year each plant was 
run, and the unit cost of fuel was obtained from the owners of the 
plants. For estimating the fixed charges of interest, depreciation, 
repairs and maintenance, taxes and insurance, it ^as assumed that 
tihe percentages in Table 60 represent nearly the ritual costs under 
these heads for the average pumping plant in San Diego County.

TABLE 60. Assumed fixed charges for pumping plants, expressed as per cent of total cost
of plant. ' *

'" '
Gasoline-

BTfjiirift

pint.

8
6
3
1

18

Motor-
driven
plant.

5
6
1
1

13
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The rate oi depreciation of pumping plants vsiies through an 
enormous range, not only as a whole but in its several parts. It de­ 
pends mainly on the skill and care of the attendant. The assumed 
percentages give a fair estimate of cost of depreciation where reason­ 
able care in attendance is exercised. The actual coH of repairs and 
maintenance is difficult, and for some plants impossible to determine, 
owing to the fact that few owners of pumping plants keep accurate 
account of such expenses, and even if a record has b?en kept it does 
not cover a sufficient number of years to give a figure that will 
represent the average annual cost of repairs and maintenance. The 
percentage assumed is, therefore, based largely on data gathered in 
previous investigations of the cost of pumping in ott er localities.

None of the owners of tested plants reported expense of attendance 
as part of the cost. This failure to report it does not mean that the 
plant required no attendance, but that the owner himself spends as 
much time as is necessary in caring for the plant during his odd 
moments. Strictly speaking, charge for the tim^ spent by the 
farmer in that way should be added to the annual cost, for though 
motor-driven plants require little or no attendance while running, 
gasoline-engine plants sometimes require a great de&l of attendance. 
However, if the plant is in good running order the rmount of neces­ 
sary attendance is small and its cost is usually negligible.

The investigations of plant and punip efficiency and cost of pump­ 
ing, summarized in Table 61, cover only in part the range of condi­ 
tions of installation of pumping plants; for, so far ap possible, plants 
were selected which were in good repair and of good c'ssign. They do, 
however, cover the range of capacities and equipment commonly 
found in small pumping plants used for irrigation, and the results, 
therefore, indicate those that may be obtained in plants which are 
of reasonably good design and are maintained in good running order. 
A study of the table brings out some very interestir? facts.

PUMP EFFICIENCY.

Centrifugal pumps ranged in efficiency from 34 per cent for a 3^-inch 
pump to 76.5 per cent for a 6-inch pump, the efficiency increasing, 
other things being equal, with the size of the pump. The efficiency 
of 76.5 per cent fof the 6-inch pump (well O 132) aiH 45 per cent for 
the 2^-ineh J>uiap (well L 24) is unusually high for pumps of these 
sizes, and shows not only that the plants have been yell designed and 
are in good running order, but that during the laH few years the 
manufacturers have greatly improved the design of centrifugal 
pumps for small pumping plants for irrigation. Th n, efficiency of 38 
per cent for the 8-inch centrifugal pump (well K 41) is low for a 
pump of that size, but is due to the fact that the p^unp was leaking 
air badly during the test. The efficiency of 34 per cent for the 3^-inch
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pump (well O 115) is also lower than it should be, but the reason is 
not apparent from the data obtained, except that the whole p?«nt was 
in poor running order.

The efficiency given by the tests of the reciprocating pur TO, may 
be considered fair and to fall within the 'limits of efficiency generally 
given by pumps of this type. :

PIANT EFFICIENCY.

The table shows plant efficiency rangingfrom 26 per cent to 68.5 per 
cent, the less efficient being, as was to be expected, the smaller plants. 
The range is that generally found in practice, although 08.5 per cent 
is unusually high. The efficiency of the plants equipped with- recipro­ 
cating pumps is not relatively high, that of the plant with th<^ duplex 
pump (well L 98) being much lower than it should have I^fflt, on 
account of the excessive loss in transmission due to belt slippage. 
The deep-well pump at well O 102 might have shown greater effi­ 
ciency in both plant and pump if it had been operating more n*>arly at 
its rated capacity and speed and for conditions more nearly suited 
to a pump of this type.

In regard to power consumed, the summary shows that urder the 
best conditions the larger motor-driven plants consume 1.1 kilowatts 
per water horsepower and the smaller plants about 1.0 kilowatts. "In 
this connection attention is called to the great increase in censump- 
tion of power due to poor repair or poor design of plant, as i« clearly 
shown in the tests of wells K 41 and O 115. The pump at woll K 41 
was leaking air badly at the time of the test; the pump at we'l O 115 
was either of poor design or in poor running order, and, moreover, 
was handicapped by excessive slippage of the belt. The o^'ners of 
such plants are paying much more for the water pumped than is 
necessary and could greatly reduce costs by making the necessary 
improvements or repairs, the expense of which would probably be 
small as compared with the loss resulting from running a plant in 
poor repair or of poor design.

COST OF PUMPING.

In regard to the cost of pumping total and in detail T T ble 61 
furnishes information of much interest. Hie cost of electricity for 
motor-driven plants is not so great a part of the expense of pimping 
as is commonly believed. For the plants tested, the relation of the 
annual cost of electrical power to the total annual cost ranged from 
40 to 63 per cent, the average being 55 per cent. This relation, of 
course, depends on the unit cost of electrical power and on thft length 
of time during which the plant is operated during the year, and may 
vary with the locality. The figures, therefore, indicate only the rela-
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tion that may exist for conditions similar to thor*> ua. San Diego 
County.  «' -.' 

The annual cost per water horsepower furnishes the. best means 
of comparing the economy of pumping plants as machines for pump­ 
ing water. For any type of centrifugal pump, the larger the pump 
the smaller the cost per water horsepower.

The annual cost per acre-foot of water pumped was, perhaps, the 
item of greatest interest to the owners of the plants tested, and it 
affords also a basis for rough estimate of the total annual cost of 
pumping for any known area and duty of water. The annual cost 
per acre-foot for the plants tested ranges from $c ,86 for a plant 
having a lift of 44.5 feet and a discharge of 120 gallons per minute to 
$14.69 for a plant having a lift of 97 feet and a discharge of 116.5 
gallons per minute. Out of thirteen motor-driven pumping plants 
near Pomona, Cal., tested in 1905,1 the annual cost per acre-foot of 
water pumped ranged from $1.96 for a pump having a head of 22.5 
feet and discharging 992 gallons per minute to $10.20 for a plant 
having a head of 122.4 feet and discharging 494 gaUor<» per minute.

For the plants using centrifugal pumps, the annual cost of pumping 
per acre-foot of lift ranges from about $0.09 to $0.40. For four of 
the seven plants tested the costs range from $0.09 to $0.14, amounts 
that are more nearly representative of the usual range in cost of 
pumping water for plants of this type. Out of seven motor-driven 
plants equipped with, centrifugal pumps near Pomora, Calif., tested 
in 1905,2 the annual cost of pumping per acre-foot of water per foot 
of lift ranged between $0.07 and $0.45, but in five of these tests the 
cost was less than $0.16. The high cost of pumping at well O 115  
$0.40 per acre-foot per foot is a striking illustration of the large 
increase in cost due to poor repair or poor design of p^ant. The cost 
at well O 115 is about four times as large as at weU L 24, in which 
the pump is smaller. The same relation is shown r\ less degree at 
well K 41, where the annual cost per acre-foot per foct of lift is about 
$0.14, whereas at well O 132, which is equipped with r pump of about 
the same size, the cost is $0.09.

Another cause contributing to the high cost of pumping at well 
O 115 a cause which must be taken into consideration is the 
relatively small time during the year in which the pKnt is operated. 
The fixed charges, which make up a large part of the annual cost of 
pumping, continue at about the same rate whether tl ^ plant is being 
operated or not, and all computations in this report f,re based on the 
assumption that they do continue at the same rr.te. Therefore, 
other things being equal, the longer the period of operation during

1 Le Conte, J. N., and Tait, C. E., Mechanical tests of pumping plants in California: IT. 8. Dept, Agr. 
Office Exper. Sta. Bull. 181, p. 56,1907.

2 Idem, p. 60.
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he year the smaller-will be the unit cost of pumping the water.; If, 
for example, the plaiit at well 0 115 was operated 3,000 hours during
he year instead of 230 hours, the total number of acne-feet pumped 

">er year would he 12S£;7, the cost of electricity would be $£63.50, 
°<nd the total annual cost $$II8;50; the cost per acre-foot j»ef foot of 
'ift would-then be about $0.17. * This illustration shows clearly how 
Treat a factor the length of the pumping season is in the total cost
->f an acre-foot of water.. There' is ordinarily more or less oppor­ 
tunity for choice between a pump of small capacity to be operated 
l?or a long period and a pump of larger capacity to be operated for a
- horter p®ri@d. The first cost of a plant of small capacity is les^ than 
chat of a larger one, and hence the annual fixed charges are smaller, 
'^here are, of course, other factors of equal importance in the selec­ 
tion of pumping machinery which are not to the advantage of the 
"vmall plant. For example, the use of a small plant requires a longer 
T>eriod of irrigation and of attendance in operation than the USB of a 
arger plant and,also gives a lower efficiency.

The cost per acre-foot of pumping with the reciprocating pumps is 
"hown by the results of these tests to be high compared with that for 
lhe centrifugal pumps. The tests made are not strictly comparable, 
however, on account of differences in lift and capacity, but they show
*he limitation ;in head and capacity for which reciprocating pumps
 ?an be economically used. The lifts^under which these pump^ were 
operating are too small for their economical use. Pumps of this
*;ype are best suited for pumping small quantities of water from 
depths of 100 feet or more.

SELECTION AND INSTALLATION OF PUMPING MACHINEPY. 

GENERAL CONSIDEEATIONS.

The following suggestions are offered as a guide to the successful 
selection and installation of small pumping plants for irrigation. 
They are based on the best experience and« practice, not only in San 
Diego County but throughout the regions in which ground water is 
lumped for irrigation.

1 he problem of selecting and installing pumping machinery ir much 
more difficult than Eftany suppose. Acting on the advice of some
 mles agent who has little or no knowledge of the proper selection 
anc installation offJp^Emj^# many farmers have bought pumps that 
are not well adapted ipr .the conditions of head and discharge under 
"vhich they must ogemte, or have selected and installed a gr>«idlj$ue 
engine or an electric moto^ which has either too little power and thus 
Till not operate ihe pump at the desired capacity, or has much more 
power than is.necessary and thus causes undue loss of energy in 
operation at part load. In many plants that use belt transmission
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between pump and motor or engine the pulleys -w* isRproperiy pro­ 
portioned or there ia excessive belt slippage, so $t»t the pump, or the 
engine, or the motor, or possibly all, may b$ rmniag at improper 
speed. The problem not only includes a choice cf the proper size 
and type of the various units of the plant, b»t a choice of * method 
of installation that will insure operation at $&e Wgl <*st efficiency and 
furnish the desired quantity of water at a Bpftmrawr cost.

Mistakes in selecting and installing pumping machinery are expen­ 
sive, and anyone who contemplates installing a pumping plant that 
involves an expenditure of $600 or more for equipment would do well 
to consult some reputable engineer, experienced in the design, selec­ 
tion, and installation of pumping plants for irrigation.

PUMPS. 
CAPACITY OF PTOP.

The capacity of the pump required to furnish w^.ter for irrigation 
depends on the area to be irrigated, the total depth of water necessary 
for properly irrigating the crop, and the length of the period of oper­ 
ation. The advantages and disadvantages of continuous operation 
with pumps of small size as compared with a shorter period of oper­ 
ation with pumps of larger size have been briefly disci issed on page 279. 
As a rule, a period of operation from one-half to oft^third the length 
of the irrigation season is most desirable. Unless reservoirs are used, 
the pump should be large enough to give a stream svfficient to irrigate 
without great loss. To irrigate even the smallest orchard the dis­ 
charge should be at least 5 to 10 miner's inches (45 to 90 gallons a 
minute), and for a crop of alfalfa on the sandy soils usual in San Diego 
County 50 to 75 miner's inches (450 to 675 gallons p°,r minute) would 
be a minimum. On the other hand, the capacity of the pump is 
limited by the maximum yield obtainable from the well.

To illustrate the problem of determining the n$cpssary capacity of 
pumps: Assume a 4fr-acre farm planted to alfpjff*. which requires 
3 acre-feet of water per acre for an irrigation season of six months, 
a quantity equal to an application of a total dep.th of 6 inches of 
water each month. For continuous operation, 24 hours a day, the 
necessary capacity of the pump would be 150 gr.llons per minute 
(16.6 miner's inches); for half-time operation, or fifteen 24-hour 
days during the month, a stream twice as large, or 300 gallons per 
minute (33.3 miner's inches), would be required; and for a one-third 
period, a stream three tiines as large, or 450 gallons per minute (50 
miner's inches) would be required. 11 it were desired to run only 10 
hours a day and to operate 15 days a month a puirt> capacity of 720 
gallons per minute (80 miner's inches) would be riKiuired. For the 
usual sandy soil on which alfalfa is grown in Sau Diego County it
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would probably be found best to put on only a 3 or 4 iaeh depth of 
water af each irrigation and to use a head as large as would be 
economically feasible. A good practice would be to irrigate .twice 
a month with about 3 inches each time, each irrigation peric4 lasting 
twelve 10-hour days, the six days intervening between sneeessisre 
irrigating periods being used for making any needed repairs to tJae 
plant. On this schedule of irrigation a pump capable of applying 
450 gallons per minute (50 miner's inches) would be require*!. Such 
a pump would furnish a stream large enough to be used economically 
with the common method of irrigation by portable pipse.

The size of pump of the type selected must be determjuaHl from a 
study of the manufacturers' catalogues. In selecting %«i size of 
pump the fitness of the pump for the conditions of head and discharge 
under which it is to operate should be carefully considered. AS a 
rule, each manufacturer makes only one size of stock pnmp that 
will give the highest efficiency when operating under the given 
conditions of head and discharge, and this pump must be r^u at the 
one speed corresponding to the head pumped against. TJbe land of 
power and the manner of connection between, pump and motor 
must also be borne in mind, as either may limit the speed at which 
the pump is to operate. Thus, if a centrifugal pump is to be direct- 
connected to a motor, a pump must be selected which will erierate at 
the high speed at which motors generally run and which will at the 
same time give a high efficiency under the given conditions-of dis­ 
charge and head; if the pump is to be belt-connected to P. gasoline 
engine, one run at a lower speed would probably be best suited to 
the conditions.

TYPE OF PUMP.

Classification of types. The required capacity of th$ pua?p having 
been determined, the type of pump must next be selected. Although 
pumps of many types are used for pumping water for irrigation, three 
main types, which will cover all combinations of conditions, have 
been found most suitable the centrifugal pump, the powe 1" plunger 
or piston pump, and the deeprwell reciprocating pump. Kotary 
pumps of certain types are used in a few plants but are adapted only 
for pumping water that is clean and free from saad. Air lifts are 
feasible only for large plants and, because of their low efficiency, 
should be used only under special conditions; they are not suited for 
use in small pumping plants for irrigation.

Each of these types of pumps is particularly adapted to a certain 
set of conditions, the limits of which ar© well recognized, notwith­ 
standing the fact that some manufacturers of pumps of om special 
type may claim that their pump is suitable for use under all condi­ 
tions, without regard to economy in operation, capacity, head, or 
practical difficulties of operation.
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Power pfamger*pwmps. Power plunger pumps, either duplex or 
triplex/^ Kre adapted to pumping small quantities- of water, usually 
less than 160 to 200 gallons per minute, against heads* exceeding 75 
feet, where the depth of water in the well below the ground surface 
during pumping does not exceed about 25 feet. For such conditions 
the cost of fuel or electricity used for pumping is relatively small 
and the plunger pumps are more efficient than centrifMgal pumps of 
such small capacity. The first cost of the plunger p^imp per unit 
capacity is high compared to that of centrifugal pumps. If a capacity 
much over 200 gallons a minute is required the advantage of cheaper 
fuel or electricity may be more than offset by the higher fixed charges 
on the first cost, and hence a centrifugal pump of lowe" first cost per 
unit capacity may become cheaper. Again, in order that it may be 
within suction lift of the water level, it is usually necessary to set a 
pump of this type in an open pit; therefore if the depth to water 
level becomes much greater than 25 feet, the first cost of the pit 
may offset the cheaper cost of fuel or electricity, r.nd a vertical 
centrifugal pump, or perhaps a deep-well centrifugal pimp, inclosed 
hi a steel casing may become cheaper on account of lower total first 
cost. The economical capacity of the power plunger pump is usually 
too small for irrigation of alfalfa and is best adapted to irrigating 
small orchards or truck gardens.

Deep*weU ree^oea$mg pumps. Deep-well reciprocal mg pumps are 
adapted to-pumping small quantities of water, usually not more than 
200 or 300 gallons a minute, from depths ranging from 100 to 400 feet 
below the surface of the ground. Under such conditions a pump of 
this type is more efficient than a centrifugal pump and the cost of 
fuel or electricity is less. However, the first cost of this pump is 
high per unit capacity as compared with that of the centrifugal pump, 
and hence, if the required capacity is much more than 200 gallons a 
minute, a vertical centrifugal deep-well pump inclosed in a steel 
casing may be found cheaper, on account of a smaller first cost. 
Most pumps of this type are too small for economical irrigation of 
alfalfa-and they are best adapted to the irrigation of small orchards 
or truck gardens.

Cenfyifuffal pwmps. The centrifugal pump in its various forms has 
an adaptability wider by far than that of pumps of any other type 
and it is more commonly used for pumping water for irrigation than 
all other types together. It is adapted to pumping water hi quantities 
ranging from 20 to several thousand gallons per minute, against 
heads ranging from a few feet to several hundred feet. Except where 
it is required to pump small quantities of water up to 200 or 300 
gallons a minute either from depths below the ground surface of 
at least 100 feet or to heights above the ground surface of more than 
75 feet, some form of centrifugal pump will usually be found cheapest
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and bpst to install and operate. The centrifugal pump musf always 
be placed within easy suction lift of the water level in the w^lVoare 
being taken to allow for the drawdown of the w«ter leve1 in the 
well during pumping as well a$ for natural fluctuataons of 4he growad- 
water level. In practice the suction lift should never exceed 20 feet 
and it should preferably be less.,

In general, where conditions, ;are such that either a vertical or a 
horizontal centrifugal pump can be used, the horizontal is to be pre^- 
ferred because of its ;hjgher efficiency and more perfect nmn^ng con­ 
ditions. The horizontal form can ordinarily be used only wt>ere the 
water level in the well is not more than 40 feet below tike surface and 
where its fluctuations during the season are small. In pnmping 
from wells where the depth to water is so great that the puir*> must 
be placed in, a pit more than 25 feet deep, or where there is a large 
fluctuation in the water level, or where both these conditions occur 
together, the vertical form of centrifugal pump is best f4apted. 
The vertical form requires a smaller pit than the horizontal form, and ' 
the motor or engine and belt connection, if used, are on the sTirface of 
the ground, so tiiat the pump may be run submerged. Evn if the 
depth to; the water were less than 40 feet, if fluctuations in water 
level were large the successful operation ojf a horizontal certrifugal 
pump might require that it be placed in a water-tight concrete pit 
to keep the .motor or the belt from becoming wet. The expense and 
difficulty of constructing such a water-tight pit might therefore make 
the use of the vertical form more desirable. The open-pit type of 
vertical centrifugal pump should not be used where the tfepth to 
ground-water level during pumping exceeds 75 feet.

Single-stage centrifugal pumps, especially designed and driven at 
a sufficiently high rate of speed, may be used to pump agair^t total 
heads considerably more than 100 feet, but usually the stock pump 
obtainable from the manufacturers is not suitable for heads greater 
than 75 feet for the large sizes and 50 feet for the smaller sizes. For 
greater heads compound or multi-stage centrifugal pumps are used, 
allowing 75 to 125 feet head for each stage..

During the last few years a new form of vertical centrifugal pump, 
commonly called the,turbine or deep-well centrifugal pump, 1 as been 
devised for pumping .from deep wells without the necessity of a pit. 
It is similar in form to tEe multi-stage pump except that the cHameter 
of runner is generally m$fje smaller, 12 to 30 feet of head being allowed 
for each stage, the lo^werlimit corresponding to the smaller capacities. 
As tEe pump is always placed below the water level and run suj ^nesfped 
no priming is necessary. The pump parts and vertical shafting 
are installed inside a steel casing 12 to 30 inches in diameter, and 
this casing, which is usually larger than the well casing, is connected 
to, the well casing just below the bottom stage of the pump. Power
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is supplied above tke ground surface. Pumps of this type are adapted 
to pumping quantities of water ranging from 200 to 2,000 gallons or 
more a minute from depths ranging from 75 feet to 40*} feet below the 
surface of the ground. Many defects in the original design and op­ 
eration of centrifugal pumps of this form have been remedied by 
the manufacturers, and pumps of the larger capacities 900 to 1,000 
gallons a minute are now giving efficiencies as high as 70 per cent. 
Where the water level is more than 250 feet below the surface of 
the ground serious difficulties are still involved in the operation of 
pumps of this design. The hydraulic downthrust or the pump run­ 
ners, which it is difficult and usually impracticable to balance hy- 
draulically in a centrifugal pump of this form, is token up by the 
support bearing in the pump head at the ground surface, from which 
the pump and shafting are suspended. This method creates a 
tensional stress in the vertical shaft, which is thereby elongated, 
and with long shafts and large pumps the elongation may become so 

* great as to close up the clearance space allowed between the pump 
runners and casing and thus make operation impossible. Only 
the smaller sizes of pumps of this form, capable of furnishing not 
more than about 500 gallons a minute, seem at present adapted to 
use in wells in which the water level is 300 or 400 feet, below the sur­ 
face of the ground. Such pumps are now being usei in many wells 
under conditions for which the ordinary form of vertical centrifugal 
pump was formerly considered best suited. The d^ep-well centrif­ 
ugal pump is also used to advantage in getting a maximum yield 
from a p'oor well by placing the pump, far below the water level in 
the well, thus allowing a much greater drawdown than would ordi­ 
narily be possible with a pump of any other type.

POWER. 

TYPE OF POWER.

The choice of power for small irrigation pumping plants will usu­ 
ally lie between the internal combustion engine rnd the electric 
motor. In the last few years a modified form of the gasoline engine 
and a few special types of internal combustion engines have been 
developed which are capable of using the heavier distillates. Some 
of these engines have proved very successful and are of great value 
because of their use of cheap fuel. The cost of power in gasoline- 
engine plants and in motor-cMven plants varies locally with the price 
of gasoline and of electric power. It must be borr°. in mind, how­ 
ever, that the cost of power is not the only matter to be considered. 
Motors are cheaper in first cost per unit horsepower, depreciate less 
rapidly, are more efficient, and are more convenient to operate than 
gasoline engines. A gasoline engine may cost btit little (though 
this is somewhat uncertain) for attendance if kept in good running
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order, whereas a motor generally costs little for attendmee and 
repairs

If a ptsoline engine is selected care should be taken to inrtall only 
one made by a reliable manufacturer. The cheaper engine^ are not 
only flimsy and weak in certain parts but they are also overrated, 
that is> rated at a horsepower which they can attain only at speeds 
that are so high as to cause excessive depreciation. The spe&d of 
an engine of 6 horsepower or less should not exceed 300 resolutions 
per minute; for sizes above 6 horsepower the speed should decrease 
to 200 revolutions per minute or less.

SIZE OF ENGINE OK MOTOR,

The size of the engine or motor depends on the quantity of water to 
be pumped, the total head to be pumped against which must in­ 
clude not only the static head but the head due to losses by friction 
in the discharge and suction pipes and the efficiency of tlc<* pump.

The water horsepower must first be computed as the product of 
the quantity of water pumped, in gallons per minute, by tt^ weight 
of a gallon of water in pounds (1 gallon of water weighs 8.34 pounds), 
by the total head in feet,, divided by 33,000. The horsepower input 
necessary at the pump is then obtained by dividing this water horse­ 
power by the pump efficiency. The efficiency of the pumo should 
be determined from an actual test of the pump, and the high estimates 
of efficiency made by some manufacturers should be accepted with 
caution.

Motors and gasoline engines are rated on brake horsepower. If 
the motor or engine is direct-connected to the pump, the input at 
the pump will be the required brake horsepower of the motor or 
engine; if the motor or engine is connected to the pump by belt, 
chain, or gear, the required brake horsepower must be determined 
by dividing the input at the pump by the estimated efficiency of the 
transmission. It will usually be safe to estimate the efficiency of 
belt transmission at 90 to 95 per cent.

PIPING AND CONNECTIONS.

There are maay seemingly unimportant details in connection with 
the installation of pumping machinery which, if neglected, cause 
needless loss of energy and increase in cost of pumping. Many 
pumping plants give low efficiency simply because of defects in such 
details.

In general, the more direct the connection between the primp and 
engine or motor the better. For motor-driven plants the ideal 
method of applying power to the pump is by direct connection be­ 
tween motor and pump, as it eliminates the loss of power, more or 
less large, which is always involved in indirect transmission. Al-
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though this method is not always f easible, it should bo adopted wher­ 
ever possible. If belt transmission between pump and motor or 
engine is used the loss in power should be made as small as possible 
by decreasing, the amount of slippage in the belt. The pulleys ordi­ 
narily found on centrifugal pumps are so small that it is impossible 
to prevent undue slippage. Larger pulleys than sre usually fur­ 
nished for both pump and motor should be specified in ordering, say, 
not less than a 12-inch pulley on a 4-inch pump. It is, of course, 
necessary to have the pulleys on pump and motor of the proper pro­ 
portionate size so as to insure proper speed of both motor and pomp. 
Idler pulleys and countershafts should be avoided, r.s they increase 
the loss in power. The belt connection should be rot less than 16 
feet center to center of pulleys.

The foot valves installed in many pumping plantr at the bottom 
of the suction pipe usually interfere very materially with the flow of 
water into the pipe, and their use should be avoided. In their stead 
a check valve should be used, placed immediately above the discharge 
opening of the pump, or, better still, a flap valve which can be lowered 
over the upper end of the discharge pipe, as in this way the pump can 
be quicldy primed before starting by means of an ordinary pitcher 
pump connected to the top of the pump casing.

The suction and discharge pipes should be materially larger than 
the pump openings. The loss in friction depends on the size of the 
pipe. Doubling the diameter of the pipe, other thirgs being equal, 
reduces the internal friction head in the pipe to one thirty-second of 
its former value and reduces the head lost in discharge to one-sixteenth 
of its former value. The size of pipe should be at least 1 inch 
larger for sizes of pump less than 4 inches. The losse^1 at entrance to 
the suction and exit from the discharge pipes may be greatly reduced 
by installing a tapering pipe at the ends thereof, of a length about 
two and one-half times the diameter of pipe, and gradually increasing 
the diameter of the pipe to about one and tnree-four+/h times at the 
end. The pipe should have as few bends as possible, and sharp 
bends and turns in the piping should be avoided. All elbows and 
tees should be of the 'long-sweep" form, which m*y be obtained 
from the regular stock of the larger dealers at no greater cost than 
the fittings with sharp bends.
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CONTENIENT EQUIVALENTS.

The following list and tables of equivalents will be found convenient 
for use in hydraulic computations.

TABLE 62. Conversion table Rates of flow.

Cubic feet 
per 

second.

1
.02
.002,228
.604
.001,38

1.547

Miner's
inches 
(south­ 

ern Cali­ 
fornia, 
stand­
ard).

50
1
.1114

25.21
.0691

77.36

U.S. 
gallons 

per 
minute.

448.83
8.976
1

226.29
.62

694.44

Acre-feet 
per day 

Of 24 
hours.

L9835
.0397
.00442

1
.00274

3.07

Acre-feet 
per year 
of 365 
days.

723.97
14.48
1.613

365
1

1,120.14

U. 8. gallons 
per day of 24 

hours.

646,317
12,926
1,440

325,851
890

1,000,000

TABLE 63. Conversion table Pressure units.

Pounds 
per

square 
inch.

1
.4910
.4333

Inches 
of 

mercury.

2.037
1
.8826

Feet of 
water.

2.308
1.133
1

1 cubic foot of water weighs 62.4 pounds.
1II. S. gallon of water weighs 8.34 pounds.
1 cubic foot equals 7.48 U. S. gallons.
1 acre-foot equals 43,560 cubic feet, equals 325,851 IT. S. gallons.
1,000,000 cubic feet equal 22.95 acre-feet.
1 second-foot equals 50 miner's inches (southern California standard).
1 second-foot equals 40 miner's inches (California statute).
1 second-foot equals about 1 acre-inch per hour.
1 horsepower equals 0.746 kilowatts.
1 kilowatt equals 1.34 horsepower.

Water horsepower equate
second-feet of water X 62.4 X total head in feet 

550

gallonsof waterper minute X 8.34 X totalheadin feet 
°r 33,000

Required brake horsepower of motor or engine equals

________water horsepower___
efficiency of pump X efficiency of transmission.
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the Mississippi River to the Pacific Ocean: 33d Cong., 2d ses"< , S. Doc. 78, pp. 
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MENDENHALL, W. C., Development of underground waters in tin eastern coastal- 
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Defpft. Jtgr. Office Exper. Sta. Cii. 101,1910.
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    Ground-water supply and irrigation in the Rillito Valley: Arizona Univ. 
Agr. Exper. Sta. Bull. 64, pp. 201-222, 1910.
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'" u   
DETAILED PBBCIPITATION RE COEDS.

TABLE 64. Jfon£% and annual precipitation at 106 stations in or near 8$n
County, 

l^&t saatoBSry of records see Table 17, p. 79. An the means were compute1'* by a H. I**.}
Warner dam site (1): elevation, 2,702 feet. 

[Authority, Volcan Land & Water Co., W. S. Post, engineer.]

Season.

1911-12.............
1912-13.............
1913-14.............
1914-15.............

July.

O.R7
.15
.47

2.04

.88

Aug.

0.00
.68
.88
.00

.39

Sept.

0.39
.00
.15
.06

.02

Oct.

0.37
2.77
.23
.76

LOS

Nov.

0.13
1 4Q

3.64
1.13

l.ffl)

Dec.

1.98
08

1.70
5.07

2.21

Jan.

0.71
3 TO

10.71
11.16

6.58

Feb.

0.05
7.67
8.05it. at
6.15

Mar.

15.60
L58
3.10
2.30

5.62

Aor.

4.68
09

2.54
J«,OT

3.6S

May.

1 34
in

 

1 54

June.

0 19
.84
til

,!f»7
1C

Total.

Ad Of

f d ftti
Hi 1*9
43.70
*A QJ

Damrons (2); elevation, 2,725 feet. 
[Authority, Vole»a Laad & Water Co., W. S. Post, engineer.]

* 141 1 14
1912-13. ............
1913-14.............
1914-15.............

oG.45
.OS
.94
.44

.32

a oo
.27

3.19
.00

.87

0.16
.00
.34
.00

.13

0.20
2.%
.08
.25

.68

007
2.52
4.11
1.32

2.01

1.81
.02

2.01
fl.33

2.64

o.<«
3.7S
n.si
11.14

6.78

Tr,
$. 12r.m

13-89

7.74

16.08
3.62
*W*
,93

5.68

4.64t:nfctt
6.<M)

3.85

1.4?
.44
.12

.5.40

1.86

%80,m
.54
.09

.31
  -4«-

26.15
23.46
34.97
46.39

32.74

Monkey Hill (3); elevation, 2,81Q feet. 
[Authority, Volcan Land & Water Co.],

1911-12.............
1912-13.............
1913-14.............
1O1A_1K

4-y»w wat"* -----

o0.50
.40
.46
.66

.49

0.00
o.40
1.84
.00

.56

0.30
.00
.05
.00

.09

0.14
1.92
.08
.59

.68

Tr.
.«0

1.37
1.21

.79

0.69
.00

1.05
3.33

1.27

f>- a?
1JTO-
8.21
7.21

3.58

Tr
&8T
3.9ft
5.05

3.22

fi.03.m
4-% -;«

2.M

2.19
.33

1.M
116

i.fif

1.37
.05
.00
.74

' .54

ft. 18
.H

 Q*

.33

11.68
9.63

16.45
22.34

15.03

a Estimated.



PEECIPITATIOF BBCOBDS.

TAKLE M.- nd annual precipitation ofr 106 stations in «r near 
County Continued.

Wanter summer road (4)', elevation, 2,805 feet.

[Authority, Volcan Land & Water Co., W. S. Post, engineer.]

Season.

1911-12.............
1912-13 .... ... ...
1913-14... .........
1914-15.............

July.

oO.M
.50
.34
.93

.57

Aug.

0.00
.42

1.44
.00

.47

Sept.

0.35
.00
.02
.00

.09

Oct.

0.14
2.04

.06

.66

.73

Nov.

0.07
.79

1.79
1.47

1.03

Dec.

0.83
.38
.89

2.87

1.24

Jan.

0.46
2.45
6.77
8.01

4.42

Feb.

Tr.
3.97
5.18
7.28

4.11

Mar.

8.48
.79

t,.«7
.SO

2.7R

Apr.

2.80
.35

1.41
4,77

2.33

May.

1,43
.08
.00

1.21

.68

J"ine.

0.20
46
.14
.06

.14

Total.

15.26
11.98

,19.31
'27.76

18.57

Puerto La Cruz (5); elevation, 2,772 feet.

[Authority, Volcan Land & Water Co., W. 8. Post, engineer.]

1911-12.............
1912-13.............
1913-14.............
1914-15.............

oO.SO
.20
.41
.66

.42

0.00
.53

1.47
.00

.50

0.23
.00
Tr.
Tr.

.06

0.15
111
.12
.63

.75

0.12
.50

1.48
.98

.77

0.98
.02
.75

4.14

1.47

0.23
2.42
6.42
7.62

4.17

Tr.
3.97
5.25
7.03

4.06

7.82
1.17
1.20
.48

2.67

2.85
.40

2.21
5.43

2.72

1.05
.06
.00

1,12

.56

o.w
.15
.21
.07

.18

14.20
11 S3
19.52
2S.06

18.33

Deadmans Hole (6); deration, 3,200 feet.

[Authority, Volcan Land & Water Co., W. 8. Post, engineer.]

1911-12.............
1912-13.......:.....
1913-14..... .  ....
1914-15.............

00.75
.15
.33
.08

,11

0.00
.58

2.13
.04

.83

0.65
.00
.04
.05

2.46

0.20
1.73
.M
.57

3.80

Tr.
.61

2.46
.94

5.22

1.20
.00

1.09
4.45

4.69

0.21
1.50
7.42
9.64

1.69

0.05
5 77
6.79
8.26

1.00

9.81
1.18
1.76
2.44

.64

3.48
.50

1.59
4.28

.19

1.54
.10
.06

1.62

fiQ

0.17
.07
.09
.10

.32

18.06
19 1O
23.81
32.45

O1 A9

Pamo (7); elevation, 1,050 feet. 

[Authority, Volcan Land & Water Co., W. 8. Post, engineer.]

1911-12.............
1912-13... .........
1913-14.............

00.75
.04
.W

,3»

0.00
20

.00

.10

0.46
.09
.06

.27

0.32
2.08
.35

1.20

0.11
1.25
3.21

.68

1 *7

.10
1.47

.74

0,70.
2.14
W

1.4S!

0.00
4.71
(*)

2 OA

O 91

1.79'(»)

5.50

3.67
.95
(»)

0 <31

1.97
.22
(*>

1 AQ

0.14
.16
00
.15

18.70
 |Q 70

W
16.21

Santa Ysabel ranch (8); elevation, 3,000 feet

[Authorities: 1900 to 1910-11, S. Betanzi; 1911-1915, Volcan Land & Water Co., W. S. Post, engineer.]

1900-1901...........
1901-2..............
1902-3..............
1903-4..............
190*^5..............
1905-6..............
1906-7..............
1907-8..............
1908-9. .............
1909-10.............
1910-11.............
1911-12.............
1912-13.............
1913-14.............
1914-15.............

4-year means.......

00.35
2.50

3B

.00

.81

0.00
.50
.75
.00

.06

0.60
.00
im
05

.16

0.45
S.SO

.00
1.74

1.42

1.75
3 AT

1.05

1.64

1 S<\

.05
2 m
4.41

2.19

1.10
2.95
8 OR

10.70

5.75

0.10
2.57
6.00
9 00

4.42

19 9*C

3.20
1.40
3.45

5.08

4 05
1,35
3 OQ

7.00

3,90

i an
.55
00

i fin

1.05

O qq
.50
.90
.00

.43

91 4K

18.65
20.75
11.00
31.00
JQ AA

24.70
24.00
25.25
22.85

120.00
23.22
19.32
*M 00

ftQ OA

24.68

Estimated. & Abandoned; see No. 63,2 miles sooth of Volcan Land & Wats* Co.
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TABLE 64. <-Mon$tty and annual  precipitation at 106 stations in or tiesr San Diego
C&wiy Gontmued.

8ute Ysabel Store (»); elevation, 2,»8« feet. 

t Authority, Volcan Land & Water Co., W. S. Post, engineer.]

Season.

1911-12.............
1912-13.............
1913-14..:..........
1914-15.............

July.

00.35
.00
.69

1.20

.56

Aug.

0.00
.60
.78
.00

.45

Sept.

nO.60
.00
.00

Tr.

.15

Oct.

o0.45
3.70
.00

1 <;o

1 44

Nov.

00.30
ol.75
3.06
1.28

1.60

Dec.

2.05
a .05

2 03
3.70

1.96

Jan.

1.15
o2.95
8.48

5.30

Feb.

Tr.
o2.57
6.25

10.38

4.80

Mar.

13.97
oS.20
1.51
2.68

5.34

At»r.

4.12
ol.25
2.53
P. 43

4.44

May.

2.00
a .55

.00
5.98

2.13

June.

0.35
a .50
a .90

.00

.44

Total.

25.34
17.12
26.23
40.87

27.39

Witch Creek (10); elevation, 2,800 feet.

[Authority, J. Woods.]

1909-10. ............
1910-11.............
1911-12. ............
1912-13. ............
1913-14.............
1914-15.............

o0.35
.15
.30
00

.20

0.00
.60
.40
.00

.25

0.64
00

.00

.10

.19

0.65
4.00
.00

1.30

1.49

0.35
1.60
3.90
.90

1.69

2.00
.00

2.40
5.40

2.45

1.40
3.50
880
9.75

5.86

0.00
6.05
6.25

10.30

5.65

14.20
2.55
1.45
2.30

5.13

495
.75

f.10
e.oo
f.70

1.40
.55
.00

4.35

1.58

0.30
.50
.70
.00

.38

25.40
23.55
26.24
20.25
27.30
40.40

27.19

Ramona (Verlaqne) (11); elevation, 1,440 feet.

[Authorities: 1896 to 1910-11, R. L. Verlaque; 1911-1915, Volcan Land & Water Co., W. S. Post, engineer.

lftOft-07
1897-98.............
1898-99.............
1899-1900...........
1900-1961...........
1901-2..............
1902-3..............
1903-4..............
1904-5..............
1905-6..............
1906-7..............
1907-8..............
1908-9..............
1909-10.............
1910-11.............
1911-12.............
1912-13.............
1913-14.............
1914-15............. 

19-year means ......

0.00
.00
.00
.00
.00
.90
.25
.00
.00
.00
.00
.00
.00
.00
.00

a .20
.00
.20
.00 

.03

0.00
.00
.00
.00
.00
.m.m
.00
.00
,00,H5-
.00
.00

1,10
.00
.00
.33
.00
.00 

.09

0.00
.00
.00
.00
.00
.00
.00
.15
.00
.32
.30
.00

HO
.00
00

.45
00

.00

.00 

.08

1.95
1.55
.00
.75
.00
.40
.20
.35
.55
.20
.20

3.59
.45
,00

1.05
.28

1.35
.55

1.15

.77

1.37
.00
.75

1.50
3.55
.37

2 30
.00
.00

5.50
2.25
.45
.65

3.85
1.55
.00
.80

2.60
1.45 

1.52

1.90
.96

1.10
1.25
.00
.10

2.25
.00

2.30
1.13
5.42
1.10
1.30
7.30
.40

1.75
.00

1.50
3.10 

1.73

4.93
3.25
3.80
4.85
2.15
2.86
1.45
.32

4 3(1
130
5,15
5.04
7.45
3.25
5.25
.75

3 30
7.85
8.65 

3.96

5.93
.25

1.05
.15

fi.ld
2 83
8,60
2.28
9.83
4.17
1.28
3.96
4.85

.55
5.60
.00

4.79
4.75
6.95 

3.63

2.88
1.95
1.35
.85
.50

3.50
2, SI
4.25
7 98

11.80
3.49
1.92
3.05
2.07
1.75
9.80
1.40
.75
.97 

3.31

C.OO
.00
.00

1.80
.00
.80

s.n
.m

1.13
r.io

.58

.77

.00

.45
1.35
4.02
.20

oS.02
4.30 

1.25

0.00
1.35
.00

1.90
1.42
.00
.35
.35

2.12
1.13
.52
.47
.00
.00
.00

1.85
.37
.30

2.65

.76

0.00
.00

1.00
.00
.00
.00
,00
.00
.00
.00
.25
.00
.00
.00
.00
.20
.30
.00
.00 

.09

1ft QA

9.31
8.05

13.05
13.72
10.35
16.61
8.31

2S.60
28.65
20.24
17.30
18.05
18.57
16.95
W v\
11 84
20.52
29. 28 

17.25

Ramona (Sentinel) (12); elevation, 1,440 feet.

[Authority, Reed, Sentinel newspaper.]

1911-12.............
1912-13.............
1913-14...........1.
1914-15 .

4-yftftF itl^Wns

00.20
.00

a .20
.00

.16

0.00
.40
.00
.00

.10

00
.15
Tr.

.14

nO.25
1.35
.50

1.01

.78

0.00
.32

2.85
1.34

1.13

1.52
AA

1.20
3.15

1.47

0.67
1.85
6.35
6.78

3.91

0.00
4 50
3.87

a7.00

3.84

8.«2
.37
.60

1.30

2.72

3.75
s .20
2.02
4 97

2.73

2.03
a .37

.62
1.89

1.23

Tr.
a 30

.23

.00

.13

17.44
9 66

18.59
97 AA

1fl9.fi

Hose Glen (13); elevation, 2,300 feet.

[Authority: Mrs. S. Rotanei.]

1911-12.............
1912-13.............
1913-14.............
1914-15.............

o0.37
o .10

.25

.00

.18

0.00
.50
.72
.00

.31

"0.70
.00
00

.00
 to

oO 45
3.55
1.50
1 97

1.44

o0.20
1.45
3 97
1.05

1 J.Q

2 115

.05
2 no
3 nc

1 84

1.17
2.67
7 1ft
7 17

4 CO

0.02
4.71
4.55
8 A1

4.S2

9 96
2.51
t ia
1.55

3.84

A OQ

.83
2 7«
5.32

f-30

2.50
.50
.46

sl.73

1.30

0.55
.60
an

.00

ifi

22.35
16.27
24.93
OQ KQ

23.2ft

Estimated.
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44s,- JfontfWy m& annual precipitation at 106 station* u» or tusor 
County -Continued.

Mesa Graade (U. S. W. B.) (14); elevation, 3,460 feet.

[Authorities: 1905 to Jan., 1909. Ed. H. Davis; 1909 to 1914-15, XL S. Weather Burma. Th^-inch Booth- 
em Pacific Co. gage used, 1905 to Oct., 1908; subsequently U. S. Weather Bureau standard gage.]

Season. ,

1965-6..............
1906-7..............
BO?-«...... ........
1908-9.. ............
1909-10.............
1910-11.............
1911-12.............
1912-13....... .. ..
1913-14.............
1914-15. ............

6-year means. ......

July.

Tr.
0.10

.37

.24

.23

.05

.17

Aug.

1.73
.00
.00
.43
.68
.00

.47

Sept.

Tr.
0.42

.73

.09

.48

.07

.30

Oct.

0.00
1 iU\

.47
3.58

.26
1.51

1.21

Nov.

5.48
2.19
.39

1.82
4.28
1.23

2.56

Dec.

10.00
.68

SI. 17
.18

1.86
5.20

3.35

Jan.

15.65
6.30
8.99
1.14
4.07

10.86
10.85

8.26

Feb.

8.84
1.32
7.30
.00

8.70
7.13

10.79

6.29

Mar.

4.34
3.92
3.49

15.31
3.28
1.96
2.83

5.02

Apr.

0.69
.751

2.92
4.60
1.90
3,07
5,59

2.79

May.

0.14
.07
.20

2.13
.60
.1$

6.34

1.38

June.

0.00
.00
,00
.29
.75
.78
.00

.26

Total.

47.03
33.66
27.67
36.67
29.55
27.75
27.60
25.64
31.77
44.46

33.18

Mesa Grande (Angels) (15); elevation, 3,450 feet. 
[Authority, Volcan Land & Water Co., W. S. Post, engineer.]

1911-12.............
1912-13.............
1913-14.............
1914-15.. _ ........

4-year means .......

ATI in
.30
.26
.00

.24

0.00
.91

1.10
.00

.50

aO.80
a .00

.00

.00

.20

oO 50
3.33

00
'1 (U

1.37

aO 40
1.56
5.45

 1.50

2.23

o2.30
.00

2.89
4.98

2.54

1 30
9.81

12.47
9.44

8.25

0.07
8.57
7.50

11.88

7.01

15.88
3.65
2.70

o3.50

6.43

5.30
1.57
$.48
8.68

3.51

SI. 03
.78
.16

06.60

2.37

o0.30
.67
.88

a .05

.48

29.28
31.15
36.89
43.17

35.12

Nellie (16); elevation, 5,350 feet.
[Authorities: 1961 to Jan., 1909, T. O. Bailey; 1909 to 1914-15, U. S. Weather Bureau. Interpolations by 

using seasonal ratios from 5 nearby stations.]

1901-2..............
1902-3.............. 
1903-4..............
1904-5..............
1905-6...............
1Oflfi_7
1907-8..............
1998-4.. ............
1909-10.............
1910-11. ............
1911-12..............
1912-13.............
1913-14.............
1914-15..............

aO.OO
.06 
.00
Tr.
.00
.41

a .10
.11
Tf
.47
Tr
.45

8.75

44

oO.OO
.00 
.00
on

Tr.
1 QO

aS.10
L70
Tr.
.00
.05
.87

aO.OO

.60

«0.76
.22 

* .30
Tr

44
,6ft

rt.UO
.17
.44
.7ft
.00
.15

sO.OO

.47

2.55
.85 
.78

1.18
.27
.25

ol.40
.00

2.20
.75

3.30.
a, .05
2 f)A

1.34

1.75
5.32 

.01
Tr.

9.99
4 w

al.60
7.78
3.64
.60

2.90
o3.20
1.53

3.00

0.55
5.26 
.00

3.10
2.68

10.91

02.70
17.34
1.25
3.65

.00

6 72

3.75

17.60
T42~

11 46
7.62

23.10
7.76

10.80
1 A&
4.45

17.68
13.89

10.66

7.34
"^'.ri
15.09
8.70

11.27
1.40

13.93
.00

14.20
12.95
16.78

9.86

10,21

12. 37"
14 48
36.88

6.-51
ft, 87

10.25
21.35
9,45
».M
5 ns

12,47

2.20
"si.'so"
2.43
8'. 8ft

]a
1.08
2.20
7 on
1.95
4.56
9 &i

3.63

0.25
"."7i"

6.07
6.65

.14

.00

.25
1.9S
1.20
.47

7.SS1

2.26

0.00
"."65"

.00

.81

.00

.00
Tr.
.18

1.09
1 44
.05

.28

o43.21
'a&~W

M il
77.40

052.31
44.21
44.96
39.06
38.59
48.73

«67 19

48.66

M«ndenItaU Valley (17); elevation, 4,500 feet. 
[Authority, Volcan Laud & Water Co., W. S. Post, engineer.]

1911-12.............
1912-13.............
1913-14,. ......, ,.
1914-16..............

4-year means . . .

00,80
7t>

,33
.25

.38

0.00
.83

~ .74
.00

.39

aO.40
.00
30
on

.18

0.54
2.17
.00

1.28

1.00

aO.OO
.98

5.66
1.41

2.01

2 26
.47

3.10
6.44

3.07

0.39
3.95

12,37
13.42

7.53

0,10
11.01
9 17
fi,5fl

ft.«ft

19.18
2.10
3.10
1.08

6.36

5.41
1 01
1 OK
9.04

4.3ft

1.50
.50
20

2.43

1.16

oft.30
.33
.SO
.15

.32

30.38
24.05
37.40
42.00

33.46

Oak Grove (18); elevation. 2,750 feet.
[Authority: U. S. Weather Bureau.]

i9«um.............
1912-13.............
1918-14;... .......... 
1914-1®.. ...........

2-yflnr frowns,  ----,-

0.44 IB
......

.39

0.00
.29

......

.15

ft 04
.00

.47

0.49
.99

,74

0.02
.49

.25

1.17
o .00
"s.'sl"

.59

0.18
2.41
7.29 
8.13

1.29

nos
4.39
6.02 
6.70

2.24

9.53
al.06
1.69 
2.SZ

5.29

3,7ft
.19

1.28 
2.28

1.98

1.2*1
.U

*2."ia*

.65

0.24
» .10
"766"

.17

18.05
10.35

14.20

o Estimated.
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TABLE 64. Monthly and tmnml precipitation at 106 stations in or «wor 8m Diego
County Continued.

OiihimiHia Mountain (19)o; elevation, 4,200 feet.

[Authority, Volcan Land & Water Co., W. 8. Post, engineer.]

Season.

1911-12.............
1912-13.. ...........
1913-14.............
1914-15.............

4-year means .......

July.

60.60
.00

1.08
.00

.42

Aug.

0.00
.65

3.15
.00

.95

Sept.

60.30
.00
.00
.00

.08

Oct.

0.15
2.62

.05
61.90

1.18

Nov.

0.00
.87

2.68
MS. 00

1.64

Dec.

0.73
.00

1.39
4.82

1.74

Jan.

0.04
2.25
6.75
9.36

4.60

Feb.

0.00
5.01
6.75
5.28

4.26

Mar.

10.15
1.30
1.52
2.08

3.76

APf.

2.52
.32

2.35
4.00

2.29

May.

1.25
.30
.30

62.20

1.01

June.

0.35
.21
.00
.03

.15

Total.

16.09
13. m
26.02

632.67

22.08

Eagles Nest (20); elevation, 4,500 feet.

[Authority, Volcan Land & Water Co., W. B. Post, enginee-.]

1911-12.............
1912-13.............
1913-14.............
1914-15.............

4-year means .......

t>0.14
.51
.41
.16

.31

000
,28

2.82
.00

78

60.50
.00
.00
Tr.

.13

60.20
3.99
.00

1.35

1.38

0.09
61.10
1.12
1.5ft

07

1.22
.00

1.09
5. 85

2.04

024
1.36
4.45'
9.28

3.83

0.00
3.34
8.19
6.80

3.33

5.14
.33

1.79
.60

1.97

2.54
.15

2.26
4.02

2.24

0.81
.09
.00

2.72

.91

0.00
.17
.04
.03

.06

10.88
11.32
17.17
32.37

17.94

Warner Springs (21); elevation, 3,165 feet.

[Authority, TJ. S. Weather Bureau.]

1900-1901........... 
1906-7..............
1907-8..............
1908-£. .............
1909-10.............
1910-11.............
1911-12.............
1913-13.............
1913-14.............
1914-15.............

"1*19"

.00

.16
1.2fl
l.M
.14
.66
.44
.16

.62

"1.72
1.18
2.11
8.26
Tr.
.00
.89

2.10
.00

1.20

n 91
.00
.81

1.41
 TO

.54

.00
05

.01

.42

0.23
3.73

.80

.Oft

.79

.25
8.07

1ft

Aft

1.06

1.93
*> Afi

.05

.48
2.6ft
1.77

tut
Oft

1.52
1 99

1.25

5.09
1.08

.7ft
7.93
.49

1.10
.00
.98

4.08

2 no

2.58 
0.13
8.85
8.78
2.00
4.61
.16

2.37
6.07
7.24

4.36

5.98
1 4ft

3.A14,*t
.25

4,71
Tr.

4,80
4.23
4 so

3.14

O.S5 
4.40
1,3?2. as
3.S7
2.16
7.28
1.04
1.11
2.45

9 7ft

0.20 
.28
.30
.OS
.13»g

8 19
29

1 40
3.80

I iu

0.97 
.14
.88
.fift
.00
.02

1.09
.68
.10

2.90

.62

AM...,

0.00
.00
.00
.00
.02
.22
.13
.21
Tr.

.06

"ag»*fM>

15.91
17.88
22.45
17.49
1406
13.81
18.43
27.16

18.92

Warner ranch house (22); elevation, 2,894 feet.

[Authority, Volcan Land <fe Water Co., W. 8. Post, engineer.]

1911-12.............
1912-13.............
1913-14.............
1914-15.............

4-year means........

bO.50
6 .50

.51

.51

.51

0.00
.62

2.30
.00

.73

M).8ft
.00
.00
Tr,

.09

6,18
1.S5
.08
.49

.67

aoo.«a
1.M
1.80

.98

0.83
.00
.85

2.89

1.14

0.85
2.60
7.64
8,02

4.65

O.fl&
8.89
4.78
6.64

3.54

7wfS
.87

MS
2.08

2.53

2.9ft
.7R

1.60
4.04

2.32

1 28
.18m

4.76

1.55

Tr,
.11

J> .14
.60

.06

14.01
11.64

620.36
29.78

18.95

San F«%« (23); elevation, S,tt» feet.

[Authority, Voloan Land & Water Co., W. 8. Post, engineer,]

1911-12.............
1912-13.............
1913-14.............
1914-15.............

60.50
.80
.50
.50

.58

0.00
.35

1.75
.00

.53

&0.40
.00
.00
.11

.13

0.10
2.80

.25

.40

ao

0.05
.33

2.33
1.30

1.00

1.85
.05

1.32
2.14

1.34

0.30
2.34
8.05
9.15

A. Oft

 0.00
6.00
7.80
S ift

9.35

14.50
1.80
1.90
3.20

5.35

2.32
.65

2.30
4,75

2,50

1,55
.24
.00

3.?fi

1.01

0.25
.20
.22
.Oft

.17

21.82
15.56
26.42
3M% 01

24.00

a Abandoned. 6 Estimated.
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64, Monikty and annual precipitation at 106 stations in or mar .San. Diego 
County Continued.

Matagaai (24); elevation, 3,200 feet.

[Authority, Volcan Land & Water Co. ,W .8. Post engineer.)

Season.

lflll-12.. ..........
1912-18............
1918-14.............
1914-15.............

4-year means » ......

1911-12.............
1912-1S.. ..........
1919-14............
1914-15............

4-year means......

July.

80.50 
.30 
.27 
.00

.27

Aug.

0.00 
.44 

1.05 
.00

.60

Sept.

0.40 
.00 
Tr. 
Tr.

.10

Oct.

0.29 
2.80 

.10 

.69

.97

Nov.

0.03 
.89 

2.56 
1.24

1.18

Dec.

1.24 
.25 
.95 

5.08

1.88

Jan.

0.21 
3.24 
8.14 
9.52

5.28

Feb.

Tr. 
6.16 
6.17 
9.76

5.52

Mar.

11.19 
1.58 
1.50
.82

8.77

Apr.

3.56 
.63 

2.4S 
6.16

3.21

May.

1.60 
o.5U 

.00 
1.86

.97

June.

0.33 
.14 
.62 
.00

.27

Total.

19.2 
16.95 
24.73 
36.14

24.01

Volcan Mountain (25); elevation, 4,800 feet. 

[Authority, Volcan Land & Water Co., W. 8. Post, engineer.}

o0.50 
.60 
.98 
.00

.49

0.00 
1.06 
1.76 
.00

.70

nO.60 
.20 
.00 
.10

.22

*0.40 
4.54 

.11 
1.72

1.69

aO.36 
2.01 
4.60 
1.70

2.65

2.05 
.89 

3.33 
7.21

3.37

1.45 
4. SO 
9.19
8.67

6.03

0.00 
12.35 
7.31 
9.40

7.27

17.18 
3.80 
1.54 
6.23

7.19

7.65 
1.25 
2.43 
7.10

4.61

2.30 
.78 
.60 

4.68

2.08

aO.50 
.71 
.98 
.09

.66

32.93 
32.83 
82.77 
46.90

36.36

Pino Mountain (26); elevation, 2,500 feet. 

[Authority, Volcan Land & Water Co., W. 8. Post, engineer.]

1911-12.............
1912-136............
1918-146............
1914-156............

«0.75 0.00 joO.46

1
1
1

aO.32 oO.ll 1.41 0.61 Tr 11.86 2.95 1 24 oo.ie 19.81

Agnanga (27); elevation, 1,988 feet. 

[Authority, U. 8. Weather Bureau.}

1908-9..............
1909-10..............
1910-11.............
1911-12.............
1913-13.............
1913-14.............
1914-15.............

7-year means .......

0.15
.19
.14
.82
.16
.00

.14

1.08
1.61
.00
.00
.44

1.07
.00

.60

0.51
.48
.13
.M
.00
,82
.22

.38

0.14
.00
.68
.26

I.R7
.16
.58

.45

0.07
1 On
1.53.no

.49
i.a«

.99

.89

0.50
4.16

.16

.63

.00

.23
2.27

1.13

4.44
4.49
4.76

.34
1.61
5.68
5.37

3.82

3.28
.72

3.89
.00

$.10
8.97
5.91

2.98

1 95
1.82
1.42
692

.65
SOt

1.57

2.16

0.00
.14
.57

2 94
.16
aa

2.20

1.00

0.00
.00
.00

1.05
.on
.12

1.58

.39

0.00
.00
.00
.02
.05
.18
.00

.04

11 94
15,42
13.33
12.83
8.19

15.43
20.69

13.98

Julian (28); elevation, 4,200 feet. 

[Authority, U. S. Weather Bureau.}

1879-80.............
1880-81.............
1881-82.............
1882-83  
1888-84.,... . .
1890-91............. 
1S91-93.... .........
1892-98.............
1893-94.............
1894-95.............
1895-96............. 
1896-97............. 
1897-98.............
1898-99.. ...... .I...
1899-ltfX)... .........
1900-1««...  ,......
1901-2....... ;.»....
190Mi .. ...........
1Qrt3_4
1904-6., ............

0.00
.00
.00
.00
.00

~"6a"
.00

2.90
.00
.00 
.00
.W

,.00
.00:JR. M'

.2.00
.00

1.50

0.0f>
.00
..00
.00
,00

"*"«»*

.m»

.4ft.<w,.»

.00

 00
00

.00
, .Oft

.00

0.00
.00
.00
.00
.00"rio"
.Oft

.,60
.00

..90 
.M 
..10
M
.90m
.00
.90
.00
.00

0.00
.00
.00
.00

2.75""."66"
1.00
1.70
.00
.00 

2.00 
2.00
.00

2.60
.00

1. 00
1.00
.50
.50

2.13
2.25
1.88
5.13

.00
""66"

1 00
7.00
.00

2.00 
.00 
.00
.00

1.50
6.00
1.00
3.00

00
.00

4.50
2.75
6.88
6.25
6.00

"."66"

1 60
.00

9 50
2.50 
.00 
.00

3.00
1.00
.00
.10

3.25
00

2.25

1.50
5.13
6.13

10.04
2.25
4.70 
3.70
4.40

15.00
15.50
1.00. 
3.50 
.00
.00

4.00
7.00
6.00
2.60isn
6.75

5.75
4.88
3.38
6.63

20.63
3.00 
2.40
3.20

12.60
3.30

.00 
4.20 
2.00
.00
.00

8.00
5.76
8.00
2.00

11.50

9.25
8.13
7.13
9.13

15.63
12.00 
7.00

13.00
2.00
2 fin
3.00 
5.60 
2.00
5.75
1.00
.75

8.00
10.60
2.25

12.25

7.50
2.75
4. 88
4.13

10.63
6.80 
3.10

.no

.00
1.25
8.50 
6.00 
2. M

.00
«.7fl
.00

SH 60
.00

R.5W
1.25

0.00
.00
.00
.00

3.63
2.60 
5.50

.90

.50

.50

.00 
1.10 
5.00
2.00
3.60
S.«J

.Off

.Bffrrfi
4,70

0.00
.00
.00
.00
.OR
.00 
.45
.00
.20
.00
.00 
.08
.o>
.06
Mm
.00 $
M
.00

30.63
25.89
29.28
41.31
61.52

"22.~25

26.10
41.30
81.70
12.00
as. 40
IS. 50
18.75
20.25
24.75
24.45
30.75
15.25
40.70

a Estimated. t Abandoned.
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TABLE 64. Monthly <md annual precipitation at 106 stations in ear near fi'an Diego
Cwmtitt Continued.

Season.

1905-6..............
1Oftft_7
1907-8..............
1<M1R_Q

1909-10.............
1910-11.............
1911-12.............
1912-13.............
1913-14.............
1914-15.............

29-year means ......

July.

.00

.00

.00
2.60
1.45
2.35
.50
.85
.58
.21

.48

Aug.

.00
00

.00
VI

1.40
.00
.00
45

2 40
.05

.18

Sept.

.25
nn

.00
1.15
.00
.00
.30
.00
nn

.11

.10

Oct.

.00

.00
2.50
1.10
.00

1.50
.60

3.41
.65

1.05

.89

NOT.

11.50
3.00
1.00
1.00
4.30
2.55
.40

2.11
4.08
1.22

2.21

Dec.

.00
8.00
.50

1.50
6.05
.65

2.15
.40

3.06
7.70

2.74

Jan.

5.00
9.00
5.75
8.90
7 10
8.35
1 60
3 88

11.04
13.25

5.77

Feb.

4.50
4.25
8.25
7.00
.70

8.25
.00

3.73
6.96

12.78

5.54

Mar.

17.00
6.00
3.25
4.05
2.15
4.00

15.90
3.56
2.01
3.42

6.40

Jpr.

5.00
1.00
2.75

.00

.70

.70
3.10
1.26
3.96
4.83

3.05

May.

2.00
.75
.50
.00
.00
.00

1.95
.62
.35

7.76

1.57

June.

.25

.50

.00

.00

.00

.00

.20

.55

.42
Tr.

.09

Total.

45.50
82.50
24.50
27.80
23.85
28.35
26.70
20.82
35.51
52.38

29.02

Cuyamaca (29); elevation, 4,677 feet.

[Authority, TJ. S. Weather Bureau.]

1888-S9... ..........
1889-90.............
1890-4)1
1891-92.............
1QOO  jQQ
lav*  04
IfiOA- Oft
1895-96.............
1ROA Q7
1897-98.............
isoa-QQ
1899-1900...........
1900-1901...........
1901-2..............
1902-3..............
1903-4..............
1904-5
1905-6..............
1906-7..............
1907-8,. ............
1908-9.......,....--
1909-10.............
1910-11....:........
1911-12.............
1912-13.............
1O1 P  1 4.
1914-15.............

27-year means. .....

0.93
.00
.09
.04
.00

1.20
.00
.00

1.29
.00

..04
.28
Tr.

1 U
.00 
.20

.10

.00
Tr.
.16

1.50
fU

.84

.52

.35

0.04
1.71
.90
.30
.00
.30
.50
nn

.87
nn

1.32
Tr.

nn
.09
.00
.28 

1.26
Tr.

3.00
.00

2.87
1.30
.08
Tr.

fid

2 QQ

1.33

.71

00.09
.03

1.45
.69
nn

.00

.30
ft0.

1.06
.36
.00
.00
.92
08

Tr.
1.28 
.15

LOJ.
.&>
.00

1.82
.30
.38
.29
.01
.02
.20

.42

3.82
o4.27

.58

.00
of)

1.90
.00

1.03
4.73
5.09
.00

4.51
.74

1.94
1.01
.53 

1.18
Tr.
.80

3.40
2.30
.06

1.86
,«8

5.53
Q4

1.63

1.79

8.33
o2.94
3.62
.45

2.87
3.30
.00

6.01
3.45
1.07
.88

»4.54
11.97

1 da
5.09
.04 
.00

10.15
B.68
1 Q1
1.24
6.07
2.62
.26

240
A OR

1 1ft

3.33

13.30
o20.73
12.14
6.75
3.76
3.75

12.80
1.66
3.74

o3.36
o2.56
2.49
.04
.52

3.66
.16 

2.95
2.78
9.13
1.80
.70

11.76
1.12
2.35
.07

3.33
8.31

5.03

o3.34
013.56

.00
7.23
5.55

o4.36
o30.98
5.77
6.32

o7.13
3.62
8.17
8,17
3.96
.78 

9.87
K 44
f»4«
6.67

15.16
6.33

10.10
1.30
5.38
9 7C

11.48

7.69

o4.62
«21.16
34.70
6.47
9.13

a3.36
4.60
.20

ol0.27
1.97

o2.73
.26

13.26
7.50

«6.30
3.76 

15.91
7.40
»,22
9 30

12.50
1.36
8.26
.02

11.88
6 94

12.32

8.13

12.85
o5.58
1.87
7.76

o20.40
2.90
5.89
7.91

a9.56
o5.04
7.23
2.51
2.32

13.82
6.13

12.75 
15.68
22.41
11.88
3.25
8.86
5il9
A- OjQ

19 87
2.12
2.35

8.28

S.44
1.02
3.50
?.35
1.00
.00

1. 10
1.78
.22

1.24
.98

 .69
r.24
r no
f.21
T.64 
f.64
f.54
1. 71r,77
.21
.98

1.79
' A ^fi

.93
S on

7.41

2.58

2.22
3.92
3.69
5.90
1.00
1.00
1.16
.92
.38

5.97
.47

4.03
3.87
.14
.69

1.15
7.11
3.37
.64

1.8S
.00
.00
Tr.

1 69
.51
04

8.22

2.22

0.00
.00
.00-
.67
.00
.50
.00
.00
.00
.00

2.96
.10
.00
.17
.00
.00 
.00
.14
.87
.00
.00
.00
.00
,42
.71
.4$
.00

.26

52.98
74.92
62.54
38.61
44.01
22.57
57.33
25.31
41.89
31.87
26.26
28.79
49 Q1
Oft ATI

36.59
23.37
57.89
56.24
44 91
on qe

45.65
- ^tSt 44
a* it
si on
31.02
«* CO

55.79

40.78

Escondido (30); elevation, 657 feet.

[Authorities: 1875 to 1886-87, Maj. Merriam; 1887 to 1896-97, Escondido Land & T^>ra Co.; 1897 to 1914-15.
IT. S. Weather Bureau.]

1875-76.............
1876-77.............
1877-78.............
1878-79.............
1879-80........ .......
1880-S1. ............
1881-82.. ...........im-m... ..........
1883-4*.............
1884-85.............
1885-S6.. ...........
1886-S7. ............
1887-88.............
1888-89.............
1889-«0.. ...........
1890-Q1. ............
1891-92.............
1892-43.............
1893-04. ............

0.00
.00
.00
.00
.00
.00
.#»
,m.*»
,00.50
.*>
.00
.00
.00
.90
.00
.00
.00

0.00
.00
.00
.00
.00
.10
.00
.00.m
.00
.00
.00

JV&

.00

.00

.00

.00

.00

2.50
.00
.03
.00
.00
.00
.10
.08.flft
.00
.(W
.00
.00
.00

1.09
.90
.08
.00
.00

0.00
.05
.09
.28
.45
.75

1.20
.««

 t 4g
ao

.00

.20

.25
««

3 *K

.75
00

.01

.65

3.51
.16
.78

OK

3.50
7K

.25
ft4

.00
48

4 ftQ

2 fff

2.45
3.08
1 25

en

.50
2 60°
.65

0.42
.07

4.03
OS

4.38
4.05
.60
.20

$.58
4.96
.75
20

3.60
5 7fl
4 55
3 Aft

1.25
1.50
2.55

6.04
3.80
3.95
3.26
1.50
.91

3.80
iffsi -23
.45

,
W
3 Aft -

9' vrt
.80

4.03
2.87
7.90
i id
2.10

.TO
3.87
1 40
e &3
.60
.90

4.73
l.«0
l.«7
4 If
«I#
9 SA
3 /u\

.so

3.12
1.00
2.49
.41

2,65
3.76
1.00
t nn
8.68

00
4.71

nn
3 7ft
5.75
 i lym

7»
9 ttt
o ««

.75

0.38
.42

5.66
1 HQ

&00
tstt

.30
07

3.26
2.61
2 c/\
1 QK

.50

.50

.50
I ne

40
49

.00

0.81
.00

1.40
.18
.25
.00
.20

1.30
2.00
.00
.00
.70
.00
.00
.50
.00

2.17
00

.00

o,<»
.00
A1
fn
.00
.00
00

.00
1.05
.00
.90
  00
.90
60

.00

.00

.00

.00

.00

20.81
8 07

«3H? on
8 TO

M QO

10.67
IA QO

7.70
82.07
9,40

1ft ft?

15.85
f* 47
%) &Q
14,95
11,60

5:90

a Record as published by TJ. S. Weather Bureau does not include snow; latter 1 <w been added front rec­ 
ords of Cuyamaca Water Co., by W. S. Post, engineer.
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W. -Mor^fy and annual precipitation at 1$6 stations in or near 
Cottw^ Continued,

» (8*)j etera«OB,««7 feet Continued.

Season.

1894-95. ..,,.......,
1895-06...:......,,..
1896-97.............
15MI7~(kft

1898-W...,,.. .......
1899-1900....;..,....
MOO-1901...........
1Qft1  9

1902-3..............
1903-4. .............
IQflAE

1905-6..............
1906-7..............
1907-8..............
1908-9..............
1909-10.............
1910-11.............
1911-12.............
1912-13.............
1913-14.............
1914-16. ............

40-year means ......

Jury.

.00

.00

.00

.00

.00

.00
Tr.
Tr.
.15
.00
00
An

.00

.00

.00

.25

.11

.00

.07

.00

.01

Aag,

.00

.00

.00
Tr.
.00
Tr.
.00

.00

.00
00
fin

.OB

.00
LOO
.22
Tr.

ftfi

^7

.00

.00

.04

S«pt.

.00

.00

.00
Tr.
.01
.00
.03
00
00

.32
*.02

nt\
.19
Aft

.46

.05

.00

.02

.14

.07
Tr.

.13

Oct.

.10

.25
2.30
1.52
.00
.61
.30
.62
.28
.12
.53

11
.07

1.9S
.45
no

1.08
.05
.56
Tr.
.92

.57

NO*.

.00
1.42
1.05
.06
.11

1 QQ

4.05
.43

2.35
fit
AH

4.45
1 Q4

.14

.73
3 04

1.27
.10

7Q
5 HA
1.41

1.43

Dec.

4.51
.25

'1.85
.75

1.48
1.62
.00
.05

3.04
.05

1.68
.82

5.51
.98

1.07
7.71
.20

(U

.02
1.11
2.95

2.07

Jam.

10.26
2.42
3.95
2 49

3.23
5.18
2.86
2.59
1.58
.41

3 07

2.78
4.96
5.07
7.23
4.03
4.96
.67

1.79
6.53
7.06

3.31

Feb.

1.25
.00

4.75
.68

1.13
.20

5.21
3 KA

3.67
2.66
9 9Q

2 14

1.60
3.31
4.38

49
4.'26
.00

4.21
5.62
5.41

3.12

.Mb*.

1.35
3.48
1.60
1.53
2.11

7ft
.52

3.68
2.78
3.79
5.75

11.98
3.48
1.05
2.76
1.82
2.04
8.01
1.48
1.57
1.55

2.89

 A*.'

.75

.10

.00
is

.29
2.23
.18
.67

3.S4
.47
.45

1.59
.43
.77
.00
.58

1.38
3,11
.70

1.22
3.72

1.29

May.

.36

.00

.00
i Ift
.15

1.27
1.31
.00
Tr.
.80

1 80
1.46
.«»
.22
.13
.00
Tr.

1.58
.17
.24

2.35

.55

Jfr*«.

.Oft

.00

.00

.00

.(Wrr.

.00

.04

.00

.08

.00
.08.-n)
.00
.00
.00
.00
.08
.10
.14
.00

.09

Total.

18.57
7.93

15.50
8.68
9147

13.89
14.46
11.86
17.69

, 8.15
23.W
23.43
17. 8§
13.52
18.21
18.83
15.44
14.70
10.31
19.11
25.37

15.51

Head of Eseondido ditch (31); elevation, 1,986 feet.

[Authority, Eseondido Mutual "Water Co.

1896-97.............
1897-98............. 
1898-99.............
1899-1909*.....,.... 
1900-1901........... 
1901-2..............
1902-3. ............. 
1903-4. ..,..,... ..
1904-5..............
1905-6.............. 
UB06-7. ............. 
1907-8...........;.. 
1908-9............... 
1909-10............. 
1910-11.............
1911-12............. 
1912-13.............
1913-14.............
1914-15.............

15-year means......

......

......

- " -

"0."25"

.02

......

......

......

"i.'oo"

......

.07

......

......:

......

'o.'ss"

......

.02

2.75 
1.60

......

... .

*"io"
5.46
.55"."76"
.07

.75

1.17 
1.85 
.26

"4"97"

8.19

1.25
5.45
2.75 
.91 
.80 

4.85 
1,(W
.25

1.51

2.10 
1.25 
1.45

M.55 
.00

3.40

"a." 05"
1.50
1.48 
8.83

oo

2.00

2.10
«.7«

2.59

7.35 
3.80 
1.35
2.60 
3.70

3.10

2.30 
7.00 
6.65 

11.10 
4.05 
3.02

.60 
2.90

10.70
8.85

5.18

7.02 
.70 

1.80
.03 

7.05

3.60

I on

8.93 
1.70 
5.45 
4.25
.45 

6 97
"6! 75"
10.20
10.40

4.42

4.50 
2.42 
2.92
1.30 
1.55-

4.40

9.55
21.15 
6.00 
2.30 
4.22 
5.15
4 4S

12.80 
55

2.70
2.52

3. 85

0.00 
.10 
.40

2.72 
.25

5.15

1.40
"i.'isf
1.25 
.13 
.50 

1.43
3.80 
1.02
2.45
6.28

1.71

0.00 
""06"

1.92

.00

4v25
""."si"

.75 

.17
"."63"

2.25 
.55
.28

3.44

.65

Tss"

......

Hi";

".'ii*
4fl

.OS

.15

24.89 
11.72 
9.53

13.12 
17.53

21.84

"*22"i6 

24.27 
24. OS
23.83 
20.59
21.77 
12.43
28.83
37.30

20.92

Hot Springs Mountain (32); elevation, 6,200 feet. 

[Authority, Votoaa Land & Water Co. and U. 8. Forest Service, W. 8. Post, englnee-.]

1912-lS.............
1913-14.............
1914-15.............

a.y^r uwftns. ......

oO.Sl
2.00.m
.85

»a as
a. oe
.10

L15

0.00
.20
.66

.28

o4 00
.08
95

1.68

al.10
3.46
1 20

1.88

0.00
1.08
A 7Q

t OQ

3 07

3.55
3.70

3.51

4.26
8.70
4.04

4.00

0.56
.77
.48

aO.'l5
on

4.08

1.71

aO.09" 00
9 Of

.77

aO 17
.00
.00

IA aa
i& ftft
20.18

M to

i (S3); elevittian, 1,234 feet.

^Authority, U. 8. Weather Bureau.]

1886-87............. 
1887-S8... ..........
1888-89.............
I89&-97. ............
1897-98.............
1898-99.............

"Tr"

8.10
"."no*

.00

"dloo"
.00""29"
.00

"ai«"
.06

"."26*

.00

"6.'S2"

.69
'i."06*

.00

"i.'ra"
5 03

"Tr."

.01

"i'oi"
5.37"Ii»"
1.38

0.16 
ft. 09
1.41

32.49 
2 29
3.41

7.01
sn

»i.?e
.15
.48

0.06
5.87

*.77
fiO

.96

1.54 
.08

.00 

.23

.00

0.02 
no

.03
1 99

Tr.

0.86 
.Ofr

.00

.18

*"l9."i7

A J9A

6,47
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TABDE 64. Mm&ly rand antou&j precipitation at 106 stations >in\ oratear £§gn Diego
Gottn^ Gontintied.

Season.

1899-1900...........
1900-1901.. .........
1901-2..............
19(»-3. .............
1903-4..............
1904-6..............
1905-6..............
1906-7
1907-8..............
1908-9...............
1909-10.............
1910-11.............
1911-12.............
1912-13............. 
1913-14«.... ........

16-year means......

July.

*?°
Tr.
.00
.08

a. 02
.00
.00
nn

Tr.
.00
.00
.09
.00
Tr.

.01

&m.

fr.
Tr,
.74
.00

o.Oft
1.12
.00
.03
.00
.73
.55
.00
.00
.10

.22

Sept.

m£̂ 
.00
.00
.40
.82

Tr.

.00

.30

Tr.
.58
.00

.17

Got.

;98
.06

1.08
.13
.05

Tr.
.12
.07

2.99
.53
.09
.53
.15
.87

.51

Nov.

ftQ

5.04.35'
1.26
.00
.00

5.61
1.34

.OR

.24
I 43
.19
.20

0.40

1.13

Dec.

.55

.00

.00
8.04
Tr,
.91
.20

5.51
.41
.82

6.65
.14
.80
.00

1.54

Jan.

1.56
3.59
2.30
.81
.19

5.32
2.78
4.80
4.93
6.51
3.74
5.81
.08

3.39

Feb.

.00
4.61
3.03
S.M
1.4»
7.72
2.14
2.24
2.80
3.57
.14

3.24
.00

2.12

Mar.

.39
,42

2.M
<US
4.14
4.36

11.98
«. 68

.47
2.29
1.19
1.38
6.73

3.37

Al».

.77

.10

.30
1.71
.28
.30

i.m
.07
.1«
.00
.35
.25

1.80

.50

May.

1.04
.47

Tr,
Tr.
.03
.92

1.46
.04
.04
.00
.00
.00
.13

.35

June.

.00
Tr.
.21
,00
f oo
.00
,08
.05
.Oft
.04
,00
.00
.00

.04

Total.

5.98
14.29
9.65

16.08
6.65

21.47
25.96
18.02
11.90
15.03
14.14
11.63
10.47

13.34

Oceanside (34). 

[Authorities: 1892 to 1908-9, J. A. Tulip; 1908-9, H. D. Brodie; 1909to 1914-15, U. S. Weather Bureau.]

1892-93.............
1893-94.............
1894-95.............
1895-96.............
1896-97.............
1897-98.............

1899-1900...........
1900-1901...........
1901-2..............
1902-3..............
1903-4..............
1904-5..............
1905-6..............
1906-7..............
1907-8..............
1908^9..............
1QftQ_in

1910-11.............
1911-12.............
1912-13.............
1913-14.............
1914-15.............

^3*wia.i* Trtfliftns

0.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.14
.00
.00
.00
.00
.00
.00
.00
.28
.15
.02
.05

Tr.

.03

0.00
.00
.00
.00
nn

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00
1.10
.00
.01

Tr
.05

Tr
Tr,

.05

0.00
.58
.43
.00
nn

.00
nn

.00
nn

.00

.00

.00

.00

.00

.00
nn

.00
00

.05

.23
Tr.
Tr
Tr.

.06

0.27
.55
.00
.00

1.05
2.19

nn
.74
.33
29

.27

.00
1.50
.00
.00

I SO

.00

.00

.66

.33
44

.05
1.41

.51

1.85
.85
.00

1.85
1.14
.00
nn

1.74
2.16

.84
1.85
.00
nn

3.51
1.47
.00
.78

2.72
.77
.07
.68

2.00
1.29

1.11

3.07
2.29
3.98

.00
1.98
.00
.76

1.65
.00
.18

3.97
.15

1.72
.00

3.27
1.13
.72

4.78
.37
.56

Tr.
1.04
3.42

1.52

1.33
1.14
8.10
2.92
4.70
2.84
2.75
2.69
3.08
3.82
i.jra
.19

2.92
2.60
3.54
3.21
3.41
1.62
8.94

.71
1.44
5.55
6.51

8. «W

1.92
.00
.00
.00

4.66
.37
.30
.10

3.43
.90

l.ftSS
1.39
6.16
1.53

.00
2.17
2.23

.11
3.59

.42
2.78
2.99
5.75

1.81

2.41
1.54
.95

2.35
2.55
1.05

on
.33
.20

8.00
2.41
2.45
2.58
6.62
2.78
.69

2.28
1.76
1.65
5.78
.53

1.27
.50

2.03

2.25
.00
.52
.00
.00
.46
.07

1.07
.00
.58

2.85
.19
.20
.7»
.27
.62
.00
.07
.91

2.36
.24
.66

2.73

.70

0.00
.00
.35
.00
.00
.00
.21

1. 29
,00
.00
.00
.15

1.21
.46
.00
.00
.05

Tr,
.08.
.74
.16
.25
.51

.24

0.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
,00
.00
.00
.00
.00
.00
.00
.0*

Tr,
,32
.16
.29

Tt.

.03

13.10
6.95

14.33
7.12

16.08
6.91
4.99
9.61
9.20
8.76

14.14
4.52

16.29
15.45
11.33
9.41

10.57
11.12
12.26
11.67
6.50

14.15
$1.12

11.15

Poway (85) j  kmrtton, 4t» f«o*.

[Authority, W. S. Weather Bureau.]

1878-79..............
1879-80..............
1880-81..............
1881-82...... ........
1882-83..............
1883-84. . .
1884-85..............
1885-86..............
1886-87..............
1887-S8..... .........
1892-93..............
1893-94..............
1894-95..............
1895-96..............
1896-97..............
1897-98..............
1898-99
1899-1900............

0.00
.06
.00
.00
.00
.00
.00
Tr.
.00

.00

.00

.00
Tr.
.00
.00
.00

0.00
.16
.04
.01
Tr
Tr.
Tr.
.02
Tr

00
.06
Tr.
.08
*£* 
Tr.
.00

0.00
TV.
.as
04

.00
TV.

ftft

.00

.63

.06
Tr,

00
.00

f .
:w

0.30
.74

1 17
.29

1.59
.24
.06
.10

1Q

Tr.
.25

J.51
1 7ft
wflft

.78

2.75
.30
.20
.60

.38
2 71
i *\f\
IL m
1 45
1.36
.00

1 44
1 11
.08

9Q

1.29

1.57
472
3.56
.73
.27

2.40
5 91
.90
.SO

2.70
1 Q7
<% dQ

3.06
.57

* &

1.87
1.29

$ fift

1.13
1.16
ft in
.88

t eg
.n

6.34
.09

4.01
1 7ft

.7ft
12.65
ft lift

4.30a, 7*
2.98
8.S9

1.50
1.54
.60

2.69
1.76
Q dfl.35'

.77
4.87
.#>

2.43
1,2»
1.08
Tr.
4S

29.61'
.S3

0.00
1.76
2.86
1.13
1.87
6.96
.34

SL 2*
.34

4.85
8.26
1 AA

1.24
473
2.89
L75
i.i»
.8ft

i.ao
3.10
1.14
.84

1.36
481
2.05
2.78
2.01
.10
.51
.14
.46
.96
.00
.83
,85

1.48

0.08
.00
,fl8
.04

1.34
2.26
.63
.00
.34
.51
.00
.21
.2A
.81
.12

1.65
.44

1.48J

0.20
.00
.00
.09
.00
.44
.07
.00

nn
.00
Tr.
.15
.00
.00
,00
.00
.51
.05

15.39
10.61
13.36a 42
29.45
10.69
16.80

O 47

15.73

8.32
.18.31

10.76
17.77
9.15
7.96

11.27
a Estimated. 
6 Abandoned.
e Gage on bluff above ocean at 30 feet elevation 1892-1909. and bail* mils t *«k from ocean at 67 feet 

elevation 1916-1915.



DETAILED PRECIPITATION EECOEDS. 

"ABLE Qb.-r~MonW% and annual precipitation at 106 stations in or near Sttn Di

Poway (15); elevation, MO feet-Continued.

Season.

"X)0-1901.. ..........
^01-2...............
"XM2-3...............
"X)3-4.. ...... .......
"X)4-6..... ..........
"XJ5-6........ .......
"06-7...... .........
"X)7-8.. .............
"XI8-9.. .........'....

Jaly.

&2°
w.
.80
.00
Tr.
.00
Tr.

.08

.04

Aug.

.00

.02

.00
Tr.
Tr,
.00
Tr.
.00
.47

.03

Sept.

Tr.
Tr.
.00
Ai7 
Tr.
.32
.38
Tr.
.30
ns

Oct.

.25

.24
ftft

.14
1Q

.17
nn

1.6fi
,4R

.50

NOT.

3.19
.46

3.03
A4

00
A. ASt

L16
Aft

1.23
1 99

Bee.

.00
nn

2.27
.06

1.85
GJ.

6.34
.76fi>;

1 RR

Jan.

2.28
2.47
2.22
.47

J AfE

2.25
4.67
3 95
7 4O

a OQ

Feb.

5,82
*> &A

9 ft^l

2.95
7 99
2.88
I to

3.56
4.48

2.62

Mar.

.34
3.13
Q OK
A n,j|

4 9J.

8.65
Q JK

1 AQ
9 ftl

9 £9

Apr.

.61
KA

1.96
.41

1*>

1.06
q/l
ly*Tr"

1.11

Sfoy.

.65

.10.ir
Ofi

I drt
1.27
.09

44
TV.

,W

JBB^

.01

.01

.00
on

.00
T\
in

.00

.00

.00

Total.

1O  *«

Q fitt

16.55
O OA

ia 84
21.77
Ifi.73
12.69
18.02

14.01

Sweetwater dam (3$); elevation, 310 feet. 

[Authority, Sweetwater Water Co., J. F. Covert, engineer.]

'«88-89..............
'889-«0.. ............
"«ieo-9i....... .......
'191-92..............
'892-93..............
 S93-94..... .........
 °94-95.. ............
^ <195-96..............
 "96-97..............
1897-98...............
 898-99..............
1 ^Dcx.ionn
"X00-1901............
  ^oi^.... ...........
 "02-3...............
^ X)3-4...... .........
"XMWi..... ..........
"1)6-6...............
"XW-?..... ..........
""07-8...... .........
^'v08-9.... ...........
"YIQ  Irt

"10-11..............
11-12....... .......
 ^12-13..............

 "13-14..............
 "14-15..............

aoo
.01
.00
.00
.00
.16
,00
.00
.05
.00
.00
.00
.00
.00
on

.00

.00
,10

.(Ml

.00

.00

.01

.00
in

.02

.14

.00

.06

0.00
.09
.07
.03
.02
.00
.00
.00
.11
.00
.00
on

.00

.00

.00

.00

.00

.00

.00

.00

.«7

.00

.00

.00

.24
,15
.00

.05

0.48
.00

R7
fU
on

.00

.00

.02
04

.00

.00

.00

.03

.00

.00

.00

.50
,25
.00
.56
.00
,00
 36
.00
,«0
.06

.12

n ^A
2.60

.02
.15
.33
.04
.45
.69

i f,t\

.41

.25

.43

.11

.25

.34
24

.03
L85
.48
.00

1.05
.45
.S3
.00
.87

.61

2.81
.10
.93

i<i
.68

84
fin

1,45
1.14
.06
.07

1.66
1.63
.19

L29
.00
00

8.69
1.20

no
.82

2.54
.74
.02
.48

3.69
.75

.96

o 99

8.06
o j*>
1.75
1 48
9 rta

3.03
.48

1 rtd
AS

.76

.77

.00

.00
2.80
.12

2.15
.43

4.37
^1

.70
400
.20

1.54
.04

1.06
2.75

1.73

1 HA

2.26
.62

1.57
1.01
.36

10.06
1.70
3.11
O fto

2.40
17

L75
1.96
.77
.11

2.02
QQ

3.67
3.10
4.06
1.85
0 Oft

.77
1.52
8.78
4.S8

2.26

1.85
2.73
5.29
1 4.7
1.17
.71

i no
.00

2.95
i*

.70

.00
422
1.60
2.41
1.85
6.02
2.66
.56

3.21
2.07

24
3.54
.00

3.02
2.06
3.16

2.10

9 fii
.74
.23

1.20
6.50
1.69
1.18
2.52
2.27
i wi

so
07

.54
2.39
1.28
2.30
3.47
5,46
2.35
1.06
2.73
t 24
2.07
4.80
.65
.57

CO

Lid

0.3fl
.13

1 37
Oft

.27
04
70,

.ft*
00
1Q

.23
1.06
.11
.49
.SP
.14
.85

1.67
.IR
.65
.00
.41
.«0

2. 89
.IS

1.2»
1.77

.62

0.21
.41
.83

1.46
.20
.15
.00
.0,5
.02
.79
.11

1.66
.74
.00
.00
.34

LOS
.85
.OS
.25
.00
.00
.01
.54
.12
.1.4

L13

.41

0.33
.00

no
.00
.00
00

.00

.00

.00

.00
Hfi

'.00
.00
.00

ftfl
.00
.00
.00
.39
.00
.00
.00
T\
.44
.13
no

.00

.07

14.02
17.12
12.63

Q OS

1L4S
6.36

16.19
7.27

12.07
7.05
1 74
A iy\
0 94

7.09
10.45
5.11

16.40
16.68
13. OS
10.51
12. 08
10.29
1L27
11.39
7.17

11.86
15.76

10.88

Desennm (37); elevation, 3,400 feet.

[Authority, U. 8. Weather Bureau.)

 "95-96.............
 «>A«7
 "W-as... ..........
 «98-99.. ...........
'"99-1900
^"00-1901...........
"ffil-2.. ............

'"02-4.. ............
'"OfcjQ

"09-10.............
^10-11.............
"11-12.............
'"12-13.............
"13-14.............
'"14-15 ............

'^-year meaas. ...

oO.OO
.30
.62
.15
.15
.00
Tr.
.45

.77
.00
.00
.60

.21

60.00
1 2S
.34
.88
t&W.
.W
. 9

*m
m
on

.80

.47m
5ft

ns
.m
.00
.00

Aft

i*
' ttfl

»86H

.90
1 W
.09

.Stt

nO, 38
*l 71

2.88
.00

1.62
^68

L25

.00
lag,w\.m
.08i as

I.U

a4.«?
2.12
.40
.85
,25

6.50
.87

6.12
2.26.no
.90

3.42

2.07

oLOO
2.43
2.90
1.00
1.06
.15
.12

7.79-
.SO

2.35
.00

1 59
4.82

2.00

2.93
6.48
5.28
3.49
400
3.25
4.47

11.03
6.06
402
.65

3.27
7 fli"
s as

4.69

0.10
6.27
.*»

T.60
.75

11.00
4.52

6.«3
1.38
ft. 22
.00

6.65
3.76
A ne

402

8.04
5.21
4.11
2.73
1.25
1.40
aoo
4.07
4.01
2,73

18. M
Z62
1.78
2.02

4,44

1.M
.16
.90
.25

4.25
.57

l.fiO

.OB

.58
2.08
3.83
.60

2.83
450

1.79

0.17
.21

2.35
1.45afK>
1.fl3
.OS

.00

.00

.00
L04
.40
.22

4.75

1,14

O-C0
.OT
,f<*
.C"
.c«
.c«.(*»
.c«
.c«
.c«
.R.w.0
.ff7

iai»
27.31
20.8$
11.94
16.46
25.28
21.57

27.54
21.65
23.40
16.02
23.46
87.1$

22.35

a Estimated. 6 Seelfater-Supply Paper 81, U. S. Qeolc^ioal Survey.



300 GROUND WATEBS OF WESTERN SAN DIEGO COUNTY, CAUF. 

TABLE 64, Monthly and eamtml p&cipitation at 106 stations in or netir San Diego

(38); eksvathm, 1,3*0 feet;

[Atrthodttesf 1872 to 1888-09, g. G. Antony; 1911 to 1914-15, Volcan land & Water Co.; 
"W. S. Post, Engineer.]

Season.

1872-73.............
1873-74.............
1874-75.............
1875-76.............
1876-77.............
1877-78.............
1878-79.............
1879-80.............
1880-81.............
1881-82.............
1882-83.............
1883-84.............
1884-85.............
1885-86.............
1886-87.............
1887-88.............
1888-89.............
1889-90.............
1890-91.............
1891-92.............
1892-93.............
1893-94.............
1894-95.............
1895-06.............
1896-97.............
1897-98.............
1898-39.. ...........
1911-12.............
1912-13.............
1913-14.............
1914-15.............

Means............;'.

July.

00.09

.IS
Tr.

  M

Aug.

aO.00

Tr.
*Qft

,0ft

Sept.

aO.01

A 1̂
Tj.

M

Oct.

o0.04

.05
1.25

,45

Nov.

oO.OS

2.40
1.73

1.40

Dec.

o0.79

1,18
3.M

1.71

Jan.

00.56
1 90
7,flR
8,17

R.27

Feb.

0.00
o oA

ift.22
6.41
'481

Mar.

6. SO
.88i.S!.«

&2§
' '! i

Apr.

*"!$

1.48
4, IS!

is?

May.

 

1.5»
.33
.137

1.43

.97

June.

a0.06
OO

,30
Tr,

.12

Total.

11.65
37.80
13.30
19.40
8.80

26.51
a 49

24.55
16.03
16.61
11.94
50.50
13.36
30.55
13.71
22.80
26.50
30.48
26.56
18.07
20.60
9.90

24.70
11.94
24.00
10.93
11.74
12.33

20.81
27.87

i&74

San Diego (39); eleTation* 93 fe*t.

[Authority, tJ. S. Weather Bureau.]

1849-50.............
1850-51.............
1851-52.............
1852-53.............
1853-54.............
1854-55.............
1855-56. ............
1856-57.............
1857-58............. 
1858-59.............
1859-60.............
1860-fll...... .......
1881-68.............
186&-SS.. ...........
188*-®!.. ........... 
1884-66... ..........is6s~«L............
1888-67.............
1887-4S. ............
186M9..... ........
1869^70... ..........
1870-71.............
1871-72.............
1872-73.............
1873-74.............
1874-75.............
1875-76.............
1876-77. ............
1877-78.............
1878-79.............
1879-80.............
1880-81.............
1881-82.............
1882-83.............

0.00
.00
.00
.00
.07
.00
.00
.00 
.00
.02
.14
.00
.11
.60 
.11

1.29
.00
.80.a.o&
.04
.00
.00
.00
.12
.00
.03
.00
.00
.00
.09
.00
.00

0.00
.00
.40.21

1.3ft
.04
.00
.02
.04
.00
.00
.m.00
.00.on
.00.w.m
.00
.OR
.07
.00
.18

1 95
.00
.21
.06
.00
.00
.00
.851
.01
Tr.

0.00
.02
.00
.00
.09
.00
.07
.01 
.10
.00
.00

1 gB<^8'
.85. 
.00
,00
.00
M
,05
.00
.00
.00
.00
.00
.13
.39
.03
.00
.00
.00
.00
.04
.01

0.19
.01
.06
.00
.27
.11
.00
..40
.47
.18
.00
;05
.89
.00 
.0*
.02
.00
.34
.00
.05

1.54
.00
.00
.00
.53
.00
.08
.81
.96
.29
.58
.24
.41

2.82
.25

1.45
1.28
.04

2.15
i:22
2,16 
.28

1.49
2.88
1.19
.05
.73 

2.41
.52
.24-
.45

&00
2.32
.18

1.33
.00
.77
.88

2.25
.04
.06
.00

2.77
.28
.12
.39

1.93
3.74
4.50
1.77
3.29
.41

1.30
1.30 
3:10
1.79
2.99
3.20

93
.0* 

1.M
,(W

1.82-
3.06-
1.53
.9*
.42

1.39
1.43
5.46
.55
.41
.15

3.89
1.57
6.30
4.15
.30
.13

0.00
.03
.58
.50
.99

1.97
1.27' #'

1.52 
.00
.72
.82

5.58
.32
.04 

1,2»

2.S
a^a»
.M,st
M
.44an

2.38
2.47
1.05
1.4S
S.54
.61,m

4.53
1.09

1.13
1.51
1.84
.20

2.56
3.59ras
Yl
.44 

l.m
1.49
.79

1.39
1.09
2.50 
3.00
3.43.mi.m
i,m
.77

1 3fi-
8.«8J
A ty\

ara
.37

2.44
.184.m-

1.04
1.50
.46

2.M
.95

1.00
.34

1.87
1.52
1.88
1.30
1.59
.00

1.24 
.a)
.1*
.05.m
.33
.20 
.00

1.47-
7.88-.m
L3&
:.,83
.01
.46
.11

1.20
.45

1.78
1.44
1.41
.10

1.43
L88
1.02
.41

0.09
.87
.85
.25
.89

1.52
2.17
.04
.17 
.36
.65
.04

1.WS
.g
.01.m
.11
48

1.»
.53
.20
.70
.26
.10
.34
.12
.06
.26

191
.60

1.34
1.35
.45
.31

0.00
.71
.32

2.10
.18
.06
.29
.08
.00 
.17
.04
.00
.16
.02

1.25 
.00
.0»
.04
.15
.33
.28
.34
.12
M
.32
.20
.05
.43
.58
Tr.
.OS
.04
.18

1.14

0.68
.01
.00
.05
.01
.00
.00
.03
.19 
.00
.05
.19
.48
.00
.01 
.01
.00
.00
.00
.00
.00
.00
.00
.00
.00
.02
.05
Tr.
.Hi
.07
.06
.05
.07
.08

8.41
9.48

11.03
9.77

13.56
9.89
4.76
7.54 
6.61
6.58
.7.90
15.64
3.87
5.14
8.45

12.82
13.73
11.23
11.68
5.48
5.17
7.18
6.50

16.88
5.75

10.11
3.75

16.10
7.88

14.36
9.66a si
2.94

a Estimated.



DERAILED PRECIPITATION BBCOBBft. 301

M.^~MonMy and annual precipitation at 10$ stations w or near 
County Continued.

Sun Bfego (89): eleT*ti<m, 98 feet Contiausd.

Season.

"888-84.............
1884r-85... ..........
1885-86... ..........
ISRfi- R7
1887-88. ............
1888-89.............
1889-90.............
189(^91... ....... ...
1891-02.............
IQQfJUQft

1894-95.............
1895-96.. .......... .
1896-97.............
1897-98....... .......
1898-99.. ......... ..
1899-1900........... 
1980-1901............
1901-2..............
1903-3. .............
1903-4..............
1904-5..............
1905-8..............
IQftfi  7
1907-8- .............
1908-9..............
1909-10.............
1910-11.............
1Q11-19
1912-13.............
1913-14.............
1914-15.............

65-year means......

July.

.00

.00
Tr
Tr
.01
.01
Tr.

00
Tr.

no
Tr.
.00
.00
Tr,
.01
,00
.00 
00

Tr
.92
.00
.00
.16

Tr.
.03
.00

Tr
.01
.12
.14
.06
.00

.06

Aug.

.00
Tr,.13
Tr.
Tr.
Tr.
.04
Tr
.00
.05
.00
.04
.00
.18

Tr.
,00
.07 
Tr
Tr
Tr
Tr.
Tr.
.00
.10
.00
.64

Tr.
.05
.00
.26
.03
,00

.10

Sept.

.00

.07
Tr.
.00
Tr.
.04
Tr.
.65
.08
Tr
.00
.01
.01
Tr.
Tr.
.07
.00
Tr,
.06
Tr
Tr.
Tr.
.50
.12
.00
.20
,m
.17
.10
.00
.02

Tr.

.08

Oct.

2.01
.35
.31
.05
Tr.
.28

2.12
.01
.04
.22
.11
Tr
,27
.97

1 OB
.00
.35 
,30
.28
.06
.07
.17
.25
.03

1.71
.15
.00

1.35
.28
.89
Tr.
1.05

.36

Nov.

.20

.11
1.56
.95

2.08
1.83
.12
.72
.10
.91
.91
.00

1.19
.98
.02
.15
.86 

1.43
.41

1 S3
Tr.
.00

3.38
.62
.05

1.00
2.39

.40

.02

.40
2.23
.86

.96

Dec.

1.82
5.12
.71
.10

1.14
2.84
7.71
1.61
1.29
.69

1.91
2.26
.27

2.18
,32
.87
.65 
.00
.02

3.58
.35

2.46
.38

4.02
.43
.27

3.76
.15

1.39
.03
.72

2.21

1.80

Tan.

1.34
.35

6.95
.04

1.96
1.72
2.79
1.21
1.58

.78

.29
7.33
1.27

.3.13'
1,71
234
.69

2.08
1,70
.69
.04

2.16
.98

3.27
2. gO
3.57
2.00
3.35

.6ft
1.19
3.59
4.91

1.86

J%b.

9.05
.02

1.51
4.51
1.48
1.80
1.70
4.84
2.96

.47
.49
.53
.02

2.72
.06
,30
.03

4 77
1.57
2.27
1.50
5.90
2.62

.45
2.41
1.76
.19

4.92
.00

?,.40
1.90
3.62

1.99

Mar.

6.23
.78

3.73
.02

2.79
2.20

.41

.27

.96
5.50
1,05
1.43
2.89
1.53

.91

.K5

.53
1.07
1.86
1.17
2.17
2.98
4.68
1.62
.«!

2.62
1.30
.92

5.72
.42
.36
.33

1.48

Ajar.

2.84
1.20
t.9S
2.14
.10
.19
.05
.76
.41
.22
.11
.11
.25
.02
.22
.29

1.26 
,01
.21

1.40
.15
.30
.98
.13
.35
.02
.08
.65

2.13
.08
.85

1.15

.64

May.

2.17
.61
.04
.47
.22
.03
.08
.35

1.15
.39
.09
.19
.03
.12
.66
.10

1.45
.77
.06
.14
.12
.35
.72
.07
.16
Tr.
.05
.01
.17
.07
.08
.23

.32

JUT*,

.31

.06

.07

.04

.04

.10

.00

.05

.131-.

.01

.00

.01T*.

.02

.27

.08 

.02
Tr.
Tr.
.00

Tr.
.03
.19
.00
Tr.
.00
.01
.16
.09
.00

Tr.

.05

TotaL

25.97
a 67

16.96
8.32
9.82

11.0215.02
10.47
8.70
9.26
4.97

11.90
6.21

11.78
4.99
5.24
5.97 

10.45
6.17

11.76
4.40

14.32
14.68
10.62
8.55

10.23
9.79

11.99
10.72
5.97
9.83

14.41

9.69

El C*Jon (40); elevation, S70 feet.

[Authority, TJ. S. Weather Bureau.]

1875-76.............
1876-77............. 
1899................ 
1899-1900...........
1900-1901...........
1901-2..
1902-3..............
1903-4..............
1904-5..............
1905-6..............
1906-7..............
1907-8..............
1908-9..............
1909-10.............
1910-11.............
1911-12.............
1912-13.. ...........
1913-14..
1914-15..... .. ......

16-year means.. ... .

0.07
"o.'oo"

,00
.10
.75
.00
.00
.03
Tr.
.00
.16
.00
.34
.06
.00
.20
.00

.10

Tr.
.00
.11
.00
.00

Tr.
.01
.13
.00

RQ
.15
00

.00

.32

.33

.00

.12

0.00
Tr.
.00
.00
Tr.
Tr.
.57
.30
.00
.32
.00
.15
46
00

.00

.10

.12

0.67
.40
.32
.20
.20
.27
.25
Tr.
2.10
.59
.00
QJ
OQ

.77

.02
1 no

.51

1,99
.14 

"i."39*

2.81
.28

1.73
.00
.00

4.89
1.52
.62
ftd

rt QM,

sa
.00

*ZR

2 fi3

I oe

1.41

1.01
.07 

"~."87~

,00
.43

2.21
.10

2.73
.55

4.14
E7

1 IS
4 71

oo
t *S»

AK
1,08

1.46

3.83
~2."i5~ 

1.33
1.89
2.28
.84
.17

2.67
1.20
4.35
4.58
5.31
2.72
4.74
.50

1.50
4.58
6.49

2.82

?! 71
"."55" 

.11
2.66
2.49
2.97
2.19
9.22
2.13
.85

3.39
2.83

.35
4.00
.00

3 1ft

4.00
4 99

2.78

2.53
1.00 
1.15 

.71
2fi7
2.81

2.66
4.23
6.56
3.06
1 14L

3 07

2 It
I on
7 an
1 AQ

.60
1 QQ

2.69

0.11
.40 
.08 

1.30
.69
.33

1.29
.10
.36

1.66
.44
.69
.00
.24

1.07
2.42

1*25
9 QA

.93

0.02
"".'64'

1.48
.67
.04
.14
.29

1.02
.73
.20
.23
.00
.00
.00

1.29
.16
VJ

1.42

5.00

0.02
"."52" 

.19

.11

.00
Tr.
.00
.00

25
.00
.00
.00
.00
.70
.10
.16
.00

1.00

8.05
11.60
9.19

11.46
5.71

20.50
18.62
15.24
13.52
15.50
13.29
13.75
15.10

o f\A

15.25
91 71

13.53

Lakeside (41); elevation, 500 feet.

[Authority, San Diego & Southeastern Ky. Co.]

1909-10.. ........
1910-11.............
1911tl2j... ..........
1912-13.............
1913-14.. . .
1914-K-. ...........

6-year means.......

0,05
.00
.00 
.00
.t»
.00

.00

0.00.oH
:S
.04
.00

.04

400IK
;8
.00
.03

.09

0.00
.75
.15
.62
.00

I ftQ

.42

3.06
1.00
.00 
.00

n etn

1.60

1.38

3 QA

.43
1.72 
.00

I Ad

3 AJ

1.70

S na

3.56
.50

1 Q1T

4 AR
K QO

3.33

0 ^£
4.95
.00

3 Of

3.02
s as

2.61

1.72
i IB
0,77 
.98
.54

1 19

2.09

0.10
.77

3.22 
.43

1 24
2.17

1.32

0.00
.00
.85 
30

J33
1.82*

.51

0.00
.00
.70 
.04
.02
.00
t<i

18 95
13.82
14.41
7 7*1

13,19
20.61

13.62
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TABLE 64.  M&nihfy «wrf-0*m»al p'edpitatiQn at 106 station? *r ff
County-.   Continued.

End Of fittm« new 1A Mesa (42); elevation, «40 feet.

[Authority, Cuyamaca Water Co., W. S. Post, engineer.]

So® Diego

Season.

1899-1900...........
1900-1901...........
1901-2..............
1902-3..............
1Q03-4 ...
1904^5..............
1905-6..............
1906-7..............
1907-8..............
1908-9. .............
1909-10.............
1910-11.............
1911-12............. 
19ia-13. ............
1913-14.............
1914-15............. 

16-year means ......

July.

0.00
.00
.00
.86
.00
.00
.00
.00
.00
.00
.00
.47
.27 
.00
.W
.00 

.11

Aug.

0.00
,00
.00
.00
.00
.00
on
00

.00

.90
ia

.00

.00 
,?4
.00
.00 

.08

Sept.

0.00
.01
.00
.00
.03
.00
.35
.42
.00
.41
.00
.00
.10 
.00
.00
.03 

.08

Oct.

0.62
.31
.39
.20
.04
.23
.12
.00

1.07
.07-.03
.99
.24
.44
.00

1.28 

.38

Nov.

1.35
2.76

.37
2.17
.00
.00

3.08
1.35
.40
.11

3.06
1.10
.05 
.46

3.79
1.06 

1.32

Dee.

0.81
.00
.27

2.70
.10

3.21
.65

4.91
.66
.73

6.83
.25

1.53 
.00

1.07
3.36 

1.57

Jan.

1.28
2.90
2.44
1.07
.18

2.69
1.35
4 ATI
3.57
5.47
2.38
4.57
.74 

1.70
4.30
7.34 

2.89

Feb.

0.00
6.06
2.90
2.77
1.83
7.76
2.08
.96

3.46

22
4.72
.00 

3.21
3.72
6.53 

3.08

Mar.

0.70
.70

2.24
1.83
3.00
4.05
6.64
3.24
1.35
3.10
1.80
1.41
7.58 
1.12

.63
1.88 

2.57

Apr.

1.39
.75
.20

1.53
.12
.42

1.78
.31
.82
.05
.45

1.27
I\66 
.21

1.61
T.94 

1.03

May.

1.45
.19
.17
.04
.23

1.23
.63
.20
.42
.OS
.00
.00
.69 
.29
.20

1.61

.45

June.

0.00
.00
.00
.00
.00
.00
.00
.35
.00
.00
.00
.06
.42 
.11
.11
.00 

.06

Total.

7.60
13.68
8.98

13.17
5.53

19.59
16.68
16.14
11.75
13.88
13.94
14.84
14.18
7.78

15.53
26.01 

13.69

Los Coches Creek (43); elevation, 710 feet.

[Authority, Cuyamaca Water Co., W. S. Post, engineer.]

1900-1901...........
1901-2..............
1902-3. ...... .......
1903-4..............
1904-5..............
1905-6..............
1906-7..............
1907-8..............
1908-8..............
1909-10.............
1910-11.............
1911-12.............
1912-13.............
1913-14.............
1914-15.............

15-year means......

0.02
.61
.00
.00
.00
.00
.00
.00
.00
.10
.00
.00
.10
.00

.06

a oo
.00
.00
.00
.00
.04
.00
.52
.27
.00
.00
.38
.22
.00

.10

0.00
.00
.13
.00
.93
.35
.00
.65
.00
.03
.08
.00
.01
.09

.16

0.22
.40
.19
.51
.25
.05

1.44
.53
.03
.68
.28
.74
.04

1.03

.45

a 32
1.73
.00
.00

4.08
2.09
.56
.65

8.17
.99
.06
.58

2.80
1.60

1.33

9.34
.08

2.38
.12

1.9R
.60

5.78
.48

1.38
4.78
.43

1.44
,00
.89

9 QA

1.67

2.35
1.1S
,25

2.52
1.2®
4.58
3.98
4.01
3J.2S
4. IS
.47

1.57
4.80
6.43 '

2.84

2.03
3.20
2.35
1,77
l.«8
.«a:*

8.77
.48

8.71
.00

8.47
4.10
5.91

3.15

3.44
1.96
2,fi3
*70
6.36
$.99
M2.50
2.1 ft
1,19
4S4
.87
.74

1.38

2.79

C.50
.49

1.21tte
.4«

JJ&,
.i«
.68
.06
.10
.65

SM
.23

1 32
2 62

.88

ft 47
.Oft
 OS
.7fi

L08
.83
.16
.19
.03
.00
.00

1.20
2ft

.W
1.84

.43

a oo
.00
.00
.00
.00
.01
.12
.00
.00
.00
.00
M

.22

.12

.00

.07

10.31
9.01

12.67
6.52

20.97
17.83
16.95
12.25
13.10
13.18
11.96
13,63

8.31
15.30
23.36

13.69

Chocolate Creek (44); elevation, 7«« feet.

[Authority, Cuyamaca Water Co., W. S. Post, engineer.]

1899-1800.. .........
1900-1901...........
1901-2...............
1902-3..............
1903-4;.............
1904-5..............
1905-6..............
1906-7..............
1907-8..............
1908-9..............
1909-10......;......
1910-11.............
1911-12.............
1912-13.............
1913-14.............
1914-15.............

16-year means. .....

0.00
.00
.00
.36
.00
.00
.00
.00m
M
.00
.SI
.00
.04
.06
.ofl
.05

0.00
.00
.00
.00
.00
.00
.oft
.25
.W
.67
.*»
,00
.00
.63
'H
.00

.16

0.00
.00
.00
.00
.14
.00,m
.49* .00'
.M
.00
.28
.12
.00

.,00
,0»

.16

0.00
.15
.00
.35
.17
.53
.07
.05

1.98
1.20
.00
.80
.30

1.0S

1 OO

.48

a oo
4.08

4ft

1.95
.00
.00

3.38
t Qfi
1.18

. .80
3.55
1.37
.10
.80

3.13
1 99

1.49

1.00
.00
.05

2.21
.00

2.04
1.15
6.98
.71
.69

6.56
.66

1 84
.00

1.86-
q fyj

1.74

2.99
2.88
8.19
1.78

9A

4.0?
t Oft

5.39
4.1ft
8.17
2.71
4.38
.53

2.38
f 6. 50
6.51

& 66

0.00
8.08
2.26
408
2.87
8.91
4.43
1.S»
4.73
A Atjt *s
4.20,m
6.03
5.22
f.;W

4.05

0.96
1.20
4.33
2,08
A QK

5.76
8.68
8.41
2.11
3.36
O AQ

1.37
9 71

J A<*

,97

3.81

2 06
,mOK

if
' U.
1.59
.62

1.38
.22.
.33

1 9Q
3 10
.49

247
8 QA

t'86

1.65
,63
.06

fi&'24
1,32
1.30
.23
.47
.05
nn

.09
"1 &f

na

Of|

o on

.65

0,00
.00
.00
.00
.00
.00
.05
.43
.00
.00
.00
.00

KA
nn

.17.00"

.08

8.66
17.62
11.14
14.27
7.77

23.76
23.42
20.34
16.66
20.22
17.47
1*4 ftA

17 91
33.43
10 S
4V» Att

47.07
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TABLE 6<i,~+~Montbt& and manual precipitation at 198 stations in &r
County Gontbttuefl,

. tHvfertlR*d«n<4S); elevation,8*8 feet.

{Authority, Cuyamaea Water Co., W. S. Post, engineer.}

, £03

San Diego

Season,

1899-1800. j.. .......
1900-lfOl. ...........
1901-2..............
1902-3..............
1903-4..............
1904-5..............
1905-6...............
1906-7..............
1907-8..............
1908-9..............
1909-10.............
1910-11.............
1911-12.............
1912-13.............
1913-14.............
1914-15.............

16-year means ......

July.

0.00
.no
.00
.40
.00
.00
.00
.11
.00
,00
.52
.11
.00
.03
.11
.02

.08

Aug.

a oo
.00
.03
.00
.00
.00
.00
.95
.00
.58
.68
.00
.00
.36
.11
.00

.17

Sept.

0.00
.00
.00
.00
.19
.00
.38
.66
.00
.57
.00
.28
.13
.00
.11
.00

,14

Oct.

0.80
.07
.25
.35
.11
.25
.23
.64

2,74
.3fi
.00

1.10
.30

1.05
.04

1.30

.59

NOT,

1.«fi
4.83
.37

2.24
.00
.00

3.43
2.19
.26
.62

2.82
1.62
.10
.61

2.99
1.09

1.52

Dec.

0.90
.00
.00
ill
.00

1.30
.98

7.10
.50
.93

5.93
.75

1.13
.00

1.11
3.34

1.63

Jam.

3.95
2^72
2.70
1.21
.27

2.97
2.21
6.01
4.08
6.71
3.41
5.40
.44

2.36
5.69
fi.62

3.59

Feb.

0.05
6.69
2.26
4.37
2.23

10.06
4.20
1.71
8,99
4.50
.51

4.09
.00

3.91
4.11
6.35

3.69

Mar.

0.87
1.28
4.22
3.20
3.76
6.55

11.87
4.07
1.84
3.06
2.68
1.47

10.13
1.40
.81

1.65

3.65

Apr.

\,m
.44
.78

2,25
.30
.95

1.75
.40
.99
.06
.30

1.10
3.29
.19

2.32
2.86

1.22

May.

1.18
1.08
.02
.08
.23

2.8*
1.82
.10
.65
.00
.00
.00

1.84
.19
.34

2.30

.74

" -Tie.

a oo
.00
.00
.00
.00
.00
.00
.34
.00
.00
,00
.00
.53
.08
.20
.00

.07

Total.

10.52
16.58
10.63
16.21
7.09

24.46
26.37
24.37
15.05
16.38
16.85
15.92
17.89
10.18
17.94
25.53

16.99

East Cuyamaca (46); elevation, 4,600 feet. 

[Authority, Cuyamaca Water Co., W. S. Post, engineer.}

1912-13.............
1913-14.............
1914-15......;,......

3-ywvr "wasns' - .

a<X42
.72
.00

.38

aft 82
.81
.46

.33

2.10
.43

.84

a2. 76
.22
.46

1.15

«1.20
3.18
1.38

1.92

0.04
1.75
3.53

1.77

l>2.52
4.86
8.74

5.37

6,20
5.16
6.81

2.72

1.86
1.05
1.01

1.31

1.03
.77

3.22

1.67

0,22
.50

2.44

1.05

0.13
.10
.00

.08

16.70
20.62
28.48

21.93

Schilling (47); elevation, 4,850 feet. 

[Authority, Cuyamaca Water Co., W. S. Post, engineer.]

1912-13.............
1913-14.............
1914-15.............

3-year means .

00.42
.89
.00

.43

"0.32
1.35
.20

M

oTr.
.60

nft

.23

"2.76
.14
.83

1.24

01.20
5.66
1.41

2.76

0.04
2.46
5.35

2.62

61. 0«
8.08

11.09

6,74

5.61
5.94
9.83

7.13

01.79
L88

Oft

1.48

1.05
2.70
4 04

2.90

0.51
.17

3.90

1.63

a 29
i- .46

.00

.25

15.05
30.10
38.59

27.91

Campo (48); elevation, 2,643 feet. 

rAuthorfty, XJ. S. Weather Bureau.]

1876-77.............
1877-78.............
1878-79.............
1879-80.............
1880-81.............
1881-82.............
1883-83.............
1888-89.............
1889-90.............
1890-91.. ...... . t ...
1891-92. .....:. .....
1892-93.............
1893-94.............
1894-95.............
1890-1900. ..........
1900-lflOT... .........
1901-2..............
1902-8..............
1903-4..............
1904-S. '.";. . ......:.
1905-6..............
1908-7..............
1907-8...............
1908-9..............

6.50
2.32
.00
.12
.07
.62

.68
2.2ft
.00
.00
.00
.1)0
.24
,00
.61

2.24
.00
i«S
.00
.18
.00
.26

0.00
.01
.00
.41

1.27
.63

i.s6
H.10

.<¥>
;$» '  «W
<«J>M
.n,m-
.00

1 . HO
.25
t«

,00
.00

0.00
.00
.00
,01
.03
.02

* .60
1.80
.00^m.m
.25

l.«1

»|7
*«4
.68'An

.00

.40

0.35
.31
.00
.68

TO
.46

1.10
.44
.00
.12
.11
.46

L15
.28

1.03
.03
.03
to

Tr,
.10

2.46
1.72

1.M
.55

3.00
.86
.11

1.57

1.67
.95

.71
8.38
1.57
2.65
A. 47

JO

« *v?

.00

.00
5.85
3.23
.25
.77

3 44
1.29
2 23
4.85
.24

2,59

g 34
*) Sft
ft 91

CA

2.08
2.59
.10
.00

00

« t\A

.00
I CO

1 1O

7.15
.12

1.83

2.42
1.79
2.18
3.00
1.74
9 1ft

2.42
2.40
.00

IK

3.55
6.89

.55
2 A3

4.28
I Off

.41
4.32
Q QQ

K Ojl

4.21
8.41

4.74
5.45
1.32
8.15
.53

4.57

4,66
7.25

13.30
4.56
3.65
5.83

2.07
O OO

4.72
4 93
o RQ

11 CU
4 fiA

L67
± on
5.43

2.29
1.84
.60

3.56
6.00
1.01

4.00
1.69
.50

8.30
7 10
1.01

1 114.
.69

4.00

4.19
6.87

10.20
 S.QI
1 91
4.05

1.08
6.75
2,01
4.00
1,52
1.10

1.90
\,m
1.20
1 9£
1.54

sn  

.10

.64
1.88

.40

. IM
1 ftfl

,«5pp

.71
.tt>

0.91
.41
.00
.00.n

10

.45
, on
7e

O TK

.41
4 38

1 18
.07
.11
.52

SL fift
.70
.41

1.01
.00

0.00
.00
.00
.00
.04
.26

.10
.Ifi

fHl

.00
. na

.00
^?ts.J®tm
.00
.26
.00
.00

20.03
10.59
17 ad
15.87
12.60

OA QA
rtfl an
*m ei

' 17.67
25.31

  t*! tfi
1* ii

90.00
ft TO

27.07
25.42
t K KT

22.87

Estimated. * Probably low. Shows actual oaten of snow.
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TABLE 64. Monthly aad ssSfcttai pmsptiofwm <e£ 10S «towj«* tn or near $an
.Cb«n% Continued.

Season.

1909-10.............
1910-11.............
1Q11 19

1912-13.............
1913-14.............
1914-15. ............

25-year moans ......

July.

.00
3.44
.40
.15
.36
.75

.60

Aog.

.00

.00

.00

.20
1.77
.00

1.18

Sept.

.on
1.94
.00
.00
.00
.22

.33

Oct.

,00
1.03
.00
.98
.05
.88

.50

Nov.

3 44
1,1?
.10
.92

2.39
.76

1.56

Dec.

5.82
.15

9 flS
,00

1.49
3.99

2.31

Jan.

4 QA
4.65
.§4

&75-
5.85
6.36

3.33

Feb.

.66
5.70
.00

J.27
4..07
4.47

4.68

Miur.

2.25
1.40

Id 67
1.90
.92

1.74

8.31

Apr.

.32

.96
f.51
.33

f.34
1,50

1.56

May.

.00

.00
1.52
.13
.78

2.56

.86

Juae.

.00

.00

.15

.20

.00

.00

.11

Total.

17.42
20.39
19.07
12.83
20.02
23.23

20.33

Bnekman Springs (49); elevation, 5,450 feet (?). 

[Authority, Cuyamaca Water Co., W. S. Post r engineer.]

'1914-15............. .70 .00 .68 .91 .68 5.06 8.76 6.55 1.67 1.73 4.89 .00 31.63

Morena dam (50); elevation, 3,000 feet. 

L Authority, Southern California Mountain Water Co.]

1906-7..............
1907-8..............
1908-9..............
1909-10.............
1910-11.............
1911-12.............
1912-13.............
1913-14.............
1914-15.............

0.00
.00
.06
.97
.96
.43
.43
.00

.36

0.00
.86

1.64
.00
.00
.30

1.64
.00

.56

0.00
1.31
.00
.47
.06
.00
.26
.10

.25

2.64
1.29
.00

1.3ft
.71

1 19
.00

1.38

1.07

0.41
1.31
3.99
1.91
.14

1.18
2.40
.61

1 40

0.61
1.20
5.64
.4ft

1.75
.48

2.00
4.26

2.05

6.44
5.61

10.90
5.69
4.3S
1.09
3.11
5.54
8.00

5.53

1.59
4.98
5.55
.98

6.39
.06

4.86
4.76
5.78

4.17

4.71
1.90
4.22
2.78
2.04

12.07
2.71
1.02
2.34

3.64

0.84
1.18
.17
.38

1.59
8,59
.5»

1.94
4.08

1.69

0.39
.92
.00
.00
08

1.25
,1
.41

4. IS

.87

0.88
.00
.00
.00
.00
.14
.31
.27
.00

.09

18.25
26.81
21.16
19.52
21.82
15.44
20. 87
30.68

21.79

La Jolla Indian Reservation (51); elevation, 3,800 feet,

[Authority, U. S. Weather Bureau.]

1911-12.............
1912-18.............
1913-14.............
1914-15.............

aO.80
.18
.14
.00

.28

oO.OO
.96
.60
.00

.39

aO.40
.00
.14
.00

.14

aO.40
2.35
.05

2.23

1.26

aO.10
1.33
8.41
1.19

f.W

o2.00
.78

3.46
4.56

aw

1.18
3,02

10.08
11.05

4.tr

Tr.
7.64
8.97

11.94

r«4

12.05
2.67
2.45
3.48

5.16

4,73
1,43
3.18
ft. 90

4. OR

2.10
.73
.10

4.63

L89

aos
.62
.94.m
.40

23.8121. n
33.52
45.98

31.26

, (52); deration, S.440 feet.

[Authority, Arch. Canjpbell. Copied from U.S. Geologic$i Sum v reeords-1

1884-85.............
1885-86.............
1886-87.............
1890-91.............
1894-95.............
1895-96............. 
1896-97.............
1897-98.............
1898-99.............
1899-1900...........
1900-1901...........
1901-2. .............
1902-3..............
1903-4.............. 
1904-5.............. 
1914-15.............

10-year means.

0.00 
.21

1.15 
.00 

1.50 
.00 
.00 
.00 
.00 
.42 

2.32 
.00 

1.67

.54

1.87 
2.43

2.83 
.00 

3.83 
.00 
.00 
.00 
.80 

4.25 
.00 
.45 

6.95

.34

"6."66"

.00 

.00 

.00 

.03 

.00 

.00 

.20 

.00 

.00 
1.08 
.M

.13

0.44 
.29

.00

"sYsT
2.50 
.00 

1.85 
.40 

1.42 
.48 
.00 
.67

1.21

2.71 
1.40

.00 
6.40 
2.48 
.00 

a. 00 
2.70 
6.20 
.54 

3.23 
.00 
.00

1.73

0.60

9.97

2.74 
1.80 
a.00 
1.65 
.00 
.35 

2.95 
.05

2.16

17.44 
3.55 
&60

3.30 
5.t» 
.40

,S6 
&'i<i"

4.09

i'OT

1.08 
8.10 

Ift 
f ,87

L^» *"
*%M

*S4

2.70 
5.60 
.00

00 
1.00 
.95 

«,15

eo-;M"
&.m

2.10

.00 
I.S5 
.00

4.

3.80 
.71 

1.05 
3.20 
2.00'ir«"
J.85

1.36

.60

.45 

.25 

.00 
44 

.00 
2.19 
2.09 
.11 
.54 
.50

"."54" 

.84

0.17

.00

.00 

.00 

.00 

.00 

.00 

.30 

.Oft 

.21 

.15 

.00".'of

,06

37.41 
17.35 
18.58 
16.87 
16.60 
17.16 
34.75 
12.25 
14.87 
10. <&

1&59

o Estimated.
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TABLE 64. Monthly and annual precipitation at 106 stations in or near
County Continued.

Barrett dam (53); el«r«tkm, l.WO feet.

[Authority, Southern California Mountain Water Co.]

Season.

1908-9..............
1909-10.............
1910-11.............
1911-12.............
1912-13.............
1913-14.............
1914-15.............

6-year means.......

July.

0.00
.53
.6ft
.05
.26
.00

.25

Aug.

1.07
.00
.Of)
.11
.63
.00

.30

Q_  j.oept.

aoo
.63
.06
.00
.75.o&
.22

Oct.

aoo
1.03

34
.81
.00

A Oft

.74

Nov.

3.10
1.10

Aft

.62
1.80
1 1Q

1.32

Bee.

4*ot
.55

1.70
.05

1.17
466

2.16

Jan.

«.8»
4.39
3.01
.48

2.44
4.28

11.05

4.27

Feb.

471
.78

5.34
.07

5.04
4.37

11 O4

459

Mar.

3.83
2.13
1.54

10.93
1.91
.78

3.48

3.46

Apr.

0.04
.28
.69

3.30
3.1

1.72
6.90

2.21

May.

0.00
.00
.00

1.25
.18
.38

463

1.07

June.

C.OO
.00
.00
.08
.21
.11
.00

.07

Total.

1&04
14.32
18,9?
HIT?
16.25
45.98

20.66

Jamu! Store (54); elevation, 1,040 feet.

[Authority, dty of San Diego.]

1914-15............. 0.00 0.00 .0.11 O Q9 1.15 3.13 6.57 485 1 id 2-70
,

El CajoB Valley-Sweetwater Pass (55); elevation, 67O feet.

[Authority, Cuyamaca Water Co., W. S. Post, engineer.]

1908-9..............
1909-10.............
1910-11.............
1911-12.............
1912-13.............
1913-14.............
1914-15.............

aoo
.00
.22
.Of)
.00
.15
.00

.05

a 71
.09
.00
.00
.25
.14
.00

.17

a 21
.00
.10
.52
.00
.02
.09

.13

a«»
.00

1.81
.18
.86
.02

1.21

71

a 82
2.81
.86
.05
.41

3.01-
1.14

i ^n

1.67
417
.27

1.27
.00
.62

3.13

1.59

3.14
1.95
3.59
.27

1.42
4.73
5.5S
,0 QC

2.30
.20

2.99
.00

2.7*
3.80
5.28

2 48

3.08
1.69
.90
.00

1.12
.59

l.OS

1.21

aoo
.16
.61

1.97
.15

1.26
2.33

.92

0.06
.00
.00

1.03
.25
.31

1.25

.41

C.OO
.00
.00
.72
.13
.09
M

.31

12.88
11.07
11.35
6.01
7.37

14.74
21.09

12.07

Pine Hills Hotel (56); elevation, 4,100 feet.

[Authority, Volcan Land & Water Co., W. S. Post, engineer.]

1913-14.............
1914-15.............

aO.40
.67

.53

1.45
.00

72

aO.OO
.30

.15

0.10
1.85

.97

7.80
1.20

450

2.75
5.96

435

10.20
11.05

10.62

7.65
13.00

10.32

2.1O
2.88

2.49

4.00
6.20

5.10

aoo
«5.70

2.85

0 50
.00

.25

«36.95
048,81

42.88

Fattbrook (57); elevation 7«Ofeet.

[Authority, U. a. Weather Bureau.]

1875-76.............
1876-77.............
1877-78.............
1878-79.............
1879-aO.............
1880-Sl. ............
1881-82.............
1882-83.............
1883-84.............
1884-85.............
1885-86.............
1886-87.............
1887-88.............
1888-89.............
1889-90.............
1890-81.............
1891-92.............
1892-93.............
1893-94
1894-95.............
1895-96.............
1896-97.............

0.15 
.00
.00
.00
.03
.00
Tr.
.00
.00
.00
Tr.
.05
.03
.Oft
.00
.(»
no

.13

.04

.00

.05

0.00 
Tr.
Tr.
.05
.26
.00
.12
.«
.OS-
.02
.11
.on
.00
.07
.26
.00
00

.00

.18

.00

.05

0.20 
.00
.00
.00
.11
.00
.03
.flft
.26
.00
.12
,m
.00
.06
.49
.13
.00
.OS
.33
.00
.00

0.23 
.59
.32
.42
.74
.57
.70

2.96
.53
.00
.04
.20
.80

2.11
.00
.02
.32
.86
.06
.06

2.68

0.07
.58
.25

3.61
1.27
.24

1.01
.00
.54

5.92
1.95
2,08
3.48
.58
.58
.01

2.85
1.46
.00

1 46
1.22

0.08 
402
1.64
5.57
3.22
.35
.33

3.32
7.07
1.13
.30

3.56
6.13

15.53a 22
2.64
2.14
3.58
6.09
.47

2,13

6.17
3.41 
3.19
3.21
1,46
3.51
2.65
3.46
3.56
.92

9.76
.28

3.80
1.49
5.14
.40

1.10
3.40
.87

12.52
3.45
4.20

3.78
.59 

8.01
.90

1.86
.73

408.
2.68

15.36
.13

1.13
5.65
2,55
2.35
2.28

11.93
4.59
3.72
,1.10
1.59
Tr.

6.61

2.77
2.28 

,2.08
.2fr

,2.12
2.98 :
2.42
1.89

10.90-
.29

4.70
.05

5.88
7.97
.80
.56

2.71
8.06
1.8ft
2.14
3.44
4.37

0.15
.55 

463
.83

499
.67

1.64
1.23
a ia
2.38
3.43
2.02
.28
.63
.00

1.35
.6*
.49
.OS
.61
.26
.06

a 6i
1.11 
1.41
.03
.05
.00
.09

1.87
1.02
.29
.00
.24
.81
.47
.30
.89

1.4*
.29

, .3!
.24
.13
.21

0 00
.00 
.33
.23
.02
.00
.26
.00
.52
.11
.14
.06
.02
.11
.02
.00
.»
.00
.00
.00
.00
.00

8.67 
24.84

7.70
20.45
13.47

. 12.24
13.32
49.77
12.70
26.23
10.82
20.10
23.46
26.91
19.68
13.49
21.27
9.81

23.85
9.27

21.53

115636° 19 WSP 446  20
a Estimated.
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TABLE 64. Monthly and annual precipitation at 106 stations in or near San Diego
Co«»% Ccmtiiiued.

FaUbrmb (57); elevation, 700 feet Continued.

Season.

1897-98.............
1898-99.............
1899-1900...........
1900-1901...........
1901-2..............
1902-3..............
1903-4..............

27-year means. .....

July.

.01
Tr
.00
.00
.00
.W
.00

.03

Aug.

Tr
Tr
.03
.00
.OS
00

.00

.05

Sept.

Tr.
Tr.
.00
.06
Tr

00
.15

.10

Oct.

2.82
no

1.25
.23

O7

29
.11

.73

Nov.

.17

.02
2 on
5.06
.75

2 Oft

.05

1.51

Dec.

.38
1 fU

2.2?
.00
Tr

4.00
.0,5

2.98

Jan.

2.65
3 C-I

3 9fi
4 24
2 84
3 11
.48

3.39

Feb.

.71
66
on

6.17
o A&

3 qq

2.94

3.38

Mar.

1.48
o 90

.76
At)

3 52
5 19

2.99

.Apr.

46
.16

1 00
.10
.75

4 OK

1.37

May.
*

2 93
IS

1.76
1.26
.11
.08

.62

June.

.07
on

Tr.
.06
.05
.05

.12

Total.

10. 93
8 7fl

1 o AT

16.60
12.45
00 AQ

17.27

Divide between Santa Ysabel and Warners (58); elevation, 3,2 ̂ o feet. 

[Authority, Volcan Land & Water Co., W. S. Post, engineer.]

1912-13.............
1913-14.............
1914-15.............

o0.10 
.26 
.03

.13

ofl.70 
1.31 
.00

.67

oO.OO 
Tr. 
Tr.

.00

o3.00 
.32 

1.54

1.62

ol.80 
3.51 
1.22

2.18

o0.10 
2.37 
5.35

2.61

o3.00 
9.52 

13.17

8.56

6.76 
6.53 

10.21

7.83

3.06 
1.73 
1.10

1.96

0 99 
3 36 
9 36

457

0.54 
.00 

2.26

.93

0.48
.82 
.08

.46

20.53 
29.73 
44.32

31.53

Rincon or Warner's ranch (59); elevation, 2,975 feet. 

[Authority, Volcan Land & Water Co., W. S. Post, engineer.]

1912-13.............
1913-14.............
1914-15.............

aO.20 
.26 
.53

,33

00.40 
.90 
.00

.43

aO.00 
.00 

Tr.

.00

o2.20 
.40 
.94

1.18

oO.SO 
2.74 
1.00

1.51

o0.10 
1.71 
4.91
2*24

03.00 
8.75 

11.69

7.81

7.92
8.24 

12.98

9.71

2.09 
2.00 
1.69

1.93

0 49 
1.98 
7.54

3 34

0.18 
.00 

1.29

.49

0.32 
.22 
.14

.23

17.70 
27.20
42.71

29.20

La Mesa dam (60); elevation, 500 feet. 

[Authority, Cuyamaca Water Co., W. S. Post, engineer.]

1912-13.............
1913-14.............
1914-15.............

ofl.00
.12
.00

.04

aO.25
.00
.00

.08

00.00
.00
.00

.00

aO.60
.00

1.35

.65

a0.40
2.99
1.17

1.52

oO.OO
1.01
2.67

1.23

1.43
4.13
6.50

4.02

2.61
3.12
5.14

3.62

1.04
.61

1.24

.96

020
1.34
2 S3

1.46

0.30
.30

1.12

.57

0.09
.19
.00

.09

6.92
13.81
22.02

14.25

Sutherland dam site (61); elevation, 1,900 feet.

[Authority, Volcan Land & Water Co., W. S. Post, enginee-.]

1913-14. ............
1914-15............. 0.00 0.00 0.00 1.34 1.86 3.96

8.48
9.58

5.54
5.78

1.54
3.27

3.82
6.23

0.70
5.35

0.45
.00 37.37

Santa Maria dam site (62); elevation, 1,400 feet. 

[Authority, Volcan Land & Water Co., W. S. Post, enginee-,]

1913-14.............
1914-15............. 0.00 0.00 0,00 1.09 1.15 4.01

5.83
8.76

4,m
S.S5

0.93
2.10

2.21
2,65

0.70
2.81

0.38
0.00 28.42

Pamo camp (63); elevation, 975 feet. 

[Authority, Volcan Land & Water Co., W. S. Post, engineer]

1913-14............. 
1914-15.............

'6."66" "6."66" "6."02" "o.'IJo" "i.'es" "2.~73" 4.50
7,45

4.33 
6.34

1.14 
1.65

1.37 
3.13

0.53 
4.31

0.24 
.00

"28," is

o Estimated.
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TABLE 64, Monthly and annual precipitation at 106 stations in or near San Diego
County Continued.

Carroll dam site (64); elevation, 250 feet.
[Authority, Volcan Land & Water Co., W. S. Post, engineer.]

Season.

1914-15.............

July. Aug. Sept. Oct. Nov. Dec.

12.77

Jan.

9.04

Feb.

10.29

Mar.

2.80

Apr.

6.44

May.

4 W

Jma.

0.00

ToteL

Point Loma (65); elevation, 302 feet.
[Authority, U. S. Weather Burean.].

iona-4
1OfM ft

1905-6..............
1906-7. .............
1907-S...... ..-.,-
1908-9... ............
ioAQ-in
1910-11. .. ..........
1011 19
1Q19 |0 .

1913-14.............
1914-15.............

11-year means......

Tr.
0.15
.04
.10
.04
.01
.03
.10
.17
.05
.00

.06

Tr.
o.eo
.10
.00

1.26
.00
Tf.
.08
.41
.02
.00

.17

0.04
.28
.21
.00
.38
.07
.08
.25
.01
.03
.02

.13

0.18
.20
.05

1.59
.47
.02

2.33
.50
.43
.04
.90

.61

0.00
3.31
.74
.12

1.03
3.16
.69
.05
.47

2.02
.77

1.12

1.51
.21

3.11
.62
.42

3.19
.40

1 04
.06
.87

2.34

1.25

0.05
3.35
1.16
3.09
3.05
3.39.
2 QO

3.07
69

1 1Q

4.76
5.53

2.93

2.27
5.03
1.92
.52

2.29
1.93
.21

4.56
.16

2.24
2.22
3.86

2.26

2.26
2.27
5.05
1.76
.53

2.31
1.35
1.19
4.67
.42
.76
.49

1.89

0.24
.55
.54
.18
.28
.02
.18
.45

2.37
.13
.80

1.73

.66

0.15
.51
.77
.01
.10
.04
.02
.01
.16
.18
.15
.42

.22

0.01
.02
.08
.33
Tr,
.03
T",
.03
.22
.16
.14
Tr.

.09

13.46
13.67
10.14
8.68

11.32
11.13
12.84
10.27
5.87

11.88
16.06

11.39

Otay (««); elevation, 90 feet.
[Authority, George G. Downes. Gage has good exposure.]

1908-9..............
1909-10. ............
1910-11.............
1911-12.............
1912-13.............
1913-14.............
1914-15.............

0.00
00

.00

.07
,«v
.0*
.00

.04

0.00
.00
.00
.00
.28
.00
.00

.04

0.00
.02
Tr.
.22
.00
.00
.07

.04

0.43
3.79
1.51
.23

43
.00

1.76

1.16

1.08
5.40
.70
.19
.56

1.96
l.ffl

1,59

0.39
2.54
.37

1.20
.00
.92

2.33

1.11

2.72
.,50

2.76
,49

1.50
3.47
5.24

2,38

2.31
1.44
3.10
.00

0 fii

 2.07
3 11

2.09

4.64
.49
.66

5.17
.48
.70
.68

1.83

0.09
.00
.44

1.93
.14
.3ft

1.32

.61

0.00
.00
.00
.12
.10
,18
.45

.12

0.00
.00
.00
.19
.12
.00
.00

.05

11.66
14.18
9.54
9.81
6.45
9.70

16.18

11.07

Low«r Otay reservoir (67); elevation 486 feet.
[Authorities: 1905 to 1914, Southern California Mountain Water Co.; 1914-15, city of San Diego.]

1905-6..............
1906-7..............
1907-S. .............
1908-9..............
1909-10.............
1910-11.............
1911-12.............
1912-13.............
1913-14.............
1914-15.............

0.00
.00
.00
.00
.00
03

.01

.10

.00

.02

0.08
.00

1.20
.00
.00
nn

.20

.05

.00

.17

0.00
.00
.14
.00
.00
.1«
.00
00

.00

.03

0.02
.78
.35
.00

1.34
.24

1.26
.01
.80

M

1.31
.00
.80

1.50
1.39
.06

1 67
9 17

.63

1.09

3.31
.35
00

4.74
90

1 19
.16

1.63
2.58

1.58

0.74
A KA

4.35
0 (\A

1.85
Q 10

7Q

1.51
2 QC

9 77

9 fl7

5M
.74

2.52
O Oft

.05
3.59
.00

o 17

3 Q7

2.15

3.12
2.85
2.00
9 9A

1.56
1.21
7 20
.67
.85
.87

0 1ft

2.75
.35
.73
.00
.52
64

9 40

.15
7fi

1 79

QO

0.72
no

.05

.00

.00
00

1 11
fUL

.15
1.00

97

0 00
.22
.00
.00
.00
.00
.29
.23
00
00

.08

13.51
10.78
11.02
10.22
11.63
13.67
10.09
10.89
14 41

11.80

Los Padres ranch (68); elevation, 490 feet. 
[Authorities: 1901 to 1910-11, U. S. Weather Bureau; 1912 to 1914-15, M. G. Alien.]

1901-2..............
1902-3..............
1903-4.............. 
1904-5..............
1905-6..............
1906-7..............
1907-S. .............
1908-9..............
1909-10.............
1910-11.............
1912-13.-..... .....
1913-14.............
1914-15.... .........

13-year means. .....

0.00
.70
.00 
.00
.00
.00
.00
.00
.00
.00
.00
.00
00

.05

O.ftfl
.00
.00 
.00
.00
.00
.46

1.28
nn

.00

.00
AA

.00

.13

0.20
00

.30 
4ft

.20

.35

.00

.49

.36

.34

.70
AA

AA

.26

0.30
on

.00 

.00

.45
nn

1.57
.76
nn
61

00
.00

I ftfi

.45

0.50

..35
00

4.85
2.26
.87

on

3 49
1.46
.70

2 KA

1.42

1.57

0 40

2.50
2.85
.70

R 07

.00
1 Q9
e An

.60

.00
1.06
9 7R

1.95

3 in
7G

.10
3 97
1 39

5.12
5.05
5.55
3.63
4 AO

1.60
4.70
6.05

3.40

2 60
o en

2.33 
9.62
o <v>
1 tin
1 71
O |-O

.57
5.05
4.02
S Q7

3.76

3 OA

1 05
3.32 
5.05
7 70

3 70

1.77
5.55
*> (\7

1 39
1 00
.70

1.08

2.93

A on

1.50
.25

CO

O 1C
°.Q

1.09
nn
qo

1.02
on

1 05
1 Qi

.82

0.00
.00
.23 
.66

1 17
QA

98
nn
00

fin
.17

« oft

.53

0 00
.00
.00 
.00
.00
nn
00

.00

.00

.00
nn
00

.00

.00

10.70
19 A*\

9.28
OO JQ

Of Kf

18.92
15.50
19.85
15.97
t K. Tt

Q no
14.15
99 97

15.87
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TABLE 64. Monthly and annual precipitation at 106 stations tn or near San Diego

BonH»(e»); deration, 110 feet.

Authorities: 1899 to 1913-14, G. A. Norton; 1914-15, R. M. Alien and V. 8. Weather Bureau. Mr. 
Norton let water of each storm accumulate until end of storm; used redwood stick but was very careful 
to read quickly and so eliminated crawl. Record kept at residence of R. C. Alien, of the Sweetwater 
Fruit Co. Rain gage is U. S. Weather Bureau standard.]

Season.

1899-1900...........
1900-1901...........
1901-2..............
1902-3..............
1903-4..............
1904-^5..............
1905-*.. ............
1906-7..............
1907-8..............
1908-9..............
1909-10.............
1910-11.............
1911-12.............
1912-13.............
1913-H.. ...........
1914-15.............

16-year means ......

July.

0.00
.00
.00

1.15
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00

.07

Aug.

0.00
.00
.00
.00
.00
.00
.00
.00
.00
.72
.00
.00
.00
.15
.00
.00

.05

Sept.

0.00
.00
.00
.00
.00
.00
.69
.00
.00
.08
.00
.00
.35
.00
.00
.08

.07

Oct.

0.36
.28
.37
.04
.14
.26
.30
.00

1.79
.20
.00
.87
.64
.75
Tr.

1.06

.44

Nov.

1.21
L36
.00

1.30
.00
.00

4.12
1.39
.00

i fm
2.66
.84
00

.38
2.06
.81

1.07

Dec.

0.79
.00
.11

2.97
.12

2.16
.58

420
.37
.56

3.69
.20

L61
.00
.75

2.24

1.27

Jan.

0.45
1.53
1.94
.91
.12

1.80
1.12
4.12
3.50
3.73
2.19
2.97
.81

1.88
i in
4.64

2.25

Feb.

0.05
3.65
1.37
2.28
L98
6.64
2.32
.97

2.96
2.21
.38

3.47
.00

2.78
2.21
3.32

2.29

Mar.

0.47
.44

2.61
1.17
2.05
2.93
5.69
2.01
1.14
3.65
1.22
.76

5.17
.64
.78
.95

1.98

Arr.

0.99
T~
.32

1.12
.21
.26

1.77
.16
.42
.00
.46
.50

2.28
.17
77

1.73

.70

May.

1.45
.74
Tr.
.00
.27
.92
.79
.00
.16
.00
.00
.00
.96
.00
.08
.71

.38

June.

0.00
.00
Tr.
.00
.00
.00
.07
.00
.00
.00
.00
.00
.32
.12

nfl
.00

.03

TotaL

5.77
8.00
6.72

10 94
A BO

14.97
17.45
12.85
10.34
19 11

10.60
9.61

12.04
6.87

10.95
15.54

10.61

Roefcwood ranch (7ft); elevation, 430 feet.

[Authority, L. D. Roekwood. Exposure of gage is good. It is on slope 250 feet northeast of house and 
250 feet northwest of barn. Measurements taken with stick graduated in irohes and hundredths. 
Readings made daily since October, 1901. Prior to this, weekly or for storm-, readings being made 
oftener during big storms.]

1893-94.............
1894-95.............
1895-96.............
1898-97.............
1897-98.............
1898-99. ............
1899-1900...........
1900-1901...........
1901-2..............
1902-3..............
1903-4..............
1904-5..............
1905-6..............
1906-7..............
1907-8..............
1908-9. .............
1909-10.............
1910-11.............
1911-12.............
1912-13.............
1913-14.............
1914-15.............

22-year means ......

0.00
.00
.00
.00

rwi
.00
.00
.00
.00
.Of)
.00
.00

ftfl
.00
.00
.00
.00
.00
.00
.00
.00
.00

.00

0.00
.00

ftfl
.00
00

.00

.00

.00

.00

.00

.00

.00
ftfl

.00

.00
1.50
1.50
.00
.00
.78
.00
.00

.17

0.00
.00
.00
.00
00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.30

.00

.00

.00

.01

0.62
.00
.00

1.25
.62
.50
.95
.15
.20
.25

nfi
.50
.00
.00

2.33
.00
.00
.97
.30

1.16
.00

1.20

.55

0.62
.00

2.00
.75
fin
nn

1.68
3.05
.40

2.27
.00
.00

2.18
1.26
.62
.60

3.45
1.41
.33
.00

2.29
1.16

1.10

2.50
3.88
.50

2.00
00

1.00
1.24
.00
.00

L89
.00

1.58
40

4.38
.63
.78

6.88
.33

1.67
.28

1.12
2.52

1.53

0.75
10.25
3.25
3.75
1.75
2.25
5.25
1.63
L99
.82
.10

3.05
2.14
4.77
2.92
6.12
.99

4.55
.85

1.75
5.57
6.92

3.24

0.62
1.00
.00

4.50
.25

LOO
.00

5.22
02.64
3.43
1.28
6.60
2.42
1.30
3.48
3.78
.at

4.88
.00

3.71
3.63
5.19

2.51

1.00
.12

4.50
2.00
1 7i
2.12
.41
.00

40*
2,79-
3.18
6.45
8.27
3.17
L18
100
1.4*
L8S
7.J*
1.11
1.2$
1.21

2.61

0.00
.00
.00
.00
.00
.00

1.16
.00
.50a 53
.55
.86

1.60
^25
.75

ftO
.09
.71

3. 35
.87

1.43
4.37

.90

0.00
.00
.00
.00

LOO
.00

LOS
i on
.00
.00
.21
.90

1.09
.00
.22
.00
.00
.00

1.28
.00
.00

2.12

.44

0.00
.00
.00
.00
08

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

6.11
15.25
10.25
14.25
6.37
6.87

11.74
11 94
9.75

1498
5.32

19.94
18.10
15.13an
1473
14.46
1468
15.54
9.46

15.30
2469

13.04

Boulder Creek (71); elevation, 2,990 feet.

[Authority, Volcan Land & Water Co., W. 8. Post, engineer.]

1914-15.. ........... 12.77 9.04 19.29 2.80 6.44 4.89 0.00

Harvey ranch (72); elevation, 514 fleet.

[Authority, A. M. Logap.]

1913-14.............
1914-15............. 0.00 0.00 0.03 0.84 1.00 2.21

3.77
4.51

2.74
3.66

0.73
.94

0.98 0.15 0.00

« Storm of Feb. 2 not included.
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TABLE 64. Jfonf% and annual precipitation «i 106 stations in or near San Diego
Contnty -Ootitinued.

J*Md HUMfc*«M); elevaHon, 800 feet.

{Authority,Thos. Poppiewell.]

Season.

1911-12.............
1912-13.............
1913-14.............
1914-15.............

2.y*»r THETIS - , -

July.

0.00

.00

.00

Aug.

OflO

00

.00

Sept.

0.00

.00

.00

Oct.

0.90

.87

.88

Nov.

«.SO
2.33
.9?

.81

Dec.

0.00
1.22
2.37

1.19

Jan.

0.60
03.00
4.89
6.66

4.83

Feb.

0.00
4.96
3.54
4.18

4.57

Mar.

10.34
1.44
.90

2.4R

1.96

Apr.

2.83
.19

1.15
2.68

1.44

May.

1.15
.18
.20

1.90

1.04

''Tae.

0.00
.00
.00
.00

.00

Total.

"11.47

22.06

16.77

Dvbara (74); elevation, 1,075 feet.

[Authority, Clark Bros.]

1913-14.............
1914-15............. 0.00 0.00 0.00 1.35

1.64
90

1.13
2.22

5.41
7.65

4.47
5.68

0.83
2.02

1.67
3.33

0.00
.88

0.00
.00 24.03

Manon Valley (75); elevation, 575 feet.

[Authority, Donohoe Bros.]

1913-14.............
1914-15............. 0.00 0.00 0.00 .82 .64

1.73
2.82

4.26
5.51

3.20
3.42

0.56
.53

1.51
3.04

0.22
1.41

0.00
.00 18.19

Winetka Valley (76); elevation, 2,500 feet.

[Authority, L. Harvey.]

1913-14.............
1914-15............. 6.06 6.66 6.06 1.60 1.17 3.09

6.73 
7.86

5.00 
7.40

1.35 
2.52

2.06 
4.71

0.25 0.00

Lyon Peak (77); elevation, 3,755 feet.

[Authority, K. Wueste.J

1913-14............. 
1914-15.............

"6."66" *6."66~ "6~io" ~i.~58" "i.'ei" "s.'ss" "6."35~ "7.~66" "i."32' 2.22 
6.00

0.34 
2.51

0.27 
.00

"§6."62

Lyon Valley (78); elevation, 2,200 feet.

[Authority, R. Wueste.]

1913-14.............
1914-15............. 0.00 0:00 0.10 1.33 1.45 4.34 7.95 9.14 2.66

2.27 
6.13

0.20 
3.49

0.25 
.00 36.59

The Willows (79); elevation, 2,300 feet.

[Authority, F. B. Walker.]

1913-14..............
1914-15............. 0.00 0.00 0.06 1.33 1.16 3.43 7.06 8.09

0.97
.84

2.09 0.16 0.21

 «*teawood (SO); elevation, 875 feet.

[Authority, L. W. Smith.]

1913-14............. 
1914-15.............

'6.~i7~ *6."oo" "6.~o6" "o-'eo" "o.'re" ~3.~29~ ~6."28~ 4.02 
5.05

0.67 
1.84

1.29 
1.98

0.31 
2.65

0.00 
.00

"22." 65
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TABLE 64.   Monthly and annual prmpHatipn at 106 stations in
Cownty * Continued .

Tecate (81); elevation, 1,775 feet. 

[Authority, G. P. Robinson.]

San Diego

Season.

191J-14. ............ 
1914T-15.............

July.

~6'66"

Aug.

"o.'oo"

Sept.

"o.'s?"

Oct.

"o.'ea"

Nov.

"6."62"

Dec.

"a.'so"

Jan.

5.72 
6.41

Feb.

3.81 
5.04

Mar.

0.66 
1.50

Apr.

2.05 
2.62

May.

0.57
2.74

June.

0.00 
.00

Total.

"23." 73

Petrero (82); elevation, 2,390 feet.

[Authority, G. Nelson.]

1913-14.............
1914-15............. 0.00 0-00 0.15 0.87 0.90 3.78

7,12
7.23

4.75
6.65

0.96
2.05

1.93
2.68

0.34
3.03

0.11
.00 27.34

Skye Valley (83); elevation, 2,550 feet. 

[Authority, G. P. Korte.]

1912-13............. 
1913-14.............
1914-15.............

"i.'oo"
.10

"aio"
.00

'i.'io'
.08

"o.'oe"
.85

T95"

1.28

"i.'ss"
3.33

~5." 72"

5.04

3.33
4.92
6-16

1.55 
1.05
1.80

T69"

5.55

0.21 
.21

0.10 
.00

"i9."45

Grigsby's ranch (84); elevation, 2,690 feet.

[Authority, A. B. Grigsby.]

1912-13.............
1913-14.............
1914-15.............

0 35
1.32

.84

2.42
.00

1.21

ol.SO
.05

.77

o0.33
.81

.57

2.20
.86

1.53

1.38
4.36

2.92

5,71
7.31

6.51

5.50
4.35
6.15

5.25

2.32
1.02
2.16

1.59

0.40
2,23
2.28

2.26

0.00
.64

S.28

1.96

0.24
.00
.00

.00

«22. 13
28.58

25.36

El Cajon (city) (85); elevation, 482 feet. 

[Authority, T.' J. Cox.]

1881 82.............
1882-83.............
1883-84.............
1884-85.............
1885-86.............
1886-87.............
1887-88.............
1888-89.............
1889-90.............
1890-91..............
1891-92.............
1892-93.....;.......
1893-94.............
1894-95............. 

12-year means ......

0.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.CO
.00 

.00

0.00
.00
.00
.00
.00
.00
.00
.18
.00
.00
.00
.00
.00 

.02

0.09
.00
.00
.00
.00
.00
.35
.00
.91
.00
.00
.00
.00

.11

0.20
1.67
.24
.08
.13
.00
.65

3.77
.03
.00
.35
.31
.00 

.62

0.49
.10
.13

1.67
1.91
2.33
2.16

18

.80

.11
1.02
.97
.00 

.99

0.29
2 64
6.48
.47
.20

3.07
4.16
8.54
2.56
2.05
1.10
2.12
3.16 

2.81

0.83
1.89

.54
7.29
.00

3.62
1.54
2.38
.60

1.34
1.26
.59

11.32

2.70

1.71
9.66
.58

2.90
4.47
1.30
2.46
2.89
6.14
3.19
1.39
.84

1.06

3.07

1.07
7.06
.75

2.11
.16

4.17
4.44
.68
.89

2.04
7.94
1.79
1.62

2.80

1.10
3.58
1.88
2.26
1.97
.36
.33
.06

1.35
.25
.32
.00
.if

1.04

2.65
.28

.13

.00

.28

.21
1.01
1.89
.08
.22
.18

.58

.40

.00

.00

.00

.00

.00

.00

.00

.00

.00

.15

.00

.05

28.31
8.44

21.41
8,95

'1.69
14.39
13.53
22.66
13.01
13.15
608

17.75

14.78

Buckman Springs (86); elevation, 3,400 feet.

[Authority, W. O. Wolin.}

1912-13.............
1913-14.............
1914-15.............

0.34
.70

1.45
.00

0.17
.68

0.14
91

0.53

.68

0.46
1.51
5.06

2.94
......

5.59

6.55

0.96
1.05
1.67

0.13
1.73
2 EQ

0.07
.22

2 QO

0.06
.03
.00

.......
DA <t*7

Descanso Valley (87); elevation, 3,500 feet.

[Authority, G. O. Brenner.]

1913-14.............
1914-15............. 0.82 0.00 0.11 1 ^ 0.75 4 00 9.03 9 83 2 C.4

1 AQ ft  M>

5 Kf) C oq
fl 9Q

.00 40.31

o Estimated.
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64. Monthly and annual precipitation at 106 stations in or near Son Diego 
County Continued.

Lagans ranger station <88); elevation, $,475 feet. 

[Authority, Leo Morris.]

Season.

1914-15.............

July.

......

Aug.

......

Sept.

......

Oct.

......

Nov.

......

Dee. Jan.

12.52

Feb.

5.84

Mar.

0.36

Apr.

8.27

May.

0.45

J^na,

0.00

Total.

.......

Bonita (89); elevation, 60 feet.

[Authority, J. M. Voueida.]

1913-14............. 
1914-15.............

"o.'io" "o.'so" "6."78~ "2 .'35" 3.28 
4.37

1.88 
2.62

0.68 
.95

0.75 
1.32

0.11 
.67

0.01 
.01

"ii"97

Chollas Heights (90); elevation, 350 feet.

[Authority, F. William Blatchtord.]

1913-14.............
1914-15............. 0.00 6.66 6.66 1.47 i.ii 3.22

3.48
5.44

2.51
4.71

0.61
.74

1.05
1.74

0.04
.86

0.16
.01 19.30

Campbell's ranch (91); elevation, 2,575 feet

[Authority, Arch. Campbell.]

1913-14............. 
1914-15.............

"6.'75~ "6."66" "6." 75 ~ "6."37" "o.'eo" "i'ss" ~6."36~ ~4. "26" 0.74
1.72

1.79 0.64 0.00 .......

Kitchen Valley (92); elevation, 5,250 feet.

[Authority, Seth Swenson.]

1Q14 1 £ 12.02 8 OA 1.00 8.05 0.66 0.00

Dehesa (93); elevation, 580 feet.

[Authority, J. H. Whitaker.]

1913-14............. 
1914-15.............. 6.66

"o.'oo" 6." 69" "o.'gs" "i.'esi" ~2."66' "5." 84"
5.62 i. 33

2.05 
1.97

0.14 
5.36

0.17 
.00 "26.59

La Presa (94); elevation, 300 feet.

[Authority, J. 8. Dressier.]

1914-15............. 0.00 0.00 0.00 1.01 0.88 2.67 5.11 3'. 73 0.78 2.02 0.93 0.00 17.13

Nobles mine (96); elevation, 4,200 feet.

[Authority, Thos. Noble, jr.]

1912-13.............
1913-14........!....
1914-15

0.45
45

0.74
9f\

Ou33
go

0.21
Q7

2.29
OS

1.60
3.70
5.73

5.60
4.15

1.95
1.31

0.60
2.28

0.30
.30

0.17
.15 19.54
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TABLE 64. Monthly cmd swmol precipitation at 106 stations in or near Ssn
ebtwif Continued.

Japatatl (97); elevation, 2,7% feet. 

[Authority, R. J. Grouse.]

Season.

1915-14.............
1914-15.............

July.

0-16

Aug.

0.00

Sept.

0.11

Oct.

0.79

Nov.

1.08

Dec.

3.95

Jan.

8.06

Feb.

6.33

Mar.

2.02

Apr.

1.17
3.24

May.

0.54
3.14

Jane.

0.17
.00

TotaL

28.88

Pueblo farm (98); elevation, 400 feet. 

[Authority, Max Watson.]

1913-14.............
1914-15............. 0.00 0.00 ......

3.80
6.05

0.20
2.50

0.00
.......

Modlgajuat (99); elevation, 3,150 feet. 

[Authority, Charles Hook.]

1914-15............. 0.00 0.00 0.00 0.87 0.63 4.17 7.84 5.93 2.40 3.09 3.45 0.00 28.3!

Rattlesnake TaDey (100); elevation, 4,775 feet. 

[Authority, J. D. Harper.]

1914-15............. 3.32 8.41 5.79 1.99 3.19 3. OB 0.19

La Posta (101); elevation, 3,300 feet.

[Authority, R. S. Benton.]

1914-15............. ------ ------ ------ ...... 7.75 6.06 2.03 2.37 2.78 ...... .......

Viejas (102). 

[Authority, City of San Diego.]

1914-15............. 8.09 0 g4 4.01 2 QQ

Miramar (103); elevation, 660 feet. 

[Authority, G. A. Riley.J

1901-2..............
1902-3..............
1903-4..............
1904-5..............
1«JW!C

1906-7..............
1907-8..............
190S-9.. ............
1909-10.............
1910-11.............
1911-12.............
1912-13.............
1913-14.............
1Q1J 1K

14-year means. .....

0.00
.00
.00
,80
.00
.00
.no
.00
,0ft

1.00
.00
.00
.05
.00

.13

0.00
.00
.00
.00
.00
.00
.00
.50
.00
.00
.00
.45
.00
.00

.07

0.00
.00
.00
.00
.20
.25
.on
.35&
.00
.10
.00
.15
.00

.08

a 45
.45
.910
,30
.15
,00
.910
35

.00
1.10
.Wl

1.15
.00

1.25

.42

0.60
3.05
.00
.00

A. 4ft
1.05
1.65
1.05
3.45
.85
.00
.55

2.15
1.55

1.45

0.00
2.85
.15

2.45
.65

5.25
.55
,7B

5.90
.30

1.50
.05

1.20
3.60

1..80

1.85
1.30
.30

3.55
1.80
^ as
3.60
4,67
3.50
4.45
.97

1.50
5.35
8.95

3.16

1.45
3.20
2.50
6.95
3.35
.80

^.70
3.17
.45

5.10
.00

3.45
3.45
5.15

2.98

3.20
1.60
3.13
2.60
7.45
2.35
1.00
2.32
2.05
1.65
5.90
1.15
1.00
1.10

2.61

0.60
1.30
.25
.45

Q>>

.10

.50

.00
 .30
1 M
3.15
.40

1.05
1.04

.81

0.20
.00
.25
.90

1.10
.30
.25
.30
.00
,00

1.20
.SO
.30

1.50

.47

0.00
.00
.00
.00
.10
.28
.00
.00
.00
.17
.20
,05
.35
.00

.08

8.35
13.75
6.78

18.00
20.15
14.23
10.45
13.46
15.65
15.82
13.24
9.05

15.05
24.14

14.15
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TABLE 64. Monthly and annual precipitation at 106 stations in or near San Diego
County Continued.

Santa Fe ranch (104); elevation, 55 feet. 

[Authofrity, M. H, Crawford.J

Season.

1911-12.............
1913-13.............
1913-14.............
1914-15.............

4-year means .......

July.

«0.00
.15
.00
.00

.04

Aug.

aO.00
.00
.00
.00

.00

Sept.

o0.10
,00
.00
.00

.03

Oc

«0 1
(

,(
.4

.:

k
f)

Ml
H)
W)

3

Nov.

aO.00
.90

1.80
1.13

.96

Dec.

«075
.00
.60

1.80

.79

Jan.

0.00
1.50
4.19
5.27

2.74

Feb.

0.00
2.17
3.48
4.52

2.79

Mar.

5.39
.58
.00

1.27

1.81

Apr.

2.81
.00
48

1.77

1.27

Ma^.

1.1*
.C«
.Co
.19

.?2

June.

0.00
.00
.00
.00

.00

Total

ol0.27
5.28

10.55
16.35

10.61

Scripps Biological Institute (105); elevation, 50 feet.

[Authority, G. F. McEwen.]

1914-151............ 5.95 1.05 1.65 1.42 l.f« Tr

Lauterbaughs (106).

[Authority, city of San Diego.]

1914-15............. 0.03 0.00 0.04 0.46 0.66 3.69 6.96 6.11 2.37 2.21 3.11 000 25.64

Idyllwild, Riverside County.

[Authority, II. S. Weather Bureau.]

1901................
1901-2..............
1902-3..............
1903-4..............
1904-5..............
1905-6..............
1906-7..............
1907-8..............
1908-9..............
1909-10.............
1910-11.............
1911-12.............

10-year means......

0.34
.33
.00
Tr.
.03
.73
.05

1.50
1.00
.55

1.02

.45

3.44
.00
.57

2.45
.17

2.77
.00

2.73
1.87
.21
.00

1.42

0.00
Tr.

2.21
Tr.
.38
.14
Tr.

3.11
.40
15

.80

.64

1.03
.10
.47
.25
Tr.
.03

4.55
1.85
.00

1.43
.43

.97

0.69
3.80
.00
.00

8.38
2.15
1.11
.70

4.34
2.40
.15

2.36

0.34
2.00
.00
.98

1.93
5.25
2.64
1.05
8.53
.10

2.10

2.28

»

3.47
2.42
3.82
.80

6.85
3.34
7.30
3.96

12.16
5.20
9.35

5.52

5.81
5.25
3.00
2.70
8.43
5.32
2.71
3.85
7.27
.60

6.26

4.54

1.23
5.53
6.76
4.59

10.07
16.15
6.78
1.67
4.56
3.08
6.03

12.77

6.52

0.37
.09

6.10
2.19
2.21a 19
.89

2.34
.26
.33

1.34
3.01

1.89

i.r>
.so
.48

\.tf.
3.77
fl.T?
1.48
l.H
.15.r>
.c*

l.W

1.14

0.00
.10
.09
.00
.00
.04
.43
.00
.00
.00
Tr.

.07

19.43
26.48
14.95
35.01
41.66
30.66
21.31
35.34
25.35
27.82

27.80

San Jacinto, Riverside County; elevation, 1,550 feet.

[Authority, U. S. Weather Bureau.]

1893-94...............
1894-95.............
1895-96.............
1896-97.............
1897-98.............
1898-99.............
1899-1900...........
1900-1901...........
1901-2..............
1902-3..............
1903-4..............
1904-5..............
1905-6.............. 
1906-7..............
1907-8..............
1908-9..............
1909-10.............
1910-11..... ........
1911-12.............
1912-18. ...... ......
1913-14.............
1914-15.............

22-year means......

0.03
.13
Tr
.07

o.08
.n

oft«
01

.00
10

,00
00

.00 

.52

.00

.17

.18

.00

.00

.00

.20

.00

.08

0.00
.03
Tr.
Tr.

o.lO
.54

0.10
.00

1.53
.00
.11
19

.37 
Tr.
.00
.45
.23
.00
.00
.50
.40
.00

.22

0.51
.04
.00
.40
.16
.00
.00
.01
.08
.00

1.16
.00
.00 
.12
.00
.45
.00
.00
.50
.00
.00
.00

.16

.04
Tr.

1.76
3.38
.00
.81
.42
.61
.06
.00
.13
.24 
.00

3.30.91-
.00
.90
.28

1.33
.00
.08
'.68

0.80
.00

2.09
1.20
.34
.18

1.83
4.57
.08

1.25
.00
.00

2.54
2 43
.11
.20

1.70
2.94
.00
.48

2.13
.55

1.15

5.30
.34

1.70
,47

1.38
75

.00
Tr.

2.12
ol.64
1.02
.22 

479
.57
.58

"4.89
.00
.00
00

1.34
2.59

1.49

0.67
7.81
2.04
3.55
2.25
2.38
1.42
2.86
1.55
1.32
.32

3.46
1.42 
5.11
3.81
3.06
2.99
4.71
.15

1.07
5.55
4.65

2.87

0.96
1.53
.10

3.74
.49
.69
.00

4.62
1.57
1.37

Bl.15
6.48
1.99 
2.03
2.92
3.25
.24

3.19
.00

3.50
3.84
7.05

2.31

0.89
.99

3.70
2.24
.81

1.63
.76
.33

2.31
4.54
3.02
4.89
6.50 
2.98
1.61
3.64
2.29
2.31
7.29
.97

1.03
.21

2.50

0.10
.51
.71

o.71
o.71
o.71
1.97
.03
.53

4.99
.35

1.03
.94 
.04
.35
.00
.00

1.39
3.24
.61

4.07
2.13

1.14

1.15
.26
.22
.14

o.67
a.67
l.Sf
.65

0.1.0-)
.15

1.26
.5' 
.00
.00
.15.0*)
.001.1"
.00
.01
.01
.4<>

0.00
.03
.00

o.OO
o.OO
0.00
.00
.00
.01
Tr.
.00
.00
.00 
.00
.00
.00
.00
.00
.00
.16
.25
.00

.02

Q GO

16.67
9.20

15.51
«9.46
08.40
09.58
13.40
8.24

15.75
o7.90
18.59
14.79 
18.02
12.67
13.76
12.52
15.44
12.64
8.62

18.87
17.26

13.01

o Estimated.
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Boulder Creek, precipitation at.............. 308
Buckman Springs (station 49), precipitation

at..................*..,,......... 304
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facture.......^'.*.............. 248-249

California, sketch map of part of............. 16
Campbell's ranch, precipitation at........... 311
Campo, precipitation at..._._......... 303-304
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1-4 of............................ 64-65
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of.............................. 253-255
Cretaceous metamorphism, outline of........ 74
Cretaceous peneplanation, outline of......... 74-75
Cretaceous rocks, caves in sea cliffs o*. plate

showing......................... 22
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Behesa, precipitation at..................... 311
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Diverting dam, precipitation at.............. 303
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Drawdown, effect of, on yield of wells..... 156-157

See also Water table, lowering of. 
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Dulzura, precipitation at.................... 309
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E.

Eagles Nest, precipitation at................. 294
East Cuyamaca, precipitation at............. 303
El Cajon, precipitation at.................... 301
El Cajon (city), precipitation at............. 310
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. precipitation at.......................... 305
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El Cajon Valley and vicinity, map of, show­ 
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Page. 
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Fissures, waterto......................... 189-190
Flint, A. A., well of....................... 199-200
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Fruit-trees, yield of grousd-water required by. 142 
Fulton, Charles L.,citet'.................... 100
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G.
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Goodyear, W. A., cited.,.................... 35
Granite, fluctuation of water table in, dia­ 

grams showing.................. 192
decomposed, fluctuation of water table in 134
prevalence of............................ 1D1

Gravels,placer, origin of..................... 28-29
Tertiary,grouHdwa*.erin................ 177

Grigsby's ranch., precipitation at ......... 310

K.

Hann, method used by, for ealeateftJHg aver­ 
age annual p-««ipitation......... 85

Harvey ranch, preeipitai ion at... ......... 308
Hauck,Ferdinand, wells of................... 200
Head against whiehapti^p operates, method

ofdetenateirsg................... 266
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La A esa reservoir, evaporation from....... 101-104
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Lars in, E. S., igneous rocks described by.... 73
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Santa Maria Valley, dsacriptiofi of........... 47

map of, showing water-bearing forma­ 
tions and observation wells,..... 108

Santa Ysabel, divide near, precipitation at.. 306 
Santa Ysabel Creek above Ramona, run-off 

from and precipitation on drain­ 
age basin of...................... 95,98
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Sweetwater reservoir, evaporation from..... 99-101
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run-oft from aa*' precipitation on 
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of.............................. 253-255
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Thunder showers, occurrei ce of.... .......... 77
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fluctuation of water tattle in, diagrams

showing.................... In pocket.
ground water in ....................... 113-114
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water In........................... 106-166
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wells in....................... 169-174
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in Mission Valley, longitudinal profile

showing........_......^. In pocket.
in Tia Juana Valley, longitudinal

profiles showing................. 132
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cost of................................. 165-188
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