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CONTRIBUTIONS TO THE HYDROLOGY OF THE UNITED STATES

GROUND-WATER CONDITIONS IN THE MENDOTA-HURON
AREA, FRESNO AND KINGS COUNTIES, CALIFORNIA

By G. H. Davis and J. F. Poranp

ABSTRACT

The Mendota-Huron area of this report includes 1,300 square miles on the
central-west side of the San Joaquin Valley, Calif., extending from the Fresno-
Merced County line southward to Tulare Lake Bed.

Use of ground water for large-scale irrigation began in 1915 and expanded until
the late twenties. Development of irrigation was slow in the thirties but was
accelerated by the high prices for crops during the second World War and has
continued to expand rapidly since 1945. The number of irrigation wells in the
area increased from about 300 in 1941 to about 1,000 in 1951. Pumping draft
from the area in acre-feet per year increased from about 100,000 in the early
thirties to 1,000,000 in 1950-51 and 1,200,000 in 1952-53. The heavy and
increasing draft on ground-water supplies has been far in excess of replenishment,
and water levels have been declining at a rapid rate, especially since 1945.

Because of the need for importation of surface water to make up the deficiency
in supply, the present investigation of ground-water conditions has been made at
the request of and in cooperation with the State of California.

Field activities in this study included a canvass of wells, collection of logs, water-
level measurements, and collection of water samples for chemical analysis.

The deposits containing fresh water beneath the Mendota-Huron area are of
Recent to Pliocene age. They extend to depths ranging from less than 1,000 to
at least 3,000 feet below the land surface. They can be divided into an upper unit
of clay, silt, and sand, chiefly alluvial-fan deposits of heterogeneous character,
that is chiefly of Quaternary age; a middle unit consisting of an impervious diato-
maceous clay of probable late Pliocene age; and a lower unit of clay, silt, and sand,
in part lacustrine deposits, that extends down to the beds containing saline water.
If the overlying diatomaceous clay is of late Pliocene age, the lower unit is wholly
of Pliocene age.

A body of semiconfined ground water, the upper water-bearing zone, occupies
most of the upper unit. This upper zone is of low to moderate permeability.
Locally, southeast of Tranquillity, it is the principal source of ground water for
irrigation. Elsewhere, the upper zone yields water chiefly to wells that tap the
lower zone as the principal source but are perforated or leaky in the upper zone.

The body of ground water in the lower unit, the lower water-bearing zone of
this report, is confined almost everywhere by the diatomaceous clay. Probably
80 percent or more of the irrigation draft is from this lower zone.

A body of brackish to saline water underlies the lower water-bearing zone
throughout the area.

Movement of ground water in both the upper and lower water-bearing zones
initially was from the foothills of the Coast Ranges on the west toward the axial
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trough of the valley on the east. Hydraulic gradients were gentle—a few feet to
the mile. In most of the area the gradient in the upper zone still is toward the
valley axis, although locally in the area of heavy pumping from that zone south-
east of Tranquillity the water levels have been drawn down sufficiently to develop
a gradient westward from the axis.

In the lower water-bearing zone, the heavy pumping draft has drawn down the
piezometric level as much as several hundred feet in the past 20 years. In 1951
the confined water in the lower zone was moving from the east and northeast into
an elongate pumping depression which extended the full length of the Mendota-
Huron area and whose axis was only 4 to 6 miles east of the western edge of the
valley.

The decline in the piezometric level of the lower water-bearing zone since
large-scale irrigation began during the first World War has ranged from 150 feet
near Mendota on the north to roughly 300 feet in the vicinity of Huron on the
south. Most of this decline has occurred since 1940. Since 1945 the average
rate of yearly decline has been 4 to 7 feet in the northern part and 20 to 30 feet
in the southern part of the area. In 1951 the pumping lift in the Mendota-
Huron area ranged from 100 feet below the land surface near Tranquillity to more
than 700 feet near the mouth of Cantua Creek; the average lift to the land surface
was on the order of 400 feet,

Under natural conditions the only appreciable source of recharge to the ground
water was by seepage from streams on the west side of the valley; the average long-
term seepage is estimated as 30,000 to 40,000 acre-feet a year. Drawdown of
the water levels, especially the piezometric level of the lower water-bearing zone,
has developed a westward gradient of as much as 15 feet to the mile (1951), and
ground water now is moving southwestward beneath the axial trough of the valley.
Thus, the lower zone is receiving induced or secondary recharge from the eastern
side of the valley along the full 71-mile reach of the Mendota-Huron area. It is
estimated that, in 1951, the secondary recharge to the lower water-bearing zone
from the northeast was 150,000 to 200,000 acre-feet a year.

Secondary recharge to the upper water-bearing zone by westward movement
from the axial reach to the area of sustained pumping from that zone is estimated
as 20,000 to 30,000 acre-feet as of 1951.

Thus, the secondary recharge from the northeast to both water-bearing zones
of the Mendota-Huron area is estimated as on the order of 200,000 acre-feet in
1951. If added to the primary recharge from west-side streams, the total recharge
in 1951 was roughly 230,000 acre-feet.

Based on estimates of consumptive use by crops, the net ground-water draft in
1950-51 was on the order of 600,000 acre-feet, or 60 percent of the gross pumpage.
The indicated overdraft in 1950-51 thus was on the order of 350,000 acre-feet.
In 1952-53 pumpage had increased to 1,240,000 acre-feet, and, if consumptive-use
requirements remained constant at 60 percent of the water pumped, they were
roughly 740,000 acre-feet as of 1952-53. Imports sufficient to satisfy a consump-
tive use of at least 700,000 acre-feet would be indicated, plus additional require-
ments to compensate for outflow and to provide for salt balance.

The chemical quality of the waters in the Mendota-Huron area is fairly con-
sistent within each water-bearing zone but is markedly different between the two
zones. Ground waters of the upper water-bearing zone generally have high con-
centrations of calcium and magnesium sulfate. Waters below the 300-foot depth
and above the top of the diatomaceous clay show a general vertical decrease in
dissolved solids, an increase in percent sodium in the deeper waters, and a decrease
in hardness. Locally, waters have greater concentrations or are of different types.
The chemical quality of the water in the lower water-bearing zone is fairly con-
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stant, if wells tapping only that zone are considered. Most of it is of the sodium
sulfate type.

INTRODUCTION
LOCATION AND GENERAL FEATURES OF THE AREA

The Mendota-Huron area, as identified in this report, includes that
part of the west side of the San Joaquin Valley extending from the
Fresno-Merced County line on the north to the northwestern margin
of Tulare Lake Bed on the south and from the axial trough of the
valley, marked by the line of the San Joaquin River, Fresno Slough,
and the Kings River, on the east to the foothills of the Coast Ranges
on the west. Its location is shown on figure 66 and general features
are shown on plate 29. The area is approximately 72 miles long,
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averages 18 miles wide, and embraces about 1,300 square miles, or
830,000 acres. Most of the area is in Fresno County except for a
narrow strip at the south end, which is in Kings County and includes
90 square miles.

Ground water is contained in permeable beds in alluvial deposits
of Pliocene to Recent age which underlie the west-side plain. These
alluvial deposits extend to depths ranging from less than 1,000 feet
to as much as 4,000 feet below the land surface and in their lower
part contain water of extremely poor quality. The ground-water
basin appears to be a single unit extending on the north into Merced
County, on the west to the tilted impermeable Tertiary marine sedi-
ments that crop out in the Coast Ranges, and on the south and east
to and beyond Tulare Lake Bed and the axial trough of the valley,
respectively. Fresh water is found to!depths ranging from 900 feet
to more than 3,000 feet beneath the land surface.

Originally the Mendota-Huron area was used principally for sheep
grazing. In the 1890’s, during a period of above-normal rainfall,
several farms were settled in the vicinity of Huron (Mendenhall, Dole,
and Stabler, 1916) but they were abandoned after a few dry years.
It was customary to plant grain in large acreages in the autumn; when
rainfall was sufficient, large crops were harvested. Large-scale irriga-
tion with ground water began during the First World War with the
drilling of wells to irrigate several thousand acres near Westhaven
by the Boston Land Co. and the settlement of the Oro Loma Colony
near the Fresno-Merced County line. Irrigation expanded rapidly
during the early twenties, but a general low level of commodity prices
in the latter part of that decade and in the early thirties discouraged
further expansion. After 1936 expansion of irrigation was resumed
and irrigation pumping increased rapidly. (See fig. 68, p. 440.) High
commodity prices after the close of World War II in 1945 brought a
tremendous expansion of farming by irrigation which has continued
through 1953, and nearly all available land has been placed under
irrigation now.

A serious overdraft on the ground-water supply now exists and
water levels have been declining at a rapid rate throughout the area.
In order to make up this deficiency in natural supply, both the U. S.
Bureau of Reclamation and the California State Water Project
Authority have proposed construction of large canals to import surface
water to the area from the Sacramento-San Joaquin delta. The
building of a canal proposed by the State Water Project Authority was
authorized by the State Legislature in 1951 as part of the Feather
River project and preliminary studies are now under way by the
California Division of Water Resources.
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SCOPE OF THE INVESTIGATION AND PURPOSE OF REPORT

In November 1949, through conferences between the United States
Geological Survey and the California Division of Water Resources, it
was agreed that the Geological Survey, as part of its cooperative
ground-water program with the State, would make a ground-water
investigation on the west side of the San Joaquin Valley, from the
Fresno-Merced County line to the south end of the valley. First
attention was to be given to the area of heavy and increasing ground-
water draft north of Tulare Lake Bed.

The objectives of the ground-water studies on the west side of the
valley included: study of source, movement, and disposal of ground
water; estimates of overdraft and perennial yield; study of geologic
and hydrologic possibilities for additional recharge of the ground-
water basins; and study of quality of water with special reference to
distribution of zones of inferior quality that may affect recharge
problems.

Field investigation on the west side of the valley was begun by the
Geological Survey in March 1950, and was carried on into the early
part of 1952 when the scope of the cooperative program with the
State in the San Joaquin Valley was enlarged to include a reconnais-
sance study of the entire valley south of the Stanislaus River. The
present report deals with the northern part of the west-side area,
specifically the area in Fresno and Kings Counties between the south
line of Merced County and the western edge of Tulare Lake Bed,
herein described as the Mendota-Huron area.

The work has been accomplished in part through funds made avail-
able jointly by the Federal Government and the State for the co-
operative program, and in part by Federal funds supplied for study
of ground-water problems in the Central Valley.

The purpose of this report is to present and interpret briefly avail-
able data on ground-water occurrence and development in the Men-
dota-Huron area; the change in water levels that has occurred in
response to the heavy pumping; the general magnitude of recharge;
the general magnitude of overdraft or the water being mined; and
the general chemical quality of the ground water, with special refer-
ence to recharge possibilities. Almost no hydrologic work had been
done in the area prior to the Geological Survey’s study, and a large
amount of basic data had to be collected before a reasonably detailed
picture of the hydrologic and water-quality conditions could be
obtained.

The investigation has been made under the supervision of J. F.

" Poland, district geologist in charge of ground-water investigations
in California, and under the general direction of A.N. Sayre, chief,
Ground Water Branch. George H. Davis was in charge of the inves-
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tigation and has prepared most of this report. The field work was
done by William Back, D. W. Brown, P. R. Wood, R. S. Stone, M. E.
Cooley, and W. J. Hiltgen, and assistance in preliminary phases of
parts of the report was given by P. R. Wood (character of water-
bearing deposits), D. W. Brown (water-level contour maps), and R. S.
Stone (chemical quality of waters).
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WELL-NUMBERING SYSTEM

The well-numbering system used by the Geological Survey in the
Central Valley shows the locations of wells according to the rectangu-
lar system for the subdivision of public land. For example, in the
number 14/15-18E1, which was assigned to a well 2% miles south of
Mendota, the part of the number preceding the slash indicates the
township (T. 14 S.); the number following the slash, the range (R. 15
E.); the digits following the hyphen, the section (sec. 18); and the letter
following the section number, the 40-acre subdivision of the section as
shown in the accompanying diagram.

D C B A
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Within each 40-acre tract the wells are numbered serially, as indicated
by the final digit of the number. Thus, well 14/15-18E2 is the second
well to be listed in the SW¥ of the NW of sec. 18. As all the Mendota-
Huron area is south and east of the Mount Diablo base and meridian
the foregoing abbreviation of the township and range is sufficient.

LAND FORMS AND DRAINAGE

The Mendota-Huron area lies entirely within the physiographic
province defined by Jenkins (1943, p. 83) as the ‘“Great Valley of
California.” It is bordered on the west by the southern Coast Ranges
and on the southwest by the Kettleman Hills, a low range of hills that
is structurally related to the Coast Ranges and is included in that
physiographic province (Jenkins, 1943, p. 87).

The land surface of the Mendota-Huron aresa is a broad apron of
coalescing alluvial fans deposited by the minor streams that drain the
eastern slope of the Coast Ranges and flood-plain deposits of the San
Joaquin and Kings Rivers laid down when those streams were in flood.
The alluvial fans of the west side rise 10 to 25 feet to the mile from an
altitude of about 200 feet at the valley trough to about 400 to 500 feet
at the southwest edge of the valley. The axial trough of the valley
slopes both northward and southward from the vicinity of the dry
Summit Lake Bed which lies on the divide between the San Joaquin
River drainage basin and the Tulare Lake drainage basin (pl. 28).
From 207 feet above sea level at the divide, the land surface slopes
southward about half a foot per mile to Tulare Lake Bed and north-
ward 1.2 feet per mile to the confluence of Fresno Slough and the San
Joaquin River near Mendota. From Mendota north along the San
Joaquin River to the Fresno-Merced County line, the land-surface
gradient is approximately 2 feet per mile.

Several streams, principally, Little Panoche and Panoche Creeks,
Arroyo Hondo, and Cantua, Salt, Martinez, Domengine, Los Gatos,
and Zapato Creeks cross the area from the foothills of the Coast Ranges
toward the valley axis. However, the Coast Ranges farther west rise
to heights of more than 3,000 feet and create a natural rainfall shadow
on the eastern slope of the mountains and on the west side of the valley.
Consequently, the west-side streams are intermittent and carry little
water (p. 443).

FIELD PROGRAM
CANVASS OF WELLS

Field work by the Geological Survey began in March 1950; by
October 1951, the field canvass had been completed and brought up to
date for the entire area. In all, 1,712 wells or well sites were visited in
the Mendota-Huron area. The canvass furnished the following in-
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formation, so far as available: location, owner or lessee, land-surface
altitude, driller and date drilled, depth, casing diameter, perforation
data, type and size of pump and motive power, transformer and meter
number, water level, log, and chemical analysis of the water. Loca-
tions of canvassed wells are shown on plate 29, and information and
chemical analyses for 803 wells in use when visited in August and
September 1951 are tabulated on pages 467-585.

Of the 1,712 wells canvassed in the Mendota-Huron area in 1950-51,
1,022 are classified as irrigation, 10 as public supply, 103 as domestic,
38 as industrial, 50 as stock, and 489 as unused or destroyed. The
power rating of the pumps for irrigation wells ranges from 30 to 300
horsepower and the yield of the wells from 250 to 2,000 gallons per
minute (gpm), averaging on the order of 1,100 gpm. In general, the
smallest yields are from wells that were drilled prior to the use of
gravel packing. The largest yields are from gravel-packed wells,
especially in the area north of Five Points.

WATER-LEVEL MEASUREMENTS

In the course of the investigation about 20,000 water-level measure-
ments made by other agencies were assembled by the Geological
Survey. These were obtained from the U. S. Bureau of Reclamation,
the Pacific Gas and Electric Co., and the Boston Land Co. The
earliest water-level measurements in the Mendota-Huron area were
made in 1905 by the Geological Survey (Mendenhall, Dole, and
Stabler, 1916). Some 81 water wells in the area, mostly shallow stock
and domestic wells, were measured in the course of a well canvass
which covered the whole San Joaquin Valley.

H. L. Haehl and Hyde Forbes in 1926 in a private report for the
Boston Land Co. presented about 1,600 water-level measurements in
western Fresno and Kings Counties, including periodic measurements
made in 70 observation wells. :

From 1933 onward the San Joaquin Power Division of the Pacific
Gas and Electric Co. has measured water levels in wells being pumped
and “recovery’’ levels after a 5- to 15-minute shutdown of the pump,
in connection with pump-efficiency tests which have been run annually
and in many cases semiannually for nearly all the irrigation wells in
the area. The results of about 8,000 of these tests have been made
available for general interpretive purposes through the cooperation of
the company and the many land owners or lessees concerned.

Since 1939 the Bureau of Reclamation has made periodic water-level
measurements in selected wells in the area, although prior to 1949 only
wells north of the southern boundary of T. 16 S. were measured
periodically. Most of these wells are measured quarterly, although
41 wells were measured each month in 1951. Approximately 3,500
measurements were available from the Bureau of Reclamation.
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In the well canvass by the Geological Survey, measurements of
depth to water were made in 711 wells in the Mendota-Huron area.
Approximately 138 wells have been measured quarterly since August
1950, and 48 wells were measured each month from November 1951
to November 1952. In the spring of 1951 (April and May) all avail-
able wells that had been measured in the original canvass were
remeasured to provide basic data for a spring water-level contour map.
This well-measurement program was repeated in May 1952 and May
1953, at which times approximately 500 wells selected to give optimum
coverage for construction of water-level maps were remeasured.
Automatic water-level recorders are being operated on 6 unused wells.
In the selection of wells for both monthly observations and recorders
an effort has been made to pair wells that tap the lower water-bearing
zone with wells that reflect conditions in the upper water-bearing zone.

DRILLERS’ LOGS AND ELECTRIC LOGS

In December 1952, 430 drillers’ logs and 220 electric logs of water
wells in the area had been collected from owners, well drillers, and
State and Federal agencies. These records are essential in determining
the character, extent, and thickness of water-bearing and non-water-
bearing materials of the area. Electric logs are the graphic records of
continuous measurements made in wells prior to casing and indicate
the electrical resistivity of earth formations; and the phenomenon of
spontaneous electrical potential. These logs, interpreted in the light
of other data, give a relatively accurate picture of the depth, thickness,
and general physical character of strata penetrated by the drill. They
also are of value in estimating permeability of the sediments penetrated
and are an aid in determining the chemical character of the formation
water.

Drillers’ logs are the well drillers’ record of materials found in
drilling. In rotary drilling the log is kept by observing the action of
the drill and by sampling formation cuttings from the mud stream.
The quality of the records varies considerably with the skill and
attitude of the driller. Some logs on comparison with electric logs
from nearby wells appear to be a reasonably accurate and detailed
description of the sediments, while others are of little value beyond
giving the total depth and information on completion details of the
well. Beds penetrated in drilling water wells in the Mendota-Huron
area are generally fine grained, ranging in grain size from clay to
coarse sand. Almost no gravel is revealed by the drill. In passing
through fine-grained deposits with the rotary drill, it is difficult for
a driller to distinguish minor changes in the physical character of the
sediments. This is probably the principal reason for the poor record
on many drillers’ logs in this area. Partly for this reason it has become
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customary for many of the land operators to obtain electric logs of the
deposits penetrated. The drillers have come to rely more and more
on the electric log and to pay less attention to obtaining a good litho-
logic log. Much worthwhile geologic information on color, sorting,
and grain size of the sediments can be obtained from an accurate
driller’s log that is not readily available from an electric log. Thus,
drillers’ logs supplement electric-log data in parts of the area where
few electric logs are available and serve as a guide in the geologic
interpretation of electric logs. In conjunction with water-level
measurements and chemical analysés the two kinds of logs provide
a means for determining the number and extent of aquifers (water-
bearing beds).

CHEMICAL ANALYSES

In order to define the zones of water of inferior quality that may
affect recharge problems, the Geological Survey has assembled as
much chemical data for the area as possible. About 1,500 analyses
of well waters are on file, of which about two-thirds include determina-
tion of the principal cations and anions present: calcium, magnesium,
sodium, bicarbonate, sulfate, and chloride. The partial analyses
usually include determinations of the principal anions—bicarbonate,
sulfate, and chloride, but in some cases only chloride and sodium. As
the boron content of the ground water in many west-side wells is
high enough to be significant, many analyses for boron only are
available.

In August and September 1951 the Geological Survey, in coopera-
tion with the Water Quality Section of the California Division of
Water Resources, sampled water from 803 wells in the Mendota-.
Huron area that were being pumped when visited. Of these wells
45 were sampled for complete analysis and 758 for partial analysis.
Analyses were made chiefly in the laboratory of the Quality of Water
Branch of the Geological Survey as part of the cooperative program
with the Division of Water Resources. Results of the analyses
together with information on the wells sampled are included on pages

467-585.
METHODS OF WELL CONSTRUCTION

The type of well construction used in the Mendota-Huron area
has a profound effect upon chemical quality of the ground water
yielded and upon water levels in wells. In general, wells in the area
may be grouped as: cable-tool wells; rotary wells with gravel pack;
rotary wells without gravel pack; and rotary wells that have seals
to exclude waters from specific zones.

In cable-tool drilling the hole is excavated by the repeated raising
and dropping of a bit or bailer. When a bit is used, as in hard,
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compact strata, it is necessary to withdraw the tools periodically to
remove cuttings with a bailer. In soft materials a bailer with a cutting
edge may be used both to cut and to entrap the material drilled. In
either method casing of slightly larger diameter than the cutting tool
is driven into the hole as drilling proceeds. Thus, the casing forms
an effective seal against movement of water between zones of different
hydraulic head. After the well is drilled to the desired depth, the
casing may be left unperforated with an open bottom, but for an
irrigation well where maximum water production is desired the casing
is perforated in place by a knife tool opposite water-bearing material.

Only a few irrigation wells in the Mendota-Huron area have been
drilled with cable tools and most of these were drilled prior to 1935;
however, many of the stock and industrial wells located in the well
canvass were drilled by this method. These wells are especially
valuable in quality-of-water studies because the waters usually are
derived from a relatively thin zone and are not apt to be contaminated
by interchange of water between zones of varying head.

In rotary drilling the cutting action is accomplished by rotating
a bit on the end of a string of hollow pipe. The cuttings are removed
by thin mud pumped down the drill pipe, out through openings in
the bit, and up the annular space betweea the drill pipe and the hole
wall. The mud not only removes the cuttings but also forms a coating
on the wall of the hole that prevents loose materials from caving.
The casing is lowered into the borehole only after the hole is drilled
to its total depth.

Rotary wells may be completed with or without a gravel pack.
When irrigation wells were first drilled in western Fresno County it
was customary to drill a hole only slightly larger than the casing to be
used, so that upon completion the well differed very little from a
cable-tool well. In an effort to increase well capacities the gravel-
packed well was introduced. In this method a small-diameter pilot
hole is drilled first, then the full depth of hole is reamed out to 24~ to
30-inch diameter. Factory-perforated casing is lowered into the hole
and the annular space between the casing and wall of the hole is
filled with gravel as the mud is flushed from the hole with clean water.
Thus, the casing is enclosed by an envelope of gravel as much as 7
inches thick which increases the effective radius of the well and screens
out fine-grained material at the same time. All water-bearing strata,
regardless of thickness, contribute to the well supply in a properly
constructed gravel-packed well.

Most of the irrigation wells in the Mendota-Huron area are gravel
packed. The typical well extends to a depth of 1,000 to 2,000 feet.
The hole is usually 10 to 14 inches greater in diameter than the casing
to be put in the well. The casing generally used at present is seamless
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steel pipe, 10 to 20 inches in diameter with ¥%- or ¥s-inch wall, and is
butt welded in sections as it is lowered into the hole. Ordinarily
the upper portion of the hole is cased with 16- to 20-inch casing to
receive the pump column and bowls. At a depth 100 to 200 feet
below the water level the casing diameter is reduced to 10 to 12 inches.
In many wells a second reduction in diameter is made. These lower
sections of smaller diameter are used to produce high flow velocities
in the lower portion of the well so as to prevent settling of sand, and
also to reduce cost of casing the well. The casing may be landed
on the bottom or suspended a few feet off the bottom of the hole.
After the casing is inserted the space between the casing and the wall
of the hole is filled with fine gravel, usually one-quarter inch or larger.
The well is then flushed of drilling mud and developed by pumping
with a variable-speed motor. As a general rule perforations extend
from the first reduction in casing diameter, the bottom of the so-called
“pit,” to the bottom of the hole. The upper large-diameter casing is
left unperforated to eliminate ‘“falling water”” which entraps air and
lowers pump efficiency.

PHYSICAL CHARACTER AND THICKNESS OF THE WATER-
BEARING DEPOSITS

The cooperative investigation in the Mendota-Huron area is
fundamentally concerned with the water-bearing character of the
deposits, and particularly with their ability to transmit water both
laterally and vertically. The geologic features have been studied by
use of drillers’ logs, electric logs, and core descriptions. The many
electric logs and a few core descriptions afford most of the basis for
identification and correlation of beds and have furnished important
aid in outlining the depth and extent of zones containing water of
inferior quality.

With respect to the occurrence and movement of ground water the
rocks of the area may be divided into two general types: uncon-
solidated continental deposits and semiconsolidated to consolidated,
predominantly brackish-water and marine sediments. The brackish-
water and marine sediments are of late Pliocene age and older and,
except as a source of local salt-water contamination, do not supply
significant quantities of water to wells.

The unconsolidated continental deposits comprise the younger
alluvium, older alluvium, and the Tulare formation as defined by
Woodring (Woodring, Stewart, and Richards, 1940) at the Kettleman
Hills. The continental deposits consist largely of lenticular tongues
or beds of sand, silt, and clay that differ widely in extent and thickness
and grade abruptly both laterally and vertically into one another.

Only one persistent stratum, a diatomaceous clay or silty clay of
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apparent lake-bed origin, can be traced through most of the area.
Within the extent of this stratum a generalized threefold subdivision
of the continental deposits can be made as follows: An upper unit
extending from the land surface to the top of the diatomaceous clay
at a depth ranging from 400 to 800 feet below the land surface and
including the younger and older alluvium and part of the Tulare
formation; an impervious diatomaceous clay within the Tulare forma-
tion ranging in thickness from 20 to 120 feet, which not only serves
as a geologic marker but also separates waters of substantially different
chemical quality; and a lower unit, 600 to 1,500 feet thick, that prob-
ably includes the lowest part of the Tulare formation and possibly
the uppermost part of the San Joaquin formation, and that extends
down to the first beds containing salty water, probably connate water
or dilute connate water of marine origin.

At present the base of the lower unit is determined by a change in
water quality rather than a stratigraphic boundary, but until detailed
subsurface geologic studies are made the change in water quality is
the only significant change in the section upon which a subdivision
may be based. Moreover, the occurrence of saline water is presumed
to be related to the depositional environment and may represent a
stratigraphic horizon, although the possibility of upward or lateral
migration of marine connate waters should not be overlooked.

Plates 30, 31, and 32 are geologic sections across the Mendota-
Huron area, showing the geology of the continental deposits penetrated
in water wells, as indicated by electric logs. As noted earlier, most of
the drillers’ logs are not sufficiently reliable to plot, and thus lithologic
logs have not been plotted on the sections. Locations of these
sections are shown on plates 28 and 29. '

UPPER UNIT

The alluvial deposits of the upper unit consist of highly lenticular
poorly sorted clay, silt, and sand intercalated with occasional beds of
well-sorted fine- to medium-grained sand. The average sand content
of deposits in the upper unit, as computed from electric logs and core
descriptions of wells used on the geologic sections (pls. 30, 31, and 32),
ranges from 11 percent for geologic section F-G (pl. 31) to 18 percent
for geologic section A4-B-C' (pl. 30). This estimate of sand content
was made by interpreting available electric logs along the line of
profile according to methods described by the Schlumberger Corp.
. (Schlumberger Well Surveying Corp., 1949). Briefly, these inter-
pretations were based upon the assumption that in the unconsolidated
materials containing fresh or relatively fresh water in the Mendota-
Huron area high resistivity indicates sand containing fresh water and
low resistivity indicates clay or silty clay. Intermediate resistivity

387511—57——2
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values indicate silt, silty sand, and other materials intermediate be-
tween sand and clay. Increasing resistivity is indicated on the right-
hand curve of the electric log (pl. 30) by a swing to the right and
decreasing resistivity by a swing to the left. Thus, the diatomaceous
blue clay is represented by a straight-line segment of uniformly low
resistivity.

As shown on the geologic sections (pls. 30, 31, and 32), the thickness
of the upper unit ranges from about 400 to 800 feet, depending upon
the depth to the top of the diatomaceous clay marker. The thickness
is greatest, 700 to 800 feet, 4 to 8 miles from the western margin of
the alluvium and decreases eastward to the valley trough where it is
400 to 600 feet. The deposits at the base of the upper unit appear
to rest conformably upon the underlying diatomaceous clay bed.

The only significant subdivision of the deposits of the upper unit
is based upon the difference between sediments from an eastern source
and those derived from the west. The deposits penetrated near the
land surface consist of oxidized, yellow to brownish-gray sediments
grading downward to unoxidized, grayish sediments composed of
reworked Tertiary and late Mesozoic sediments of marine origin that
crop out in the Coast Ranges to the west. These deposits are gen-
erally calcareous, containing from 1 to 6 percent calcium carbonate
by weight. In addition, gypsum (hydrous calcium sulfate) is a
common constituent, occurring in many places in concentrations of
2 to 7 percent by weight. It is of interest to note that in test well
15/14-15K1, drilled by the Bureau of Reclamation 11 miles west of
Tranquillity, calcium carbonate was present in appreciable amounts
in all samples ascribed to a western source, extending to a depth of
535 feet, but calcium sulfate was only noted occasionally and was
more or less confined to the uppermost 200 feet of the section (un-
published data from Bureau of Reclamation, 1951).

Grayish sand and silt containing abundant micaceous granitic
fragments and in some places glassy volcanic detritus, all presumably
derived from the Sierra Nevada, have been reported from core holes
drilled near Westhaven.! Because no sediments from an eastern
source have been recognized at the outcrop of the Tulare formation
and younger deposits in the foothills west of the valley, it is presumed
that such materials pinch out beneath the Mendota-Huron area.
In contrast to the deposits derived from the Coast Ranges, those
derived from the Sierra Nevada are not reported to contain gypsum
and their calcium carbonate content is low, generally less than 0.5
percent by weight. Because the diatomaceous clay underlying this
upper unit is of late Pliocene age as described by Lohman, the upper
unit constitutes the entire thickness of deposits of Quaternary age in

1 Shell Oil Co., 1929, unpublished report, Results of core drilling on the Boston Land Co.
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the Mendota-Huron area and may include near its base some deposits
of latest Pliocene age. Thus, it includes the deposits of Pleistocene
aind Recent age which therefore are known not to exceed 400 to 800
feet in thickness.

DIATOMACEOUS CLAY

A bed of well-sorted diatomaceous greenish to bluish silty clay,
commonly referred to as “the blue clay,” underlies the upper unit in
the Mendota-Huron area along the western margin of the valley.
This distinctive stratum is easily recognized in electric logs and is
mentioned in some drillers’ logs. It ranges from 20 to 120 feet in
thickness and apparently is laterally continuous throughout the axial
part of the valley included within the Mendota-Huron area. On
geologic section A-B-C (pl.30) the clay can be traced to the valley
border and beneath the foothills on the west. As shown on geologic
sections F-G and J-K (pls. 31 and 32) it thins westward, and on sec-
tion J-K it cannot be identified in electric logs west of T.20 S., R.
18 E., possibly because of a westward gradation into silt or clayey
silt. The broad lateral distribution of this stratum, its uniform fine-
grained texture as indicated by electric logs and cores, its position
between coarser deposits of definite continental origin, and the presence
of fossil remains of diatoms, microscopic plants found in fresh-water
lakes as well as in marine deposits, all point to an extensive fresh-
water lake as the depositional environment of the diatomaceous clay.
Lohman in 1954 identified 113 species and varieties of diatoms from
samples of the diatomaceous clay cored in test wells of the Bureau of
Reclamation. His description of the environment in which the clay
bed was deposited is as follows:

This assemblage of 113 species and varieties of diatoms represents deposition
under dominantly fresh-water conditions, although the occurrence of some species
that now live in both fresh- and brackish-water environments suggests that the
lake water may have been locally brackish.

The diatomaceous clay is correlated with part of the Tulare forma-
tion of late Pliocene and Pleistocene age by Lohman on the basis of
the diatom assemblage. Of the 113 species and varieties of diatoms
identified from the clay, 37 species and varieties also occur in a 12-
foot bed of diatomaceous clay at the base of the Tulare formation in
the Kettleman Hills. Thelower part of the Tulare formation is consid-
ered to be of late Pliocene age by Woodring (Woodring, Stewart, and
Richards, 1940, p. 13-26, 103-104) on the basis of molluscan evidence.
Moreover, 5 species of diatoms known previously only from Pliocene
collections were recognized by Lohman in the diatomaceous clay,
suggesting that the clay may be of late Pliocene age.

The geologic structure as reflected by the clay bed is relatively
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simple, being characterized by a gentle southwesterly dip from the
present topographic axis of the valley toward the foothills of the
Coast Range. Southwest of Mendota (section A-B-C)and along the
Fresno-Coalinga road (section F-@) the shape of the clay bed is gently
synclinal, and the axis along these two sections is 13 and 12 miles,
respectively, southwest of the present topographic axis of the valley.
The dip of the clay bed ranges from essentially horizontal to as much
as 100 feet per mile.

The position of the diatomaceous clay as shown on the geologic
sections suggests that postdepositional structural movements may
have mildly deformed this stratum; however, it must be borne in
mind that the clay probably was deposited on the floor of a fresh-
water lake which must have had considerable slope, possibly even
comparable with the gradients of the present valley floor. Hence,
some of the dip noted in the clay bed may be initial dip of the de-
posits. Much subsurface geologic work remains to be done before
this problem can be adequately resolved.

Minor changes in slope appearing on the geologic sections are not
considered significant. The true direction of dip of the clay bed is
unknown and section alinements were chosen approximately normal
to the regional strike of the Coast Ranges. It was necessary to pro-
ject the position of the wells into the line of section in most cases, in
some places from a considerable distance. Well positions are pro-
jected normal to the line of section, and if the strike of the clay bed
differs appreciably from the direction of projection the clay bed would
appear in the wrong vertical position; this may, in part, explain the
apparent minor changes in dip.

Geologic section A-B-C,extending southwesterly from Mendota to
the canyon of Panoche Creek, shows the diatomaceous clay in its
most typical form. Many electric logs are available and the clay
stratum can be traced to the western margin of the valley. Between
well 13/15-35E1 and well 14/14-12N2 the clay bed slopes approxi-
mately 3 feet per mile westward. Between well 14/14-12N2 and well
15/13-11D1 the slope increases to 15 feet per mile. Beyond well
15/13-11D1 the slope reverses, the clay sloping upward 435 feet to
well 15/13-18N1 (average slope about 100 feet per mile). Test well
15/12-23Q1 in the foothills of the Coast Ranges, about a mile west
of the valley border, revealed a diatomaceous silt bed at an altitude
of 485 feet above sea level that is correlative with the diatomaceous
clay found in wells in the valley.

On geologic section F-@, which follows the Fresno-Coalinga road,
the clay bed slopes about 4 feet per mile southwestward between
wells 17/17-26E1 and 17/17-29P1. Between well 17/17-29P1 and
well 18/17-7L1 the apparent dip increases to 52 feet per mile south-
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westward. Beyond well 18/17-7L1 the diatomaceous clay reverses
slope upward 37 feet per mile to well 18/16-25K. This reversal of
dip is in line with the trend of an anticlinal structure described by
Atwill (1943) and may reflect postdepositional deformation of the
clay.

On geologic section J-K, through Huron, the diatomaceous clay
bed slopes westerly about 15 feet per mile between wells 19/19-4G1
and 19/18-33N2. West of well 33N2 the clay bed is not recognized
in electric logs, possibly because of a gradation into silt or sand.

LOWER UNIT

The lower unit of the continental deposits underlies the diatoma-
ceous clay and extends downward to depths of 1,000 to 3,000 feet
below land surface; it comprises lenticular beds of silty clay, clay,
silt, and sand interbedded with occasional strata of well-sorted sand.
This lower unit is defined tentatively as extending downward to the
first occurrence of saline water. In the northern part of the area,
near Mendota, saline waters have been tapped by many wells from
1,000 to 1,400 feet below land surface. However, in most of the
Mendota-Huron area wells 2,000 feet and in some places as much as
3,000 feet deep do not tap saline water. Much subsurface geologic
work remains to be done in order to properly define the base of the
lower unit.

Interpretation of electric logs shown on the geologic sections in-
dicates that the sand members in the sediments in the lower unit make
up an average of 17 percent of the total thickness along section A-B-
C,15 percent along section F-@, and 13 percent along section J-K.
These variations are not considered significant, however, inasmuch
as the differences between the profile averages are smaller than the
differences between percentages for individual wells on the profiles.

As in the upper unit, sediments from both eastern and western
sources are present in the lower unit. In the Westhaven area, Hol-
dredge (footnote 1, p.422) reported highly oxidized brown sand, silt, and
clay beneath the diatomaceous clay. According to Holdredge these
presumed western-source deposits thin from 1,000 to 100 feet north-
eastward in a distance of about 6% miles. Underlying these deposits
and extending downward to the first occurrence of marine fossils at
about 3,000 feet depth are unoxidized light-gray angular poorly
sorted micaceous granitic sand and dark-colored silt and silty clay
inferred to be from an eastern source. In the sand beds from the
eastern source, fossils of fresh-water mollusks are common and fish
remains are prevalent in the clay beds toward the base of the zone,
indicating lacustrine conditions; whereas the oxidized clay and silt
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strata from the western source appear to have been deposited under
subareal conditions similar to those in the area at present.

The abundance of granitic sand containing small fragments of
fossil shells discharged at land surface from deep wells in much of
the Mendota-Huron area testifies to the widespread extent in the
lower unit of lacustrine beds from an eastern source, similar to those
described above at depth, but no geologic studies of these deposits
other than those of Holdredge have been undertaken to date, except
for current extensive but uncompleted studies by the Bureau of
Reclamation. If the overlying diatomaceous clay is of late Pliocene
age as designated by Lohman, the lower unit is of Pliocene age and
comprises the basal part of the Tulare formation and possibly the
uppermost part of the San Joaquin formation.

GROUND-WATER FEATURES
OCCURRENCE OF GROUND WATER

In general, at least three distinct ground-water bodies are penetrated
in drilling wells in the Mendota-Huron area. In downward succession
these are: a body of semiconfined water which occupies all but the
uppermost part of the upper unit of the continental deposits—called
the upper water-bearing zone for purposes of this report; the principal
body of water of poor to good chemical quality which occupies the
lower unit of the continental deposits and is confined by the diato-
maceous clay—called the lower water-bearing zone in this report;
and a body or bodies of brackish to saline water which underlie the
fresh-water body throughout the area.

UPPER WATER-BEARING ZONE

Water contained in the alluvial deposits of the upper water-bearing
zone is partly confined, and except in a limited area near the western
margin of the valley it appears to be effectively separated from water
in the deposits of the lower water-bearing zone by the diatomaceous
clay. The aquifers of the upper zone are believed to consist of lentic-
ular fluviatile sand lenses, more or less interconnected hydraulically
both horizontally and vertically. The water in wells of different
depths in the same locality stands at different levels, but always
higher than in wells perforated only in the lower zone. In many wells
tapping both the upper and lower water-bearing zones water stands
at a level intermediate between the water levels characteristic of the
two zones. Chemical analyses of water from deep wells indicate that
many draw appreciable quantities of water from the upper zone,
either directly through perforations or leaks opposite the upper zone,
or by recovery from the lower zone after downward movement of the
upper-zone water in the well casing or in the gravel pack, or both.
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The following diagrammatic sketch (fig. 67) illustrates the general
pattern of water movement from the upper to the lower water-bearing
zone when the pump is not operating.

Laboratory tests made by the Bureau of Reclamation upon cores
from test well 15/14-15E1 indicate that locally the porosity of the
deposits of the upper zone ranges from 36 percent for an ill-sorted
silt to 54 percent for a clay. Permeameter tests made normal to the
bedding on selected cores from that well indicated a range in perme-
ability (Wenzel, 1942) from 0.0009 gpd per square foot in clay to a
maximum of 74 gpd per square foot in a well-sorted fine sand.

In much of the Mendota-Huron area the low permeability of the upper
water-bearing zone has led to the practice of drilling irrigation wells
to include the lower water-bearing zone as the principal aquifer; in
some places the inferior quality of water in the upper zone precludes
its use for irrigation, but in a belt paralleling the axial trough of the
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valley from Tranquillity southeast about 25 miles to Oakland Avenue
and extending 3 to 5 miles westward, wells completed in the upper
zone provide ample supplies of irrigation water of usable quality.
Pump-efficiency tests on 35 wells tapping the upper zone in this-
area indicate an average yield per well of 1,330 gpm and an average
specific capacity of 62 gpm per foot of drawdown. Yield ranges
from 557 to 2,057 gpm and specific capacity from 20 to 128 gpm per
foot of drawdown.

LOWER WATER-BEARING ZONE

Water in the lower water-bearing zone is effectively confined by
the diatomaceous clay, except along the western edge of the valley.
It is confined most extensively south of the Fresno-Coalinga road.
In the Mendota-Huron area the piezometric (pressure) surface for
confined water in the lower zone, an imaginary surface that coincides
everywhere with the head of the water in the confined aquifer, was
materially lower in 1952 than water levels in wells tapping only the
upper water-bearing zone. The difference in head is easily recognized
by comparison of levels in companion deep and shallow wells. It
ranges from 30 feet or less near the city of San Joaquin in the axial
trough of the valley, where draft on the lower zone is negligible, to
more than 300 feet west of Five Points, where almost all the pumpage
is from the lower zone.

Deposits of the lower zone support the bulk of the irrigation draft
in the Mendota-Huron area, which approximated 1,240,000 acre-
feet in 1952-53 (table 1). Records of pump-efficiency tests obtained
from the Pacific Gas and Electric Co. through the cooperation of well
owners indicate that the average irrigation-well yield is about 1,100
gpm and the average specific capacity is 42 gpm per foot of drawdown,
based on records of 425 wells for which complete information was
available in 1952. Many of these wells tap part of the upper water-
bearing zone as well as the lower zone, and possibily as many as 10
percent tap the upper zone only. Therefore the averages cited
above are for the average well yield in the Mendota-Huron area,
regardless of zone tapped.

Pump-efficiency tests for 62 wells that tap the lower water-bearing
zone exclusively, or include not more than 50 feet of the upper zone in
their perforated casing interval, indicate an average yield of 1,280
gpm, an average drawdown of 31 feet, and an average specific capacity
of 48.

It is difficult to determine the transmissibility of the lower water-
bearing zone because of the pumping schedules. Crops are grown
throughout the year and fields are irrigated both day and night. On
the average, one well per square mile operated continuously about 85



'GROUND-WATER CONDITIONS, MENDOTA-HURON AREA, CALIF. 429

percent of the year in 1952, according to estimates of the Pacific Gas
and Electric Co. Under such a system many of the thousand irrigation
wells in the area are operating at any given time and a complete pump-
ing shutdown is literally unknown. Thus, the standard tests for deter-
mining transmissibility by measuring the drawdown in nearby idle
wells when a well is pumped would be exceedingly difficult to run and
evaluate because of interference from many distant wells. Fortunately,
information available from a study by Haehl and Forbes (p. 416) for
the Boston Land Co. in the Westhaven area can be interpreted in the
light of modern hydrologic theory to obtain figures for the trans-
missibility and permeability of the deposits in the lower zone.

In 1926 the Boston Land Co. had 54 irrigation wells near West-
haven in T. 19 S, R. 18 E. and the northern part of T. 20 S., R. 18 E.
These wells were 1,335 to 2,600 feet deep and were perforated at depths
from 600 to 2,600 feet. The wells were drilled by the rotary method,
but were completed without gravel packs. Thus, it can be assumed
that the wells drew no water from above the shallowest perforations.
Inasmuch as the base of the upper water-bearing zone is 650 to 800
feet below land surface near Westhaven (pl. 32), only & small percent-
age of the perforated interval is opposite the upper zone. It is believed
that little error is introduced by assuming that the wells of the Boston
Land Co. drew all their water from the lower water-bearing zone.

As part of the 1926 study, all 54 wells of the Boston Land Co. were
shut down for a period of 3 months, July 31 to November 1, 1926.
During the shutdown period continuous observations were made of
water-level recovery in the wells of the Boston Land Co. and in other
selected deep wells in the vicinity. The coefficient of transmissibility
for the deposits of the lower zone as estimated from the curve of
average recovery of Boston Land Co. wells by the Theis recovery
formula (Theis, 1935, p. 522) is 120,000 gpd per foot. Assuming an
average perforated thickness of 1,100 feet, the average coefficient of
permeability of the lower water-bearing zone is computed to be 110
gpd per square foot.

An anomalous condition exists in the area west of Huron, extending
roughly 6 miles east and north of the mouth of Los Gatos Creek, sec.
22,T.20S.,R. 16 E. (Seepls. 28 and 29.) In this area wells to depths
of 2,000 to 2,200 feet are characterized by abnormally shallow static
water levels, low discharge temperatures, and high sulfate concentra-
tions, generally associated with waters contained in deposits of the
upper water-bearing zone. The cause is not fully known but it seems
to be related to the fact that the diatomaceous clay confining bed is
lacking in this area as indicated by geologic section J-K (pl. 32). The
low water temperatures and high sulfate content of these waters,
characteristic of the ground and surface waters of Pleasant Valley,
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suggest that recharge from Los Gatos Creek is reaching the deposits
tapped by these deep wells.

GROUND-WATER PUMPAGE

The pumping draft in the Mendota-Huron area, which has in-
creased so rapidly since 1945, has had an important effect on ground-
water conditions, with respect to direction of movement, position of the
water table in the upper water-bearing zone, and especially the position
of the piezometric surface for the lower water-bearing zone.

At the time of the original Geological Survey well canvass in the
San Joaquin Valley in 1905 essentially no irrigation was reported in
the Mendota-Huron area. One artesian well in sec. 14, T. 16 S., R.
17 E., was reported as used for irrigation exclusively and several wells
at oil pipeline pumping stations were used to irrigate small gardens
and for domestic supply. In 1909 Stabler (Mendenhall, Dole, and
Stabler, 1910, p. 154) tested the performance of an irrigation pumping
plant owned by the Valle Verde Investment Co. in sec. 2, T. 14 S,,
R. 14 E,, that was used to Irrigate 58 acres of grain, alfalfa, and garden
truck. In the text of Water-Supply Paper 398 (p. 238), Mendenhall
describes conditions in 1910 as follows:

The west side of the county is mostly semiarid sheep range, but the possibility
of producing good crops by the use of ground water along the lower eastern edge
of this west-side plain is being demonstrated around Mendota and Huron, and on
several isolated farms between these settlements. Barley, Egyptian corn, alfalfa,
and general garden truck are being irrigated by pumping in T. 14 8., R. 14 E,,
T.158,R.14E., T. 158, R. 15 E,, and T. 20 8., R. 17 E.

The first large-scale irrigation development in the Mendota-Huron
area was undertaken near Oro Loma (pl. 28) in T. 12 S,, R. 11 E. and
T.12S, R. 12 E. as early as 1915. An attempt was made in that year
to colonize a large area by subdividing the land into 20-acre to 80-
acre tracts. Storage works were built on Little Panoche Creek for a
surface-water supply which was to be supplemented by ground-water
pumpage from 12 wells, each about 600 feet deep, drilled by the colony.
The surface supply proved inadequate and the storage and diversion
works were destroyed by floods. The project was soon abandoned as
the operation of the small tracts proved uneconomical. The land was
purchased by companies and individuals who now farm it in large
tracts.

The Boston Land Co. in 1917 began large-scale irrigation in the
southern part of the area with the drilling of 30 wells, 1,400 to 2,000
feet deep, to supply irrigation water to a tract of 37,000 acres near
Westhaven. Between 1917 and 1924 an additional 24 deep wells were
drilled on the property. From 1917 to 1926 an average of 12,500 acre-
feet of water was pumped annually (see p. 416, Haehl and Forbes,
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unpublished report). Early attempts to grow orchards and vineyards
proved unsuccessful, presumably because of the inferior quality of the
ground-water supply in relation to soils and drainage, and the area is
now devoted principally to growing cotton and grain.

A summary of pump-efficiency tests made by the San Joaquin
Light and Power Corp. in 1923 and 1924 indicates that there were
at least 31 irrigation wells in the Mendota-Huron ares in addition to
the 54 wells of the Boston Land Co. On the basis of electric energy
consumed and average energy required for each acre-foot of water
pumped, the San Joaquin Light and Power Corp. has estimated that
these 31 wells pumped 22,000 acre-feet annually; the average capacity
of the pumps was 850 gpm. Thus, in 1924, the pumping draft from
the Mendota-Huron area was about 35,000 acre-feet.

In 1926, Forbes (p. 416) canvassed the area south of the south line
of T. 16 S. and reported 78 active irrigation wells in that part of the
Mendota-Huron area.

A summary of pump-efficiency tests made by the San Joaquin
Light and Power Corp. for the Firebaugh-Mendota territory in 1929
lists 74 irrigation wells in T. 13 S., T. 14 S., and T. 15 S., all within
the borders of the Mendota-Huron area. Pumpage from these wells
was estimated by the San Joaquin Light and Power Corp. from
electric energy consumed to have been 74,000 acre-feef in 1929, or
an average of 1,000 acre-feet per well.

A map compiled by E. J. Griffith, Pacific Gas and Electric Co., in
December 1941, showed the locations of 293 irrigation wells in the
Mendota-Huron area. In the 10-year period 1941 to 1951 this
number had more than tripled, to a total of 1,022 irrigation wells by
the autumn of 1951.

Table 1 and figure 68 show the total ground-water withdrawals for
the period 1935-36 to 1952-53, inclusive. The basic data were
compiled largely by E. J. Griffith, power engineer, Pacific Gas and
Electric Co., Fresno, and were made available through the cooperation
of V. C. Redman, division sales manager, San Joaquin Power Division,
Pacific Gas and Electric Co. The total ground-water withdrawals in
acre-feet were derived from total power consumption per customer
per year divided by an average figure for kilowatt hours per acre-foot
for each customer as determined from pump-efficiency tests for that
customer for the same year. The pumpage total has been separated
into the part for a northern district, that part of the Mendota-Huron
area north of the north line of T. 16 S., and the part for a southern
district including T. 16 S., and extending southward to Tulare Lake
Bed, in order to bring out the extraordinary increase in amount of
water pumped in the southern district since 1945.
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As shown by the table and by figure 68, pumpage in the northern
district has almost trebled from 1935-36 to 1952—-53—from 115 to 340
thousand acre-feet. In the southern district, however, pumpage has
increased from 20 to 895 thousand acre-feet in the 17 years since
1935-36. Pumpage in the southern district has more than doubled
since 1948-49. Pumpage in the two districts was about equal from
1939-40 to 1945-46, but in the following 7 years to 1952-53 in the
southern district increased to nearly three times that in the northern
district.

TaABLE 1.—Estimated ground-water pumpage in the Mendota-Huron area, 1935563

[Pumpage in thousands of acre-feet; for agricultural year beginning April 1 and ending March 31; data
chiefly from Pacific Gas and Electric Co.]

Year Northern | Southern| Total Year Northern | Southern| Total
distriet | distriet district | district
115 20 135 || 194445 175 175
130 30 160 || 194546 180 190 370
140 75 215 || 1946-47___ 200 255 455
150 110 260 || 1947-48___ 240 356 595
1948-49___ 235 410 645
145 130 275
140 130 270 || 1949-50_.. 255 590 845
135 145 280 || 1950-51_.. 305 695 1,000
150 170 320 || 1951~562._. 245 805 1,050
165 175 340 || 1952-53 340 895 1,240

Nearly all ‘the water pumped directly from the upper water-bearing
zone is through irrigation wells, although a few wells, used for stock,
domestic, and industrial supply, draw water from the upper zone.
In the area from Tranquillity southeast to Five Points and for about
8 miles beyond, most of the irrigation draft is from wells tapping
only the upper zone. Elsewhere in the Mendota-Huron area, draft
from the upper zone is chiefly from deeper wells that produce also from
the lower water-bearing zone.

Most of the water now pumped from the Mendota-Huron area is
withdrawn from the lower water-bearing zone. An accurate estimate
of the proportion taken from each zone cannot be made with available
data because so many of the wells tap both zones, and water moves
from the upper to the lower zone in substantial quantity through
well casings and gravel envelopes when the pumps in the two-zone
wells are idle. (See fig. 67.) However, a review of the proportion
of perforated casing in the lower zone to that in the upper zone
suggests that at least 75 percent and possibly more than 80 percent
of the overall pumpage is from the lower water-bearing zone. The
very large withdrawal from this zone has drawn down water levels
so substantially that in 1951 the pumping lift ranged from 100 feet
below land surface in the eastern part of the area near Tranquillity
to more than 700 feet in the western part near the mouth of Cantua
Creek; the average lift was on the order of 400 feet. (See pl. 33.)
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MOVEMENT OF GROUND WATER

Earliest measurements of depth to water in wells in the Mendota-
Huron area, made by the Geological Survey in 1905 (Mendenhall, Dole,
and Stabler, 1916, pl. 1 and tables 52 and 58), indicate that at that
time, prior to the introduction of irrigated agriculture in the area, the
water-level gradient in the deposits of the upper water-bearing zone
sloped gently from the foothills of the Coast Ranges on the west toward
the axial trough of the valley on the east. Lines of equal elevation
of the water surface for 1905 (shown in Water-Supply Paper 398, pl. 1)
based upon water-level measurements in shallow stock and domestic
wells less than 300 feet deep, indicate a northeasterly water-level
gradient of 7 feet per mile or less throughout the Mendota-Huron
area.

Forbes (p. 416) states that in 1926 the average gradient of the shallow
water body was about 6 feet per mile from Huron eastward to the
axial trough. Waters of surface streams emerging from the Coast
Ranges on the west evidently percolated downward to the upper
water-bearing zone and moved eastward down the slope of the water
table to escape by evaporation at land surface within a belt of alkali
soils on the lower slopes of the west-side alluvial fans (Harradine,
1950, p. 17). Strong supporting evidence is furnished by the fact
that the west-side streams do not have well-defined channels across the
area and even in flood stage rarely reach the Kings and San Joaquin
River drainages along the axial trough of the valley.

Irrigation draft and replenishment have somewhat altered the form
of the water surface in the upper zone. In areas where draft on the
upper zone has been heavy, as in the axial portion of the valley, water
levels have declined markedly below initial conditions, yet in other
areas where the irrigation draft is confined almost wholly to the lower
water-bearing zone, water levels in the upper zone appear to have
risen slightly. Water in the upper zone is in part confined and in part
unconfined—that is, a free water table exists at the top of the satu-
rated sediments, but there is sufficient separation of aquifers within the
upper zone that water stands at different levels in wells of different
depth. The existence of such differences in head within the upper
zone is illustrated near the eastern end of water-level profile F-G-H
(pl. 34). Static levels measured in wells that tap the lower part of the
upper zone are 10 to 115 feet deeper than the water table, and heavy
irrigation draft near Five Points has caused a westward water-level
gradient of 18 feet per mile between wells 17/18-9E1 and 17/1727R1,
in the opposite direction from the slope of the water table. The
approximate position of the water table in 1951 is shown on plates
30-32, and 34. Measurements of water levels in the spring of 1951
did not supply sufficient control to draw contours or profiles of the
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water table, so the 1951 measurements were supplemented in part of
the area by measurements made in earlier years (1948-50), and by
determination of the top of the saturated sediments from electric
logs. Although the water table so defined is too poorly controlled to
permit accurate estimates of changes in ground-water storage, it is
probably correct to within a few feet and shows the direction of move-
ment of the unconfined water.

The initial gradient of the piezometric or pressure surface of the
confined water in the lower water-bearing zone cannot be established
accurately from available records. Mendenhall (Mendenhall, Dole,
and Stabler, 1916, pl. 1) outlined the area in the San Joaquin Valley
where artesian wells flowed at the land surface in 1905. This belt
extended northward from Kern County to the San Joaquin River
delta and several miles east and west of the valley trough. This
artesian area extended 2 to 6 miles westward from the valley axis
throughout the length of the Mendota-Huron area but the western
boundary was poorly defined. Within the area of flowing wells the
piezometric surface of the confined water necessarily stood above land
surface and the boundary of the area of flowing wells represented the
line where the piezometric surface intersected the land surface. Along
this line water from the lower zone would rise to land surface in wells,
but they would not flow. It follows then that the land-surface altitude
along the boundary also determines the altitude of the piezometric
surface along the same line. By plotting these altitudes it was found
that the piezometric surface as of 1905-07 had a northerly component
of slope of about 1% feet per mile, declining in about 65 miles from 240
feet above sea level at the southern edge of T. 19 S., R. 19 E. (a few
miles north of Stratford), to 125 feet above sea level at the Fresno-
Merced County line. West of the boundary line plotted by Menden-
hall no wells were known to tap the lower water-bearing zone, so it is
impossible to determine the direction or magnitude of the slope of the
piezometric surface west of the initial artesian area.

Forbes (unpublished report) stated that the piezometric surface of
the deep horizon (lower water-bearing zone) throughout the Huron
area was a nearly flat surface at 235 feet above sea level prior to the
first heavy draft on the lower zone in 1917. This conclusion was
based on water-level measurements in several wells drilled for the
Boston Land Co. near Westhaven in that year, upon a reported water-
level altitude of 235 feet in a well in sec. 26, T. 19 S., R. 16 E. reported
as being 1,200 feet deep, and an altitude of 233 feet in a well in sec. 3,
T. 20 S., R. 16 E. that was reported to be 860 feet deep. However,
another well in sec. 3, T. 20 S., R. 16 E. reported to be 1,152 feet deep
and only 25 feet north of the first well, had a reported water-level
altitude in 1917 of 271 feet compared to 233 feet for its companion.
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Water was reported to have stood at 254 feet above sea level in 1917
in well 20/17-11E1 at Huron, reported to have been 1,200 feet deep.
If this report was correct it would suggest that the piezometric surface
of the confined water sloped approximately 4% feet per mile between
Huron and the Boston Land Co. well field near Westhaven at that
time.

Thus, depending upon which wells are chosen for control, the
piezometric surface either was level as Forbes concluded or sloped
eastward an average of approximately 3 feet per mile from the valley
margin to Westhaven. Depths to water measured in July and August
1922 in wells 17/17-33N3 and 18/17-7N2, 1,700 and 1,800 feet deep
respectively, indicated a northeasterly slope of the piezometric surface
of about 2¥% feet per mile between these wells.

In summary, it would appear that the piezometric surface of the
confined water prior to heavy withdrawal of ground water in the
Mendota-Huron area (1917 to 1922) sloped gently to the northeast
in the general direction of the axial trough of the valley. The gra-
dient under undisturbed natural conditions is unknown, inasmuch as
flowing artensian wells were drilled in the axial area of the valley as
early as 1869 and there was appreciable draft on the lower zone by
these wells prior to the 1905 water-level measurements made by the
Geological Survey (Mendenhall, Dole, and Stabler, 1916).

Heavy irrigation draft from the lower water-bearing zone begin-
ning about the time of World War I has lowered the piezometric
surface very much in the Mendota-Huron area. Withdrawals from
the aquifers of the lower zone on the margins of the area, that is,
along the axial trough of the valley, in the area to the north of Lift
Canal No. 3 northwest of Mendota, and in the Tulare Lake Bed,
have not kept pace with withdrawals from the Mendota-Huron area,
resulting in the formation of a steep westward gradient of the
piezometric surface toward the area of heavy pumping. (See pls. 28
and 34.)

The water-level contours on plate 28 indicate that in 1951 the con-
fined water in the lower zone was moving from the east and north-
east toward an elongate pumping depression which extended through-
out the length of the Mendota-Huron area from north to south and
whose axis was only 4 to 6 miles east of the western edge of the val-
ley in most of the area. These contours are based upon measure-
ments of depth to water in some 700 wells made in April and May
1951. Of this number about a quarter of the measurements were
eliminated from consideration because they were taken while the
wells were pumping. The remaining measurements were used as the
control for the contours shown on plate 28. However, many meas-
urements reflected the fact that water from the upper zone influenced
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the nonpumping level in wells, in that the water surface stood at an
abnormally shallow depth. As a result only those deep water levels
representing the lowest water surface were used as control for the
contours. Many minor irregularities, primarily those caused by
pumping in the vicinity of a control well, were ignored in drafting the
contour lines. Thus, the map shows generalized contours on the
piezometric surface of the lower water-bearing zone for April and
May 1951 rather than instantaneous conditions at the time each
measurement was made.

In order to show the change in water level that has occurred in the
zone of confined water as a result of the heavy pumping draft, water-
level profiles were drawn along four lines crossing the Mendota-Huron
area. (See pls. 28 and 34.) Profiles were plotted for the years 1945,
1948, and 1951 and for earlier years 1940, 1938, and 1926 where
measurements were available. They show that the pressure surface
of the confined water has declined throughout the period of record.
All four sets of profiles are generally similar, in that all show in 1951
a fairly steep westward gradient from the eastern margin of the area
toward a rather flat-bottomed longitudinal trough, and a reversal of
gradient resulting in an eastward slope near the western margin of
the area. Comparison of the profiles for earlier years with those for
April and May 1951 shows that the westward gradient of the pressure
surface has steepened somewhat with continued deepening of the
trough and that the axis of the trough has migrated westward in re-
cent years as irrigation was extended farther westward toward the
valley border. .

Because ground water moves down the water-level gradient from
areas of recharge to areas of discharge, the contours on plate 28 show
that recharge takes place chiefly beyond the northeastern and northern
boundaries of the area, and moves across the valley axis from the
east side. The only discharge possible under present conditions is
withdrawals by wells.

The water-level contour map for the spring of 1951 (pl. 28) shows
certain general features that are instructive with respect to source and
movement of ground water in the lower water-bearing zone. North-
east and east of the Mendota-Huron area there is little draft on the
lower zone at the present time, yet water levels in deep wells in that
area have continued to decline in response to the heavy pumping
draft to the west. South of Westhaven the pumping depression ap-
parently is continuous with a similar depression underlying the
northern part of Tulare Lake Bed, an area where deep wells draw
heavily upon a confined water body that is presumably continuous
with the lower water-bearing zone of the Mendota-Huron area. As
shown on plate 28, the sea-level contour closes about 3 miles north-
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west of the dry Tulare Lake Bed but the 50-foot-above-sea-level con-
tour extends southeasterly toward the lake-bed area. Extending
northward from Tulare Lake Bed and roughly paralleling the Kings
River and Fresno Slough as far north as Mendota, the 50-foot-above-
sea-level contour roughly bounds the area under investigation. North
of Mendota, in the area served with surface-water supplies from the
“lift” canals 1, 2, and 3, control is not sufficient to plot a 50-foot-
above-sea-level contour for 1951, but the sea-level contour bends
westward and trends northwesterly roughly parallel with the canals.
The 50-foot-below-sea-level contour closes about 4 miles southeast of
the Fresno-Merced County line, indicating movement of water from
beneath the lightly pumped canal-service area toward the pumping
depression of the Mendota-Huron area. The fact that the pumping
depression enclosed by the 50- and 100-foot-below-sea-level contours
extends to the very western limit of irrigation development suggests
that little recharge takes place along this part of the valley border.

About 2 miles south of its crossing of profile F~G-H, the sea-level
contour bends eastward for about 5 miles, then bends southward to
cross profile J-K near Huron. From there it extends southeasterly
to close a short distance northwest of Tulare Lake Bed.

West of Huron the pressure surface rises to at least 200 feet above
sea level, although there is heavy draft through numerous deep irri-
gation wells in this area. This feature is well illustrated on water-
level profile J-K which shows an eastward gradient of 42 feet per mile
between well 20/17-17N1 and well 20/17-11N1 toward the main
pumping depression of the area. Wells within the area of shallow
water levels west of Huron appear to be somewhat deeper than the
average for the Mendota-Huron area, ranging in depth from about
1,500 to 2,200 feet. Water temperatures taken at pump discharges ap-
pear to be abnormally low; certainly much lower than the average for
wells of 2,000-foot depth in the Mendota-Huron area. The discharge
temperatures for wells tapping these waters range between 72° and
82° F, instead of the 85- to 95-degree range generally characteristic
of the deeper wells of the Mendota-Huron area (see p. 470). These
wells yield water more closely related in chemical quality to the waters
of the west-side surface streams and the upper water-bearing zone
(p. 459) than to the typical waters of the lower water-bearing zone.
The shallow water levels, abnormally low water temperatures, and
chemical quality of the water in this area, combined with the fact
that the diatomaceous clay confining bed is not recognized in electric
logs in this vicinity (geologic section J-K), all suggest that the upper
and lower water-bearing zones are not effectively separated hydrauli-
cally in the area west of Huron. Some separation does exist, however,
as shown by the 135-foot differential in water levels in wells 20/16—

387511—57——3
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22J2 (200 feet deep) and 22J1 (1,230 feet deep), only 100 feet apart.
(See pls. 29 and 34; profile J-K.) In fact, as shown by the profiles of
1951 for the water table in the upper zone and the pressure surface for
the lower zone (profile J-K), the differential in water level for the two
zones is 125 feet or more along all the profile from Huron west to the
wells in 20/16-22J. The available evidence suggests that both water-
bearing zones receive recharge from streams discharging through
Pasajero and Polvadero Gaps.

DECLINE OF WATER LEVELS

Because recharge to the lower water-bearing zone in the Mendota-
Huron area has been less than accumulated withdrawal the piezometric
surface of the lower water-bearing zone has receded substantially
since ground-water pumping for irrigation began during World War I.
The piezometric surface prior to intensive development is shown on
water-level profile J-K for a short distance between Huron and West-
haven and on profile F-G-H between wells 18/17-7N2 and 17/17-33N3.
(See pl. 34.) Well 15/15-21B1 on water-level profile D-E was reported
as flowing at 180 feet above sea level when|drilled in 1914. No infor-
mation is available regarding early water levels along profile A-B ex-
cept the land-surface elevation of the western margin of the artesian
area according to Mendenhall. Inasmuch as Mendenhall had several
wells in the vicinity of Mendota for control, it is thought that the
boundary is essentially correct in that area.

A general impression of the magnitude of the recession of the
piezometric surface may be gained from the hydrologic profiles by
comparing early water levels with levels for April and May 1951.
The decline near Mendota (profile A-B) appears to have been on the
order of 150 feet. The pressure surface at well 15/15-21B1 on water-
level profile D-E declined 160 feet between 1914 and 1948 and may
have declined an additional 55 feet by 1951, making a total of 215
feet since 1914, if well 15/15-21B1 followed the trend of other deep
wells in the area between 1948 and 1951. Along water-level profile
F-G-H a recession of 180 feet is indicated between 1905 and 1951 at
the western margin of the area of flowing wells as of 1905. Farther
west at well 18/17-7N2 a decline in water level of 297 feet was recorded
from 1922 to 1951. As measured on water-level profile J-K the decline
in head for the period 1917-51 was 260 feet in well 19/18-34E1, near
Westhaven, compared to 288 feet farther west at Huron.

The decline of the piezometric surface for the period 1935-51, for
which accurate estimates of total withdrawals are available, is of
particular interest in estimating overdraft. The magnitude and dis-
tribution of this recession are well illustrated by the water-level
profiles although the water-level records are incomplete for the early
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years of the period. Hydrographs of deep wells (pl. 35) show the trend
of decline for a longer period than do the water-level profiles. Water-
level profiles A-B, D-E, and F-G-H show that the recession of the
piezometric surface has been more pronounced in the western part of
the area than to the east. However, wells along the western part of
water-level profile J-K in the area of possible interconnection of the
upper and lower water-bearing zones (see p. 459) show less decline in
water levels than do those to the east. The recession from 1948 to
1951 generally appears less than that from 1945 to 1948, probably
because the 1951 levels were measured when possibly three-fourths of
the pumps were shut down as contrasted to the earlier measurements
by the Pacific Gas and Electric Co. made throughout the year when &
greater proportion of plants were operating. Thus, the 1951 measure-
ments by the Geological Survey which suggest some measure of re-
covery or at least a halt in the decline of the piezometric surface are
not truly comparable with the earlier measurements as a guide to
actual rates of decline.

Hydrographs of one well tapping the upper water-bearing zone, 6
wells tapping the lower zone, and 4 wells that originally tapped the
lower zone but because of casing failure are now characteristic of the
upper zone are presented on plate 35. (For location, see pl. 28).
The distribution of the wells tapping the lower zone for which hydro-
graphs are shown is: 2 wells in the northern district west and north-
west of Mendota, and 4 wells in the southern district, two of which
are in the vicinity of Five Points and two farther south in the West-
haven-Huron area. The hydrographs are based for the most part on
water-level records from pump-efficiency tests made by the Pacific
Gas and Electric Co. and recent measurements by the Bureau of
Reclamation and the Geological Survey. The practice generally
followed by the Pacific Gas and Electric Co. in making tests is to
measure the water level upon arrival at the well while the pump is
operating then to shut the pump off and measure the level after 5
minutes or more has passed. Thus, the so-called static water level
as recorded on pump-efficiency tests is in reality a short-period
recovery level rather than a static level. Engineers of the company
feel that most of the pressure response to cessation of pumping takes
place within 5 minutes; however, some of the variations in well draw-
down which are apparent on the hydrographs may be related to vari-
ations in the length of the short-period recovery time.

As the hydrographs show, the water levels in deep wells have
declined in general agreement with the increase in pumpage shown
on figure 68. The water level in well 13/12-4N1 in the northernmost.
part of the area, about 6 miles southeast of the Fresno-Merced County
line, declined about 10 feet per year between 1935 and 1939, then
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FIGURE 68.—Estimated ground-water pumpage in the Mendota-Huron area, 1935-53.

was essentially unehanged until March 1942, corresponding to a
slight decrease in withdrawals from the northern district between
the 1938-39 agricultural year and the 194142 agricultural year.
After spring 1942, the decline in water level continued at about 7
feet per year through 1950.

The water-level record for well 13/14-35Q1, near the eastern
margin of the area of heavy irrigation draft about 1% miles west of
Mendota, begins in 1929. The hydrograph shows that the level was
essentially constant from 1929 to 1933, declined about 8 feet a year
from 1933 to 1937, about 1 foot a year from 1937 to 1941, and about
4 feet a year from 1941 to 1949.

Water levels in well 17/16-18E1 (pl. 35), approximately in the
center of the Mendota-Huron area, agree in general with the rate of
pumpage (fig. 68) in the southern district. Beginning in 1937 the
level declined steadily about 10 feet per year until 1946. After 1946
the decline increased at an accelerated rate comparable with the great
increase in withdrawals in the southern district so that the decline
.in 1950 was on the order of 30 feet. Levels in wells 18/18-19N1 and
N2, about 6 miles south of Five Points, are in general agreement with
those in well 17/16-18E1, showing a gradual decline until 1946 and
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a greatly accelerated decline thereafter to 1951, when the casing
failed and the level began to reflect the head in the upper zone.

Records of water levels in wells 20/17-36D1, 4 miles south of
Huron, and 19/18-20N1, 3% miles northwest of Westhaven, both
reflect a great increase in irrigation development in the vicinity of
Huron since 1945. The Pacific Gas and Electric Co. well-location
map of December 1941 indicates that few wells had been drilled in
T.19 S, T. 20 S., and T. 21 S. since Forbes (unpublished report)
canvassed the area in 1926. Actual withdrawals of ground water
in the Huron-Westhaven area were probably lower during the de-
pression period of 1930 to 1940 than during the previous decade.
For example, pumpage from the Boston Land Co. well field near
Westhaven ranged between 7,100 and 8,000 acre-feet per year be-
tween 1942 and 1945 as compared with an average withdrawal of
12,500 acre-feet per year for the period 1917-26. This marked
reduction in pumping is reflected on hydrologic profile J-K by the
smallness of the net recession of the piezometric surface between
1926 and 1945, which at well 19/18-26N1 amounted to only about
10 feet. The 1940 measurement in well 19/18—26N1 was approxi-
mately 10 feet higher than the 1926 static level in the same well.

The hydrograph of well 19/18-14D1 (pl. 35) shows long-term
trends in water level for the period 1917-51 in the Westhaven area.
The water level declined approximately 64 feet between 1917 and
1926 under the influence of an average withdrawal of 12,500 acre-
feet from the Boston Land Co. well field. Between 1926 and 1935
the net decline in head amounted to only 24 feet, and between 1935
and 1945 the decline was only 22 feet. After 1945 the decline in
water level increased rapidly, corresponding to a rapid increase in
ground-water withdrawals in the southern district (fig. 68). The
decline from October 1945 to March 1950 totaled 111 feet or approxi-
mately 25 feet per year. Between March and June 1950 the casing
in well 19/18-14D1 failed and by September the water level in the
casing had risen 195 feet to a level corresponding to that of shallow
wells in the area. In September 1950 the measured depth of the
well was only 169 feet.

Hydrographs of wells 14/14-25M1, 16/15-26P1, and 18/16-26F1
(pl. 35) not only portray the general recession of water levels dis-
cussed previously but also illustrate the water-level recovery caused
by casing failure. The water level in well 14/14-25M1 through 1948
shows the normal, gentle decline characteristic of wells tapping the
lower water-bearing zone in the northern district, but by June 1949
the water level in the well had risen more than 50 feet. Monthly
measurements thereafter by the Bureau of Reclamation show that
the level no longer had the steady decline and pronounced fluctuations
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characteristic of the confined water of the lower zone; in 1951 the
level represented a compromise about 100 feet higher than the head
in the lower zone but about 50 feet below the water table.

The water level in well 16/15-26P1 declined steadily until 1946 in
conformance with levels in other wells in the vicinity, but in 1946
and 1947 rose contrary to the normal declining trend, suggesting
that water from the upper zone was entering the well. This period
was marked by a decline in capacity of the well from 1,000 gpm to
about 800 gpm. In 1948 the water level in the well resumed the
normal downward trend with a marked decline of 36 feet in non-
pumping level between January and September 1948. The well was
abandoned in August 1949 because of casing failure, whereupon the
water level rose 146 feet and began to show the minor fluctuations
characteristic of the upper water body. The water-level rise indi-
cates that the casing collapse had essentially shut off the lower water-
bearing zone.

The hydrograph for well 18/16-26F1 to 1949 is similar to those for
wells 18/18-19N2 and 17/16-18E1 (pl. 35) and illustrates the pro-
nounced decline in the piezometric surface in the southern district
from 1945 on. However, water-level measurements made in 1950
and 1951 show that the nonpumping water level rose 60 feet between
July 1950 and January 1951, indicating the entry of water from the
upper zone in significant quantities, and a probable partial shutoff
of the lower zone by casing collapse.

The hydrograph of well 16/16-18N1 is included on plate 35 to illus-
trate water-level fluctuations in an active well tapping only the upper
water-bearing zone. The well, drilled to a 521-foot depth, is one of
several irrigation wells near Cantua Creek that produce irrigation
water from the upper zone. Not only is the water level much higher
than in nearby wells drawing from the deep zone—in this place the
difference in head would amount to about 84 feet—but the fluctuation
of the water level is less pronounced than in deeper wells and the
marked decline of water levels so well shown by hydrographs of wells
that tap the lower water-bearing zone is not evident here. In contrast
to declines of up to 30 feet per year for head in the lower zone, this
upper-zone well shows a water-level decline of only about 25 feet for
the 10-year periods 1943-53.

RECHARGE
PRIMARY RECHARGE

Under native conditions the only possible sources of recharge to
the ground-water body in the Mendota-Huron area were influent
seepage from rainfall; seepage losses from intermittent runoff in the
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streams discharging from the Coast Ranges to the west onto the apron
of alluvial fans; and subsurface inflow.

The average yearly precipitation in the Mendota-Huron area ranges
from about 7 inches at Mendota in the northern part to 5 inches west
of Tulare Lake Bed (Calif. State Water Resources Board, 1951, p. 315
and pl. 3). This quantity is so small that only in very exceptional
storms would there be any possibility of seepage from rainfall beyond
the soil zone. Under normal circumstances all this water is lost by
evaporation or by transpiration from the soil zone. Therefore, it is
assumed that rainfall does not contribute directly by seepage to the
ground-water supply.

The average annual runoff for the west-side streams from Panoche
Creek to Los Gatos Creek, inclusive, has been estimated as 48,400
acre-feet for the period 1889-1929 (Calif. Div. Water Resources, 1930,
p. 67). Little Panoche Creek to the north also discharges into the
Mendota-Huron area. Although an estimate of runoff for that stream
is not available, addition of runoff from its drainage basin would in-
crease the estimate to at least 50,000 acre-feet, and that rounded figure
is considered the approximate average runoff for the west-side streams
discharging onto the Mendota-Huron area. :

Seldom does the runoff from these west-side streams reach the axial
trough of the valley. Although a small part of this runoff is lost by
evapotranspiration, and a small part is used for surface irrigation by
means of diversion from ponds behind check dams, most of it passes
downward through the soil zone and eventually reaches the water
table in the upper water-bearing zone. The writers estimate that
roughly 60 to 80 percent or 30,000 to 40,000 acre-feet a year is contrib-
uted on the average to the ground-water body.

Under the native conditions of gentle northeastward slope of the
water table and of the piezometric level of the confined water to the
axial trough of the valley, the only opportunity for subsurface inflow
was through permeable gaps on the southwest flank of the area.
Pasajero and Polvadero Gaps at the east end of Pleasant Valley are
the only two such gaps. It is known that ground water moved east-
ward beneath Pleasant Valley under native conditions and still does.
As shown by the water-level profiles of figure 73, (p. 465) the apparent
gradient is gentle and the true gradient cannot be much steeper. It is
also known that a steep hydraulic gradient must have existed initially
through both gaps. Because neither the cross-sectional area nor the
permeability of the water-bearing materials in the gaps is known, and
the gradients are uncertain, the subsurface discharge through Pasajero
and Polvadero Gaps to the San Joaquin Valley cannot be calculated
at this time. It is believed not to exceed a few second-feet at most,
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however, and, thus, probably does not exceed 0.2 percent of the current
pumping draft. It is considered so small as to be of no consequence
in considering quantities of water required for importation to balance
supply and demand in the area.

Thus, under native conditions, seepage from west-side streams was
the only substantial source of recharge to the Mendota-Huron area and
is estimated to have been 30,000 to 40,000 acre-feet a year on the

average.
SECONDARY RECHARGE

Drawdown of the water level during the period of increasing pump-
ing draft has developed a substantial westward gradient of the piezo-
metric level in the lower water-bearing zone along the eastern border of
the Mendota-Huron area (pls. 28 and 34). This means that ground
water is now moving southwest beneath the axis of the valley and that
the lower water-bearing zone is receiving “secondary’” or induced
recharge from the east side of the valley along the full reach of the
Mendota-Huron area.

The water levels in the upper water-bearing zone are not closely
controlled and a water-table map was not included in the report for
" that reason. However, the available information, including water-
level profiles. for the upper zone shown on plate 34, indicates that in
areas of heaviest pumping from the upper zone, such as the area from
Tranquillity to and beyond Five Points, a westward gradient extend-
ing east of the valley axis has been developed in the upper zone also.
Northwest of Mendota, north of Lift Canal No. 3, irrigation is chiefly
by surface water from the several canals, and the water table is shallow.
Here the water table slopes gently to the northeast, however, except
on the south flank of a local recharge mound beneath the service area
of the “lift"” canals—extending about 10 miles east from Oro Loma
in 1952.

For purposes of this report, and the immediate problems of the State
and other agencies in considering the amount of surface water that
would have to be imported to replace the ground water presently
being “mined” in the Mendota-Huron area, it is of interest to obtain
at least a rough quantitative estimate of the magnitude of this
“secondary recharge’ or subsurface inflow.

By far the greatest part of the secondary recharge to the Mendota-
Huron area is through the lower water-bearing zone and the quantity
of this recharge can be calculated roughly. The calculation can be
made by use of the equation Q= TIL and, thus, requires estimates for
the transmissibility, T'; the hydraulic gradient, I; and the length of
the percolation face, L.

The coefficient of transmissibility may be defined as the volume of
water in gallons, at the prevailing water temperature in the aquifer,
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that will move in 1 day under a unit hydraulic gradient (100 percent),
through a vertical strip of the aquifer 1 foot wide extending the full
saturated thickness of the aquifer. For convenience it may be
expressed as the water in gallons per day moving across a section of
the aquifer 1 mile wide for each foot per mile of hydraulic gradient.

The percolation face along which movement of ground water in the
lower water-bearing zone is here considered is line N-P, plate 28.
This line extends from South Dos Palos southeast along the 50-foot-
above-sea-level contour to Tulare Lake Bed southeast of Westhaven.
This line is as close to the axial trough as practical but still within the
area where hydraulic gradient is known approximately. The length
of line N-P is approximately 71 miles.

The average hydraulic gradient between the plus 50-foot and the
sea-level contour for the generalized contours of plate 28 (nonpumping
level of April and May 1951) is roughly 15 feet to the mile.

The transmissibility of the lower water-bearing zone near Westhaven
has been computed from a well-field recovery in 1926 to be on the
order of 120,000 gpd per foot. (See p. 429.) Field tests of trans-
missibility have not been obtained to date by the Geological Survey
for the reach of the line from Westhaven to South Dos Palos. How-
ever, information available from many pump tests suggests that the
specific capacity of wells tapping the lower water-bearing zone along
the reach of line N-P is reasonably consistent, commonly ranging
between 35 and 60 gpm per foot of drawdown. Therefore, although
the thickness of the lower zone decreases northwestward from 1,100
feet at Westhaven to about 750 feet near Tranquillity and to about
400 feet at the north end of the section, the rough consistency of the
specific-capacity values suggests that increase in permeability north-
westward must be roughly inversely proportional to the decrease in
thickness, and thus that the transmissibility (the product of per-
meability and thickness) does not change substantially from south
to north.

The quantity of water moving across percolation face N-P in the
lower water-bearing zone under the conditions specified would be
120,000(7) X 15(I) X 71(L) =128 mgd

=394 acre-feet/day or 145,000 acre-feet/yr

Two uncertainties in this estimate are the transmissibility and the
hydraulic gradient. The transmissibility is essentially a constant at
any one place and a close approximation of the transmissibility along
this 71-mile reach can be obtained if satisfactory field-pumping tests
can be carried out at 5- to 10-mile intervals along the reach. The
Geological Survey proposes to obtain field determinations of trans-
missibility at several places along or near this reach as a part of the
continuing program in this area.
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The hydraulic gradient of about 15 feet to the mile, as taken from
plate 28, represents a transient condition, for, at the time the depth-to-
water measurements were made (April and May 1951), most of the
irrigation-well pumps had been idle for a period of 2 to 4 weeks.
For 9 months or more of the year, however, nearly all the pumps are
operating, most of them 24 hours a day. The contours thus represent
a temporary recovery of the piezometric level, the gradient represents
about the flattest gradient during the year 1951, and for most of the
year the continuous operation of the irrigation wells must have
steepened it appreciably. Therefore, the estimate of 145,000 acre-
feet a year is believed to be too conservative for the average conditions
of 1951. For purposes of this report it is estimated that in 1951 the
secondary recharge entering the lower water-bearing zone by move-
ment southwest across the axis of the valley was on the order of
150,000 to 200,000 acre-feet a year.

The volume of this secondary recharge in the future will depend not
only upon the pumping draft from the lower water-bearing zone in
the Mendota-Huron area but also on the supply to and draft from the
lower water-bearing zone east of the valley axis. Nevertheless, the
composite effect of supply and draft both east and west of the axis
will be reflected in the hydraulic gradient west from the axis and that
gradient can be used to estimate, at least roughly, the quantity of
secondary recharge to the lower zone.

The recharge to the upper water-bearing zone by westward move-
ment from the axial reach is estimated, by the same means, to be on
the order of 20 to 30 thousand acre-feet a year in 1951,

If we add the 20 to 30 thousand acre-feet of recharge to the upper
water-bearing zone westward from the axis to the estimated secondary
recharge of 150,000 to 200,000 acre-feet to the lower water-bearing
zone, the estimated recharge from both sources would appear to be on
the order of 200,000 acre-feet, plus or minus 50,000 acre-feet.

The induced recharge of roughly 200,000 acre-feet from the north-
east or axial side of the area added to the estimated average primary
recharge of 30,000 to 40,000 acre-feet from the west-side streams
suggests a total recharge in 1951 of 230,000 (plus or minus 50,000)

acre-feet.
OVERDRAFT OR WATER BEING MINED

The pumpage from the Mendota-Huron area in 1950-51 is esti-
mated to have been 1 million acre-feet. (See table 1.) A survey of
acreage under irrigation in various types of crops in 1950 was made
by the Bureau of Reclamation. From this survey the California
Division of Water Resources estimated the amount of water required
for the different types of crops. The estimated consumptive use of
applied water was on the order of 600,000 acre-feet for that year.
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The irrigated area, from the crop survey, including fallow land, was
504,000 acres. The average year-round amount of fallow land was
estimated as 136,000 acres. Because there is little surface drainage
of irrigation water out of the Mendota-Huron area to Fresno Slough
or other drains, these figures suggest a net use of pumped ground water
of 600,000 acre-feet or 60 percent of the pumpage. The residual 40
percent represents pumped ground water that passes downward below
the root zone and moves down to the water table in the upper water-
bearing zone.

If the net ground-water draft was on the order of 600,000 acre-feet
in 1950-51, and the replenishment to the ground-water body, both
primary and secondary, was on the order of 230,000 acre-feet, the net
overdraft was roughly 370,000 acre-feet. Because of the approximate
nature,of the estimates for the several elements, it is suggested that a
rough figure of 350,000 acre-feet, plus or minus 100,000 acre-feet, can
be considered as a first approximation of the water being mined from
the Mendota-Huron area as of 1951.

If surface water should be imported in large quantities and applied
to the land surface of the Mendota-Huron area, either directly for irri-
gation or for replenishment and storage in the ground-water reservoir,
the net effect would first be a buildup of th2 water table in the upper
water-bearing zone and the development or steepening of a general
northeastward water-table gradient to the valley axis. Secondly, if
the net replenishment to the lower water-bearing zone, by downward
movement from the upper water-baaring zone through wells piercing
the blue clay, through the overlying semiconfined deposits in areas
where the blue clay is absent, or by secondary recharge by subsurface
inflow from the northeast, became greater than the pumping draft
from that zone, the piezometric level would recover accordingly.
Eventually, if it were restored to a horizontal surface or a northeasterly
gradient were developed, all secondary recharge from the northeast
would cease, and the only local replenishment would then be the seep-
age from west-side streams as it was in the beginning. Under those
conditions, the requirements for import would be the total consump-
tive use, less the average west-side stream seepage of possibly 30,000 to
40,000 acre-feet. Thus, for the consumptive-use requirements in
1950, importation to satisfy consumptive use of about 570,000 acre-
feet would have been necessary; plus water to compensate for any
ground-water outflow or overland waste to the Fresno Slough and San
Joaquin River drainage system, plus water sufficient to maintain or
develop a proper long-term salt balance.

In 1952-53 the estimated pumping draft had increased to 1,240,000
acre-feet. If the consumptive-use requirements remained constant at
60 percent of water pumped, they would. equal 740,000 acre-feet in
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1952-53 and imports to satisfy consumptive use of at least 700,000
acre-feet would be required, plus additional requirements for outflow
and salt balance.

From the long-range viewpoint, and if the ground-water reservoir
of the Mendota-Huron area were to be utilized for holdover storage,
the natural replenishment from local west-side streams thus would be
the only permanent local source of supply.

CHEMICAL QUALITY

In the Mendota-Huron aresa the character of the waters in the sedi-
ments of the upper and lower water-bearing zones differs greatly in
total concentration of dissolved salts and in the relative abundance of
various constituents. Within the zones lateral changes in chemical
character of the ground waters also occur and minor vertical changes
are noticeable, especially in the upper water-bearing zone.

The chemical composition of typical waters in the Mendota-Huron
area is shown on a bar graph, figure 69. All analyses used on this
figure as well as those on figures 70 to 72 are listed in the table on
pages 453 to 455. Constituents are listed as equivalents per million
and percentage reacting value in the same combinations in which they
appear on the graphs. The heights of the columns are proportional
to the quantities of the constituents as expressed in equivalents per
million. Hardness is measured to the top of the magnesium segment
and can be read in parts per million on the secale at the right margin.
The chemical character of waters yielded by the principal zones and
minor subdivisions is shown on plate 36 by means of geochemical sec-
tions A-B-C, F-G-H, and J-K across the northern, central, and south-
ern parts of the area, respectively, and by section L-M across Pleasant
Valley.

Equivalents per million expresses the concentration of each constitu-
ent in terms of chemical equivalents rather than by weight per million
parts of water (ppm). In solutions found in most natural waters the
negative radicals (anions) and the positive radicals (cations) must be
chemically equivalent, at least within the limits of permissible experi-
mental errors. An analysis expressed in parts per million may be con-
verted to equivalents per million by dividing the concentrations given
in parts per million by the equivalent weights (combining weights) of
the respective ions. The equivalent weight of an ion is obtained by
dividing the molecular weight (atomic weight in the case of ions com-
posed of single elements, such as calcium, magnesium, sodium, po-
tassium, chloride, and fluoride) by the valence. Percentage reacting
value is calculated from the analysis expressed in equivalents per mil-
lion and is a ratio of each anion or cation to the sum of the anjons or
cations, respectively, expressed as a percentage,
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QUALITY OF SURFACE WATERS

Because the upper water-bearing zone receives recharge from the
surface waters entering the San Joaquin Valley, the chemical charac-
teristics of these surface waters directly affect the chemical character
and quality of the ground water in the upper zone. With local
exceptions two general types of surface waters occur. The east-side
water, which runs off the relatively insoluble silicate rocks of the
Sierra Nevada basement complex, is a calcium bicarbonate water
generally containing less than 100 ppm of dissolved solids. The
chloride concentration in this water exceeds the sulfate and the
sodium, and, in terms of equivalents per million, is usually about
35 percent of the cations, or bases.

In this report, terms describing the general.chemical character of a
water are used in particular senses, as in the following examples:
“calcium bicarbonate’” designates a water in which calcium amounts
to 50 percent or more of the cations and bicarbonate to 50 percent
or more of the anions, in chemical equivalents; ‘‘sodium-calcium
bicarbonate’ designates a water in which sodium and calcium are
first and second, respectively, in order of abundance among the
cations but neither amounts to 50 percent of all the cations; and
“sodium-sulfate bicarbonate” designates a water in which sulfate
and bicarbonate are first and second in order of abundance among
the anions, as above.

In the Mendota-Huron area, the east-side surface waters influence
the chemical character of the ground waters in the upper water-bearing
zone only locally along the eastern border, specifically in the immediate
vicinity of the San Joaquin River, Fresno Slough, and the Kings
River.

The west-side surface waters originate in drainage basins underlain
by Tertiary and Cretaceous marine sediments of the Coast Ranges,
which contain abundant readily soluble sulfate and carbonate com-
pounds. In general, the west-side surface waters contain high con-
centrations of sulfate, and sodium usually exceeds 40 percent and in
some streams 50 percent of total cations. Dissolved solids range from
slightly less than 1,000 ppm to as much as 9,000 ppm. The concentra-
tions of the various constituents in the surface waters also vary
considerably from stream to stream, in contrast to the fairly constant
chemical character of the east-side surface waters. Extreme fluctua-
tions in rainfall and local differences in the chemical makeup of the
marine sediments appear to account for the wide variations in chemical
character of waters of several west-side streams.

Figure 70 is a geochemical graph showing the chemical character
of the surface waters that recharge the upper water-bearing zone of the
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Mendota-Huron area. On this graph the percentage reacting values
(percentage equivalents) for the principal constituents of the waters
are plotted. Anions (acid radicals) are plotted in the lower right
triangle and cations (basic radicals) are plotted in the lower left
triangle. The single-point plots in the diamond field indicate the
overall character of the water. They can be plotted directly or by
projection of the points in the cation and anion triangles. The
diagram is one utilized and described by Piper (1945).

WATERS IN UPPER WATER-BEARING ZONE

Ground waters of the upper water-bearing zone throughout the
Mendota-Huron area generally contain high concentrations of calcium
and magnesium sulfate. Pronounced changes in the chemical charac-
ter of these waters occur laterally along the eastern and western
margins of the area, and gradational changes occur vertically with
increasing depth. On the basis of these gradational but significant
changes with increasing depth, the ground waters of the upper zone
may be divided into two types.

As indicated on plate 36, the ground waters occurring in the upper-
most 200 to 300 feet below the land surface are predominantly calcium
and magnesium sulfate waters with total determined constituents
averaging about 3,000 ppm, and a percent sodium of about 35. The
percent sodium (Scofield, 1933) indicates the relation of sodium to
total bases in terms of equivalents—it is the equivalents per million
of sodium divided by the equivalents per million of calcium, mag-
nesium, sodium, and potassium, multiplied by 100. Hardness expressed
as caleium carbonate ranges from 1,200 to 1,600 ppm, approximately
90 percent being noncarbonate hardness. With the exception of local
variations caused by differences in quality of the surface streams that
provide recharge along the western margin of the area, the chemical
character of the ground waters tapped by shallow wells is relatively
constant throughout the area.

An abrupt change occurs along the eastern border ot the area, where
the water from the west side with high concentration of sulfate
merges into the calcium and sodium bicarbonate ground water of low
dissolved solids found at shallow depth on the east side of the San
Joaquin Valley. Along most of the reach the contact is sharp, and
within a matter of a few miles a pronounced change in chemical
character can be observed. Locally, however, the contact is indistinct,
and a gradational change in chemical character occurs over a belt
ranging from 5 to 10 miles in width. This striking change in chemical
character was first demonstrated by Mendenhall (Mendenhall, Dole,
and Stabler, 1916, pl. 2),
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The chemical character of the waters contained in the deposits from
200 to 300 feet below land surface down to the top of the diatomaceous
clay has considerable lateral variance (pl. 36), but these waters can
be distinguished from the overlying shallower waters by a gradual
decrease in dissolved solids along with an increase in percent sodium
with increasing depth. A comparison of these waters with the shallow-
er ground waters shows a decrease in total determined constituents
to about 1,500 ppm, and an increase in percent sodium to about 55 in
the deeper waters. Hardness decreases with depth from 1,200 to
1,600 to 350 to 550 ppm, approximately 90 percent being noncarbonate
hardness.

Locally, where permeable sand immediately overlies the diatoma-
ceous clay, as in the vicinity of Five Points where pumping directly
from the upper zone is greatest (see p.428), ground water of much better
quality is found. (See section F~-G-H, pl. 36.) The total determined
constitutents of this type of water average around 850 ppm, and the
percent sodium about 60. Hardness ranges from 250 to 300 ppm,
approximately 64 percent being noncarbonate hardness.

Locally, along the eastern border of the Mendota-Huron area,
approximately along the axis of the San Joaquin Valley, ground waters
containing extremely high sulfate and chloride concentrations occur
in the basal portion of the upper water-bearing zone, immediately
above the diatomaceous clay. The total determined constituents of
this ground water of poor quality average about 5,000 ppm and the
percent sodium about 55. Hardness ranges from 1,300 to 1,800 ppm,
almost 90 percent being noncarbonate hardness. The ratio of sulfate
to chloride is on the order of 2 to 1, generally about 2,000 ppm of
sulfate to 1,000 ppm of chloride. With the exception of an area of
about 20 square miles immediately west and southwest of Mendota,
throughout which the occurrence of poor-quality water is uniform,
the geographical distribition of this type of water along the eastern
margin of the area is extremely irregular.

Figure 71, a geochemical graph, shows the relation between typical
ground waters from the upper part of the upper water-bearing zone;
waters from the lower part of the upper zone west and southwest of
Mendota; and waters from the lower part of the upper zone east of
Fresno Slougb near Mendota. The highly concentrated waters in
the Mendota area (analyses E, F, @, and H) plot at an intermediate
position but on a line between waters from east of Fresno Slough
(represented by analyses L and K) and typical west-side upper-zone
waters (represented by analyses A, B, C, and D) which suggests that
the concentrated ground waters near Mendota are a mixture of waters
from both east and west.
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WATERS IN LOWER WATER-BEARING ZONE

Ground waters contained in the deposits of the lower water-bearing
zone originally were effectively separated from overlying waters
throughout most of the Mendota-Huron area by the diatomaceous
clay. However, most wells tapping the lower water-bearing zone
admit water from the upper water-bearing zone either through per-
forations or casing leaks above the clay, or down the gravel envelope
through the clay. Because of the large head differential developed by
the heavy pumping from the lower zone, these upper-zone waters
move down to the lower zone when the pumps are idle and are drawn
back into the wells when pumps are operating, resulting in mixing
of the waters with high concentration of solids of the upper zone with
the less-concentrated native waters of the lower water-bearing zone.

Depending upon the volume and concentration of the shallow ground
water in the mixture, the sum of determined constituents in samples
collected in the summer of 1951 from pumped wells tapping the lower
water-bearing zone ranged from 600 to 2,500 ppm. However, analy-
ses of samples taken from wells with tight casings opposite the upper
zone and with perforations restricted to the lower zone and of samples
from older wells in that zone that were not gravel packed indicate that
the native chemical character of the ground water in the lower zone
is fairly constant and that the dissolved solids are of comparatively
low concentration. The sum of the determined constituents in the
native ground water confined in the lower zone averages around 800
ppm and the percent sodium about 75. Hardness ranges from 50 to
150 ppm, the carbonate hardness varying between 60 and 95 percent
of the total. It is primarily a sodium sulfate water, with a noticeable
increase in bicarbonate, as compared to the overlying upper-zone
waters. The chloride concentration of this water is generally 100
ppm or less. Four typical analyses are shown on figure 72 (M, N,
P, BR).

Locally along the western margin of the area the diatomaceous clay
appears to be intermittent or absent. This condition apparently
allows some recharge of the lower zone by surface and shallow ground
waters with high concentration of dissolved solids passing directly
downward through the upper zone, especially in the vicinity of the
alluvial fan of Los Gatos Creek. The chemical character of the
ground water discharged by deep wells in these local areas approaches
that of the waters in the upper water-bearing zone. This is well illus-
trated by the character of waters west of Huron as shown on geo-
chemical section J-K, plate 36. The percent sodium is 50 or less, the
water is high in calcium and magnesium sulfate, and the dissolved
solids range from 1,000 ppm to as much as 3,000 ppm.
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In the southern and southeastern parts of the Mendota-Huron area,
analyses of the ground waters, taken from deep wells of the Boston
Land Co. near Westhaven that are 2,000 to 2,200 feet deep, show
that, at a depth of 1,800 to 2,000 feet below the land surface, the
chemical character of the waters change from sodium sulfate water
above to sodium chloride water below. (See profile J-K, pl. 36.)

Forbes (unpublished report) presents an analysis of water from
well 20/18-2N1 which was reported to be perforated from 2,040 to
2,600 feet depth at that time and should be representative of this
deep sodium chloride water. A comparison of the overlying waters
in the lower water-bearing zone with this water shows a decrease in
the concentration of sulfate from about 400 ppm in the overlying
water to 22 ppm in the deep water, accompanied by an increase in
bicarbonate from about 100 ppm to 336 ppm. The chloride concen-
tration increases from about 100 ppm in the overlying waters to 542
ppm in the deep water. With the exception of the well cited above, the
deeper irrigation wells in the vicinity of Westhaven produce a mixture
of the normal lower-zone water and the deep sodium chloride water
which averages about 900 ppm in dissolved solids and about 90 in
percent sodium. This deeper water, although definitely poorer for
irrigation than the overlying water, is still usable for a blend and is
considered a basal water in the lower water-bearing zone.

In addition to these changes in chemical character, carbon dioxide
and hydrogen sulfide have been reported from these deep wells of the
Boston Land Co. The presence of these gases, accompanying increase
of the bicarbonate concentration proportionate to the decrease of the
sulfate concentration, has been suggested by Eaton (1935, p. 122-125)
to indicate the process of sulfate reduction. Whether or not this is an
extremely dilute marine-type water undergoing sulfate reduction is
unknown. There is a possibility that the water is of east-side origin,
as low sulfate, high sodium bicarbonate, and chloride waters are com-
mon east of the axis of the San Joaquin Valley (Eaton, 1935).

Figure 72, a geochemical graph, shows the relation between the
chemical character of the typical native ground waters of the lower
water-bearing zone; the underlying waters that contain high concen-
trations of sodium chloride and are presumed to be dilute marine
connate waters (p. 421); and the deep waters near Westhaven of mod-
erate sodium chloride concentration. In the anion triangle the three
types of waters plot as distinct groups, but in the cation triangle the
three types fall in the same area because all are waters of high percent
sodium. Because all_three are high in sodium and either chloride or
sulfate, the plottings on the diamond all fall in the high noncarbonate
alkali range.
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UNDERLYING SODIUM CHLORIDE WATERS

In the northern and central parts of the area, at depths below the
land surface of as little as 1,000 and 1,800 feet, respectively, a ground
water high in sodium chloride occurs,in which the chloride concentra-
tion is at least 3,700 ppm. The depth at which this highly concentrated
chloride water is found is considered in this report as the base of the
lower water-bearing zone and of the fresh-water body, and the approx-
imate top of this water along parts of lines A-B-C and F-G-H is shown
on plate 36.

The lateral and vertical extent of this chloride water is only approx-
imately known, as ths distribution of wells that tap it is restricted.
From the data available, it appears that the contact between the over-
lying fresh water and this chloride water dips westward,so that wells
drilled along the western margin of the valley to depths of as much as
3,000 feet do not reach this deep poor-quality water.

Several samples collected from well 14/14-9M1 (section A-B-C, pl.
36) show most clearly the chemical character of the deep chloride water.
This well was drilled and cased to a depth of 1,400 feet and perforations
extend from below the diatomaceous clay to the bottom of the well.
In March 1950 the chloride concentration was 1,081 ppm, and, after
the installation of a liner in the upper part of the well to seal off a leak
opposite the upper water-bearing zone, this concentration increased to
3,700 ppm of chloride by October 1951. The lower 200 feet of the well
then was plugged off, and the chloride concentration was thereby re-
duced to 240 ppm, only slightly higher than the chloride concentration
in the overlying lower water-bearing zone. Unfortunately, only a
chloride analysis was run when the concentration had reached 3,700
ppm, but complete analyses were made in March 1950 and August
1951. The analysis for August 1951 is plotted on figure 72. From
March 1950 to August 1951 the chloride concentration increased from
1,081 ppm to 2,310 ppm, and the calcium concentration increased from
130 to 303 ppm. The sulfate concentration decreased about 100 ppm
in 1951, and the bicarbonate concentration remained fairly constant.
The percent sodium decreased from 80 in March 1950 to 75 in August
1951.

It is not possible to determine accurately the diluting effect of the
fresh water from the lower water-bearing zone, but a conservative esti-
mate of the minimum dissolved solids in the deep chloride water would
be about 6,000 ppm. This is based on the assumption that all the
water was coming from the chloride zone when the chloride concen-
tration was 3,700 ppm. However, this seems highly improbable when
it is considered that 500 feet of perforations were opposite the lower
water-bearing zone and only 200 feet or less were opposite the deep
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chloride waters. Pump tests made in June 1951 and in October 1951,
before and after the lower 200 feet of the well was plugged off, show
1,300 and 980 gpm capacity, respectively, indicating that approxi-
mately one-fourth of the total amount of water being pumped was
from the deep chloride zone. Letting X equal the chloride concen-
tration in the deep zone, 100 ppm the average concentration of chloride
in the lower water-bearing zone, and 2,000 ppm the chloride concen-
tration of the mixture in June 1951, we can solve for X in the following
equation:

1 volume (X ppm Cl)+3 volumes (100 ppm Cl)=4 volumes (2,000
ppm Cl); therefore, X=7,700 ppm Cl

A typical dilute marine water whose chloride concentration is 7,700
ppm would have a concentration of dissolved salts of about 14,000
ppm, or approximately two-fifths the concentration of ocean water.
These derived values are based on inadequate data,but they help to
demonstrate the possible concentration and chemical character of the
deep ground water that is high in chloride.

CHEMICAL QUALITY IN RELATION TO RECHARGE POSSIBILITIES

Artificial recharge of the water-bearing zones would be feasible
throughout most of the Mendota-Huron area but because it would not
be practicable to recharge zones containing waters of very poor quality
there are at least two areas in which the quality of water in the upper
zone is doubtful or so poor as to exclude those areas for use as ground-
water storage reservoirs.

1. Throughout an area of approximately 20 square miles immediately
west and southwest of Mendota the quality of the ground water in the
upper zone is extremely poor. The total of determined constituents in
this water is as high as 5,000 ppm, and the chloride concentration is
on the order of 1,000 ppm. High concentrations of sodium chloride
occur also in the water of the upper zone along the eastern border of the
Mendota-Huron area. The lateral distribution of these waters is
extremely irregular and further work will be required before their
exact distribution can be determined.

2. Along the western margin of the Mendota-Huron area, in the
waters of Little Panoche Creek, concentrations of boron range from 6
to 19 ppm and concetrations of chloride range from 475 to 1,800 ppm.
Boron concentrations in the waters of Panoche Creek about 15 miles to
the south, range from 6 to 9 ppm. Recharge to the upper water-
bearing zone by these surface waters and their minor tributaries has
seriously affected the quality of ground water immediately east of the
creeks. Concentrations of boron ranging from 3 to 6 ppm occur in
the ground waters of the upper zone from T. 13 S., R. 12 E. southward
along the western border of the valley to T. 15 S, R. 12 E. In T.
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13 S, R. 12 E. and T. 14 S., R. 12 E. concentrations of chloride in
waters of the upper zone range from 400 to 1,000 ppm. In general,
the concentration of boron decreases eastward to less than 1 ppm in
the shallow ground water near the axis of the valley. South of
Panoche Creek, the waters of the larger west-side streams entering
the San Joaquin Valley generally contain less than 1 ppm of boron.
Further investigation along the western margin of the Mendota-Huron
area will be necessary before the distribution of waters containing
critical concentrations of boron and chloride can be accurately out-
lined.

Considering the quality of the waters contained in the upper zone
throughout the rest of the Mendota-Huron area, it seems reasonable
to conclude that recharging it with a surface water of low amount of
dissolved solids would produce a ground water of improved quality.
The high concentrations of calcium and magnesium now present in
the ground waters in the upper zone would constitute an inexpensive
supply of exchangeable bases for excess sodium concentrations that
occur locally in the soil and for concentrations of sodium that may
possibly accumulate in the soil owing to the use of the percent
ground water of the lower water-bearing zone having a high percent
sodium. Because sodium disperses the soil aggregates, causing
deflocculation of the soil particles and increasing drainage problems,
the removal of sodium by base-exchange activity would be beneficial to
the soil.

A summary of seepage experiments carried on in Kern County,
Calif., by the Agricultural Extension Service of the University of
California (Axtell, Lindsay, and Doneen, 1947) shows that rates of
infiltration of water having a high percent sodium but a low total
salt content can be improved by dissolving gypsum (hydrous calcium
sulfate) in this type of water, and that an average increase of 90
percent in rates of penetration was obtained by adding gypsum to
soft irrigation water that contained a high percent sodium. Eaton
stated (1935, p. 109-110) that the general tendency toward high
percent sodium in the deep ground waters of the Mendota-Huron
area deserves serious consideration in the culture of semitolerant or
tolerant crops. Eaton also states that where upper—zone waters are
high in calcium and magnesium, and low in sodium, consideration
should be given to the possibility of decreasing the percent sodium
by perforating deep-well casings to admit water from the upper zone.
Eaton further stated that, although the shallow water is high in
dissolved solids and cannot be considered a very good irrigation water,
it would be less detrimental to the soils over a long period of time
than the deeper ground waters in which the dissolved solids are much
lower but the percent sodium much higher.
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GROUND-WATER CONDITIONS IN PLEASANT VALLEY

Pleasant Valley (Coalinga area) is a structural depression west of
the San Joaquin Valley proper from which it is separated by Anticline
Ridge, Guijarral Hills, and Kettleman Hills (pls. 28 and’29). It
consists of an alluvial plain and bordering rolling uplands underlain
by unconsolidated deposits that extend'to depths ranging from less
than 100 feet to several thousand feet. The plain extends 17 miles
northwestward from Canoas Creek to the canyon of Los Gatos Creek,
about 6 miles northwest of Coalinga. Its average width is about 5
miles. The land slopes from an altitude of about 935 feet near the
mouth of the canyon of Los Gatos Creek {to 550 feet in Pasajero Gap.

Five main streams enter the valley from the Coast Ranges. Los
Gatos Creek, the largest, crosses the northern part of the valley and
leaves through Pasajero Gap. It is joined in the valley by Warthan
and Jacalitos Creeks, which enter from the west. Zapato and Canoas
Creeks enter from the southwest and south, cross the southern part of
the valley, and discharge through Polvadero Gap. These streams are
intermittent and there is little surface outflow from Pleasant Valley
except in wet weather.

Water pumped from wells is mainly for irrigation use, though some
of it is for domestic, stock, and industrial supply. The city of Coalinga
is served by a dual distribution system. Local ground water is used
for lawn sprinkling and washing, but water for human consumption is
imported by rail from Armona, 40 miles to the east, and distributed in
a separate pipe system.

In December 1951 there were 82 irrigation wells in Pleasant Valley.
These wells have an average yield of about 900 gpm, although the
range in yields is from 200 to 2,000 gpm. Well depths range from
200 to 1,900 feet, but most are shallower than 500 feet.

As shown by the following table and figure 73, the estimated
pumpage of ground water in Pleasant Valley averaged roughly 20,000
acre-feet a year from 1937 to 1947, but has risen sharply since then,
exceeding 60,000 acre-feet in the agricultural year 1952-53 (April 1
to March 31).

Water-level measurements have been made and past records for
wells in Pleasant Valley have been collected for general information on
ground-water occurrence and to determine whether the ground-water
body underlying that valley is continuous with the main water body
of the Mendota-Huron area. To show conditions in this area, water-
level profiles extending from the city of Coalinga eastward to Guijarral
Hills are plotted on figure 73 (line L-M, pls. 28 and 29). The only
base map available for most of the valley (Coalinga quadrangle,
USGS) has a land-surface contour interval of 50 feet. It was impos-
sible to interpolate well elevations with any degree of accuracy with
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Estimated agricultural ground-water pumpage in Pleasant Valley, 1936—63

For agricultural year beginning April 1 and ending March 31; data chiefly from Pacific Gas and Electric
Co. Pumpage estimated to nearest 500 acre-feet]
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this map; hence, it was not practical to draw contours on the water
surface for Pleasant Valley. Fortunately, levels run by the Standard
Oil Co. of California to many of the wells along the line of profile
L-M were available and it was possible to plot the water-level profile.

Early reports of “rising”” water in Pasajero Gap and the fact that
four wells were reported as flowing in sec. 32, T. 20 S., R. 16 E., in
1905 (Mendenhall, Dole, and Stabler, 1916, p. 243) indicate that the
initial water surface in Pleasant Valley was graded to areas of natural
discharge at the upper end of Pasajero Gap. Further confirmation is
found in the occurrence of alkali soils deseribed as flood-basin and basin-
rim types near the upper ends of both Pasajero and Polvadero Gaps
(Harradine, 1950, p. 14), indicating that evaporation took place at
the land surface from swampy areas of shallow ground water in both
gaps.

The available information on wells and water levels suggests that
the ground water in Pleasant Valley is unconfined and that a water
table exists throughout the valley. Water-level profiles along line
L-M show that in April and May 1951 the water table sloped gently
(about 2 feet per mile) from west to east toward well 20/16-32N2
near the upper (western) end of Pasajero Gap, although the level
appears to have declined at least 87 feet since Mendenhall reported a
flowing well in this same vicinity in 1905 (Mendenhall, Dole, and
Stabler, 1916, p. 243). Water levels plotted from measurements
made in the springs of 1945, 1948, and 1951 show a steady decline
that averaged about 35 feet in 6 years or approximately 6 feet per
year for the period. The water-level gradient toward Pasajero Gap
suggests that despite the general lowering of the water table through-
out Pleasant Valley, natural discharge still occurs as underflow
through Pasajero Gap to the San Joaquin Valley proper.

The ground waters that underlie Pleasant Valley are sodium-
sulfate waters of moderate to high concentration; the sum of deter-
mined constituents ranges from 850 to 3,000 ppm and averages about
1,500 ppm. Sulfate ranges from 400 to 1,600 ppm and averages
about 700 ppm. A geochemical section (line Z-M, pl. 36) shows the
general character of the waters between Coalinga and Guijarral Hills.
The percent sodium ranges from 40 to 65 but is between 40 and 50 in
most of the well waters. Chloride and bicarbonate occur in moderate
concentrations, but are minor constituents in comparison to sulfate.
Complete chemical analyses made in 1951 (p. 576) show that boron
ranges from 1 to 4.5 ppm but is between 1.5 and 2 ppm in most well
waters.

The chemical character of the ground waters of Pleasant Valley is
consistent with respect to the principal anion, sulfate, and the prin-
cipal cation, sodium; however, there are some differences in relative
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concentration of the lesser constituents from north to south, appar-
ently related to differences in source of recharge to the ground-water
body. Magnesium exceeds calcium, and bicarbonate and chloride
are approximately equal in ground waters of the northern part of the
valley, whereas calcium equals magnesium, and bicarbonate exceeds
chloride in waters of the southern part of the valley.
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CHEMICAL ANALYSES AND DESCRIPTIONS OF WELLS

Preliminary studies indicated that marked changes in water
quality occur both laterally and vertically, and that these changes
were related to the geologic features of the water-bearing deposits.

This tabulation presents chemical analyses expressed in parts per
million and equivalents per million. Pertinent data on all wells
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sampled during August 1951 are also included in the tables. Each
page of analyses is followed by a page of well descriptions. Analyses
are arranged in geographical order by townships and in section number
order within each township.

For the 179 partial analyses in which all the principal anions and
cations were not analyzed, the sum of determined constituents is
flagged. These sums were estimated to the nearest 100 ppm from
plots of sum of determined constituents against specific conductance
- from the analyses that included the principal anions and cations.
Three plots were used: one for waters with less than 5 epm chloride;
and two for waters with more than 5 epm chloride (one for the northern
part, and one for the southern part of the Mendota-Huron area). Of
the 615 points plotted, 96 percent showed less than 10 percent devia-
tion from the mean curves.

The sum of determined constituents given in the table of complete
analyses, (table 3, p. 576-585), includes the determination for silica
(Si0;). Silica was not determined in the partial analyses, hence, the
sum of determined constituents for these analyses is not directly
comparable with that given for the complete analyses.
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