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GECLOGY, HYDRCLOGY, AND WATER QUALITY

v THE FRESNO AREA, CALIFORNIA

By R. W. Page and R. A. LeBlenc

ABSTRACT

The Fresno aree comprises sbout 1.400 squere miles lyling west of
the foothills of the Sierre Nevade end east of the trough of'the San
Joaquin Yelley. The reinfell averages less than 10 inches per year
causing agriculturel development to depend mainly on surface-water
deliveries and ground-water pumpsge. Surface-water deliveries and
ground-weter pumpage, however, vary considerably from year to year.

For exammle, in acricultural -ear 1958 (April 1, 1958-March 31, 1959)
surface-wvater deliveries were about 1,340,000 acre-feet end agriculturel
ground-water pumpage was ebout 1,7h0,000 acre-feet, but in agricultural
‘rear 1060 deliveries were only about 560,000 acre-feet and puripage was
about 2,520,000 acre-feet.

Alluvial fans are the dominant ceomorphic features in the areaz.
cradl alluvial fans have been rorred near the foothills by the deposits
from the nurmerous intermittent streame that lie both north and south
ol the wings River. Thicker and rmuch more extensive alluvial fans have
teen “orred under most of the arec by deposits from the an Joaguin

ond tings Rivere.,
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Geologic units in the arees consist of consolidated rocke end
unconsolidaeted deposits. In turn,consolideted rocks consist of basement
complex of nre-Tertiary ege and merine and continental sedimentary
rocks of Cretaceous and Tertisry age. Unconsoclidated deposits are
of both Tertiary and Quaternary age. Most of
the geologlc units dip gently southwestward approximately perallel-
ing the back slope of the Sierra Nevada. Although some of these geologic
units are faulted, especislly in the deep subsurface, faulting has not
affected the occurrence end movement of fresh: ground water.

The besement complex crops out along the eastern border of the
area and yields only small amounts of water to welle; the marine end
continental sedimentary rocks do not crop out in the ares and do not
yield any water to wells.

The unconsolidated deposite are divided into am older series
of Tertiary and Quafernary age, and a younger series of Quaternary age. The
continental deposits of Tertiary and‘Puaternary age crop out beneath
the extreme southeastern part of the area and yield smsll smounts of .
vater to wells, and the deposits of Quaternery age crop out over most '
of the area and yleld more than 90 percent of the water pumped from
wells.

The depcsits of CGuaternary age in turn ere divided into older
alluvium, lacustrine and marsh deposits, younger slluvium, flood-

basin deposits,and sand dunes.
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The older zlluviwn is by far the most important aquifer in the
“recno area. It consists of intercalated lenses of clay, silt, silty
and sandy clay, cleyey and silty sand, sand, gravel, cobbles, and
boulders, and in Zeneral it is fine ZFrained near the trough of the
valley and beneath the alluvisl fans of intermittent streams.

In the older alluvium, yields to wells range from less
than 20 gpm (gallons per minute) to more than 3,000 gpm.

The lacustrine and warsh deposits occur only in the subsurface
in the wvestern part of the arca. Consisting mostly of silt and clay,
they are virtually impermeable und thus restrict the vertical movement
of water. These deposits from oldest to youngest are designated the
¥ elay, the C clay, end the A 2lay. The E clay is the thickest and
rnost extensive of all the lacurtrine and marsh devnocits.

Perause the clays tend o confine ground water in the Fresno
area, five water bodies sre recognized. ‘These are the unconfined water
body, the shellow water body, the confined water body below the
A elay, the confined weter body below thc ¢ clay, and the confined
water body below the E clav., The unconfined water body underlies
most of the Fresno srea. The shallow and confined water bodies underlie
parts of the extreme vwestern n:rt of the area. There, heads in
succecsively underlying water bodies are less than those in overlying
woter bodles indicating that come ground water ~oves slowly downward

throush the claoys.
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Prow sgricultural year 1957 to 1952, outflow in the =rea exceeded
inflow. As s result, for this period, th# Fresno area had a net deficit
o2 about 2,890,000 acre-feet. This deficit was made up for mostly by a
decline in ground weter' stored.

Woter levels in 511 water hodies have been declining over the yeers,
vet when streamflow and canal deliveries are large they show a general
rise,

The generzl movement of ground wster in the Fresno area is toward
the scuthwest, although pumpinz depressions near Fresno end neasr the
western part of the area, cause ground wazter to move northward, southward,
and westward toward themn.

Piecarbonste 1s the principel anlon in surface water in the Fresno
area, but water of intermittent streams generally has a different cation
composition and higher dissolved-solids content than that of the perennial
streams,

Most of the fresh ground wester also is a bicarbonate-type weter,
although chloride-type water end nixed types occur in the area,

In the western part of the area an abrupt increase in percent sodium
occurring in both bicerbonate- and chloride-type water makes the water

of doubtful quelity for irrigation use.



Irevertrelese, except in local areas ond at depth, ground water
in the I'recno area rarely exceeds 000 mp/l (milligrams per liter)
dicsolved-coiids content, AU depths ranging from about 700 to 3,000 feet,
hovwever, the digsolved-solids content approaches and exceeds 2,000 mg/l.
Areas underlein by water at shallow depths, or by fine- ‘
grained material, are unfavorable for ground-water recharge &and
cyclic storage. In the Fresno area, such areas are near the foothills
beneath alluvial fans of intermittent streems, and in the western part
of the area where extensive bodies of silt and clay oceur at shallow
depth. “ost other areas in the Fresno area are favorable for recharge,

but even some of these areas would need extensive preparation before

recharge operations could begin.
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INTRODUCTION

California's Water Problem and Plans

The principal water resources problem in Californias is that of
distributing water from areas of surplus in the north to arees of
deficiency in the south. Plans for distributing surplus water by
meens of cenals from north to south and for reguleting the large
emounts of water involved by conjunctive use of surface and urder-
ground reservoirse,were proposed by the Californie Depertment of Water
Resources (1957, p. 6-T) in the California Weter Plan. Because the
plan involwves underground storage of large but variable quantities
of water through ertificial recharge, detailed knowledge of the
geologic and hydrologic conditions as they relate to utilization of

a8 given eree for ground-water storaege is required.
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Purpose and Scope

The U.S. Geological Survey, in cooperation with the California
Department of Water Resources, 1s engeged in a series of investigations
in the San Joequin Valley to obtain deteiled knowledge of the geologic
and hydrologic conditions of the ground-weter reservoir. The aree
covered by this report and other studies in the 8an Joequln Valley
is indicated in figure 1.

The purpose of the investigation end report is, (1) to supplement
earlier studies by collecting, ifterpreting, and presenting
date on the detailed geology and hydrology of the ground-water reservoir
and its setting; (2) to describe the geologic and hydrologic conditions
relcted to utilization of the area for ground-water storage; end (3)
to relete those conditions in the study area to conditlions in adj&cent

areas and to the valley as & whole.



The scope of the investigation includes, (1) delineation of
geologlc units esnd features, both on the surface and in the subsurface,
in sufficient detail to define the ground-water reservoir and 1ts
subdivisions and to describe them in terms of lithology, texture, areal
extent, weter-bearing character, and reletion to the ﬁalley aree as @&
whole; (2) description of the hydrology of the ares as it relates to
the ground-water body or bodies within the reservoir, to occurrence of
water bodies in relation to geologic subdivisions of the reservoir;
and to movement of water within and between water bodies in response
to recharge and withdrawals; (3) identification and description of
various water-quality types in the area with special reference to
distribution of zones of ground water of poor chemical quality which may
affect recharge and extraction asctivities; and (4) specific appraisal
of geologic and hydrologic conditions es they relate to various
possibilities for recharge of the ground-water reservoir, and to use
of the reservoir for cyclic ground-weter storage.

moe
@l

ic renort warc prepared by the Geological Survey, Water Resources
Pivision, in cooperation with the California Department of Vater
Resources as port of an investiation of the water resources of Fresno,

‘ings, and Tulare Counties. ieldwork for thic study was done in 1962

€24

end 1062, The fincd renort was orepared under the reneral cupervision
of R. {tanley lord, district chief in charge of water-resources
investirations in California, and under the imrediate supervisicn of

C e

willord W, Denn, chief of the acramento subdistrict office.



Field Progrem

To obtaein detailed knowledge of the geologic and hydrologic
conditions of the ground-water reservoir, it is necessary to collect
e large emount of basic date end correlate these data to wells located
by field inspection. Date collection from many sources, including the
California Department of Water Resources, Californie Division of 0il
end Ges, U.S. Bureau of Reclemation, Pacific Ges and Electric Co.,
local irrigation districts, Kings River Weter Association, and the
U.S. Geological Burvey, was begun in June end ended in August 1962.

Because of the limitation on avaeilable time, all of the reported
deta were not field checked. In September 1962, a selective well
canvess was bégun in the field to locate those wells for which the
most useful date were availeble. Useful date included drillers'
logs, electric logs, core logs, water-lewvel records, pump-~efficiency
tests, and chemical anelyses of ground water,

Sites of water wells used in this report have been plotted on &
base map, and the correleted well date have been tabulated (Crawford

and others, 1965).
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vell-Nwnbering Cysten

"he well-numberin: syrtem uced by the Teological Survey in
Californis indicates the location of wells according to the rectangular
system for the subdivision of publie lands. For example, in the number
14 /207=571, which was assigned to a well ebout 1 mile west of Fresno,
the part of the number preceding the slash indicates the township
{v, 14 S.); the number after the slash the range (R. 20 E.); the digits
after the hyphen the section (sec. 5); and the letter after the section
nwaber the 40-acre subdivision of the section as indicated on the

diagram below,

Within cach LO-acre tract the wells are numbered serially as
indicated by the final digit of the well number. Thus, well 1ks/20E-5R1
wos the Pirct well in the MEMNFY sec. 5 to be listed. The entire nrea
ic couth and exst of the *ount Diablo base line and meridian.

Tor wells not field located by the Seological Turvey, the final
digit hac been onitted, and vhere the 40-acre tract was ndot known,

the letter war replaced by the letter Z.



Iocation and Features

The Fresno area of this report comprises about 1,100 square miles
in the east-central part of the San Joaguin Valley, California
(figs. 1, 2). It is bounded on the eest by the foothills and mountains
of the Sierra Neveda, on the west by the axis of the valley, on the
north by the Sen Joagquin River, and on the south partly by en
arbitrary boundery line and partly by the Kings River. The principal
city in the area is Fresno with & populstion of 213,44k, including
suburbs (1960 census). Other communities include Sanger vith a
population of 8,072; Selms, populetion 6,934; Dinuba, population 6,103;
Reedley, populetion 5,850; Clovies, population 5,546; and meny smaller

towns.

~2ces: to the ares is provided v the Southern Peeific Co,, the
fichicon Topeka and Santa re 2uilway, by county roads, State Highways hl,
145, 158, and 180, by U.S5. Highway 99 (fig. 2) and by cormercial and
private airlines. "he accesc thus provided helps to maintain the
rohuct economy of the area.

Agriculture is the mcinstzy of the economy, although manufacturing
and petrolew: production are ~lro i-mortant. “he principal cropc are
penches, berries, citrur fruitcz, nuts, 2lf-1fr, cotton, and grapes
harvested fron approxin~tely 1,050 cquare “.ile; of land.

Tater for : sriculture ir supplied fro . hoth surface-=2nd oround-
w-ter courcec, wherens, water for m-uulacturing and petrclew: production

i cupnlied ip wuch siialler oroun™ - pri—arily from ground-wster sources.



“1limate and Streamflow

The locsl climate 1s characterized by low relative humidity, high
terperature, and the small amount of precipitation that falls during the
ho* summer; and by hisher relative huw-idity, lovwer temperature, and
creater precipitation that falls during the mild winter. In all seasons,
winds flow generally from the northwest or southeast, the northwest winds
prevailing. The average growlng season is about 290 days (U.S. Department
of Commerce, 1953).

Figure 3 shows that mean annual precipitation in the Fresno area
is less than 10 inches. HMore than 90 percent of the precipitation falls
betieen October and April. Precipitetion veries in quantitj directly
:ith altitude so thest the precipitation at Huntington Lake {altitude
7,020 feet), outside of the area, is much zsreater than that at !Mendota Dam
{a1titude 156 feet); elso, precipitetion falls mostly as snow at higher
altitudes (Huntington Iske) whereas at lower altitudes (Fresno) it falls
mostly as rrin. The amount of precinitstion 2lso veries widely from
vear to year (fieg. 3) and shows long-term wet and dry patterns of sbout
% *o 17 yesrs duration (fig. 4). "

Durings wet and dry periods, the amount of precivitstion has had

Tim. ). “ecouse stresmflow is the primary cource for ground-water

rochorge, iSs vori-tion is of gres imporiance,



In the San Joaquin River below Friant (fig. 4), since 1908, there
nave been two periods when streamflow was less than the 1908-50 mean
and two periods when 1t was greater then the mean. In the ¥ings River
at Piedra, since 1996, there have been three periods when the streamflow
was less then the 1896-1962 mean end two periods greater than the mean
(teble 1). In eddition to those long-term periods of low flow and high
flow, runoff in both rivers, prior to regulation of the San Joegquin
River by Friant Dam and the Kings River by Pine Flet Dam, varied
seasonally  throughout the year: In March or April the snowpack in
the Sierra Nevedea begins to melt and contributes runoff to the rivers
so that flows below the present dams increased rapidly reeching &
naximum in Mey. In July, flows decreased rapidly reeching & minimum in
October, then in Ilovember the flow began t® increase graduelly toward
the snowmelt pesks in lMarch or April. But now, because of reguletion
by Frient Dem, Pine Flet Dam, and meany smeller dems, discharge in both
rivers dowvnstream from the dems generelly does not show such & seasonal

pattern.



Table l.--Streamflow patterns

San Joequin River below Friant

Water year
Oct. 1- Sept. 30)

Remarks

Average annual flow
(acre-feet)

1908-1923 1,920,000 > meen
1924-1934 1,110,000 < meen
1935-1946 1,990,000 > mean
1947-1960 780,000 < mean
1908-1960 1,470,000 = mean
Before regulation
1908-1943 by Frieot Dem A 1,730,000 > mean
194k-1960 After regulation 910,000 < mean

by Friant Dem
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Table 1l.--Streamflow patterns--Continued

Kings River at Piedra

Water year

Remarks

Average annual flow

by, Pine Flat Dam

Oct. 1-Sept. 30) (acre-feet)
1896-1905 1,620,000 < mean
1906-1917 2,190,000 > mean
1918-1934 1,240,000 < mean
1935-1945 1,970,000 > mean
194 6~-1962 1,440,000 < mean
1896-1962 1,640,000 = mean

Before regulation
1896~1953 by Pine Flat Dem 1,670,000 > mean
1954-1962 After regulation ,, ) 135,000 < mean

1. Small emount of flow regulated prior to 1954.

2TA
(28 follows)



GEOLOGY

Geomorphology

Most of the Fresno area lies within the geomorphic province that
Jenkins (1943, p. 83) defined as the "Great Valley of California,"
where alluvial plains or fens are the dominsnt features. Only the
extreme eastern edge of the erea lies within the province that he
defined as the "Sierre Nevads," where foothills and mounteins dominate.

In genersl, an ailuvial fan is narrower at 1ts head than its toe
end slopes with decreasing gredient from head to toce. The outline of
such a faen, formed bj the deposits from a given stream, can be
inferred from topographic contours that seem to form concentric arcs
around @ common epex. The boundary between two fens can be inferred

by noting an imaginsry line along which two sets of contours meet.

Ceven alluviel fans, three flood pleins, one interfan area, and
one sand-dune ares have been outline on figure 5. Two of the fanc
"compound fans) were deposited by intermittent streams and are
charrcterized by steeper and more dissected slopes than those of
perennial streams. The other five fanc were deposited by perennial
gtreans, nainly the ¥ings and San Jozquin Rivers, and are charectericed
by challover slopes, sand dune, relict stresm channels, and terrace:,

Two large perennial streams, the Tun Joaguin 2iver and the Hings
Niver, flov through the Presno area {fiz. 5). The -~n Joaquin River
necnders in lons sweeping arcec vhere itr flood pl-in ic as vide 28 one
mile, and in chort, pinched arcs where itc pl-in ic arc narrow »s one-
“ixteenth of a mile., In places, its channel lies nore “han XN feet

below the rurface of the high fan and less than 5 feet helow, the low fan.
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Plowing gencrally southwestward, the Kings River splits into two
channels at a point south of diverdale., One channel flows southwest-
winrd out of the area, and the other westward to Fresno Elough. Down-
Jradient from the foothills, the flood plain ranges in width from about
ong-eighth of a mile to more than 3 miles; below Kingsburg the flood
plain widens and becomes indistinguishable from the low alluvial fan
in that area., The river channel lies more than 50 feet below the surface of
the high fan near section 21, T. 18 S., R. 19 E.

At flood stage, the Kings River has inundated a large area along
cither side of Fresno Slough and Fresro Slough Bypass. Thus a long,
narrow, low=lying olain has been formed along the western edge of the
area. This type of plain has been defined by Davis and othérs (1959,
. 27) as "overflow lands" (fiz. 5).

"“he low fans were dnpocited mainly by the San Joagquin and Kings
Rivers overflowing their banks in the low-lying western edge of the
area, However, one low fan, p?xt of which lies just south of Dinuba,

wvas deposited by Cottonwood Creek. In generel, surfaces of all low
fans lic loss than 10 feet sbove stream channels and would be subject

to flooding if it were not for menmede and natural levees. The low fan

o:' the Ban Josquin River has a braided surface asttesting to the many

0N

< T ‘ 'd >
Lreanc which have flowed across 1t, but the low fan of the Kings River,
treverced by many sloughs and canals, is not distinet from the flood

plain.
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The lrrzest meormorphic features in the Fresno area are two high
fane deporited by the Tan Jonquin and Hings Rivers, "hese fane, lying
from 10 to 90 feet above the channels of present day rivers, are not

~sibicet t lmmdation b the rivers,

Bluffs of the high fan bordering the San Joaquin River are
dissected by small inconsequent dreinages, and over the broad surface
of the fan, ancient streams have left channel remnants. Thise fan is
deeply dissected by Little Dry Creek, which separates the heed from
the main body of the fan. Yet, both parts of the fan show & generally
accordant surface. -

The high fan of the Kings River shows many of the same character-
istics es those of the Sen Joequin River. It is deeply dissected by
the Kings River, and over the broad surface o; the fan, ancient stream
chenneles of low relief radiste from an apex neer Sanger. This high
fan, however, does not have an esccordant surface becauee neer Center-
ville two high terraces, one on each side of the river, are included
vithin it (figs. 5 and 7).

South of Fresno near Fowler, end extending west to Burrel, send
dunes have been deposited and are associated with a group of depressions

that trend southesstward. These sand dunes show a locel relief of gbout

5 to 20 feet.
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Geologic "nite ond their W.ter--earing Properties

N
3

1 h recnect o cei'ining and describting the round-water reservoir
i termg of lithology, texture, thickness, areacl extent, water-bearing
charsceher, and relstionchip to the wvalley area as o whole, the rocks
thut crop out in the Fresno area (fig. 7) and (or) occur in the subsurface
may te divided into two general types, consolidated rocks and unconsolidated
deporits. The consolidated rocks consist of the basement complex of
pre-Tertiary age (fiz. €) and iarine and continental sedimentary rocks
of Cretaceous and Tertisry ege {not mapped). Unconsolidated deposits
wroe deseribed as deposits of Tertiary and Cuaternary sge and deposits

o1 vu ternrry agce.
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Concsolidated Rocks

"he basement coplex of pre- ertiary age is the oldest rock in
the iresno area and underlies all other rocks end deposits (fig. 8).
"long the erctern boundary, the basement complex crops out as inllers
within overlying sedimentary deposits and as foothills of the mountain
front proper (fig. 7). It is made up of metamorphic rocks and of
icneous rocks that intrude the metamorphic rocks on a large scale
(ltacdonald, 1941, p. 217).

Fear the mountain front, where a shelf on the bedrock has been
forrmed, depthe to the basement complex are smzll, but they become
progressively lurger away from the shelf (fis., 9). EBeneath the shelf,
rorth and couth of the :lingc River, the bacement complex ranges from
0 foot to about 200 feet in depth below land curiace and ic penetreoted
by mony water wells; west of the chelf, it ranges in depth from about

=00 feet to more than 13,000 feet and is penetrzted by only a few

deep +ells,

W}
wo



The hard, tight rocks of the basement complex form the eastern,
almost impermeable, boundary of the ground-water basin, but their
deeply vesasthered surfaces and extensive joint systems permit yields
of small quantities of water to wells. Water-bearing properties of

silty sand derived fronm
a surface sample of/weathered granite are indicated in table 2.

In the Orange Cove subarea (fig. 24), the weathered basement
complex is considered to be en important aquifer, although ylelds
to wells penetrating both overlying deposits and weathered basement
complex are smallfritten commun. U.S. Bureau of Reclamastion, 1947).
In order to incresasse yields, some vertical wells have been constructed
with leterals drilled into the hard, jointed basement complei. An

exemple of this type of conmstruction, well 14S/2LE-36L1 (fig. 7),

b

reportealy yields 500 gpm from about 3,680 feet of leterals; such &
well, however, may derive water only from the joint system &nd, there-
fore, may not be able to yield large quantities of water for extended

periods of time.
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4

In addition to the basement complex, consolideted marine and
continental sedinentary rocks of (retaceous and Tertiary age concisting
mainly of sandstone, sand, siltstone, and shale are known to lie
immediately over the basement complex., They occur in the Fresno area
at zgreat depth, probably never lecs than about 1,000 feet below land
surface, and contein water unsuitable for most uses. They are not
penetrated by any water wells and are not of significant importance to

the fresh ground-water reservoir.

36



ineongoliduted Neposlts

Unconsolidated deposits lmmediately overlie the consolidated
rocks. They include deposits of Tertiary and Quaternary age and deposits
of Cuaternary age.

The unconsolidated deposits were derived partly from the Coast
Ranges to the west of the Fresno area, but mostly from the Sierra Nevada.
Those derived from sedimentary and volcanic rocks of the Coast Ranges
are made up of only a few thin beds of fine sand and silt, which are
often gypsiferous, and occur in the deep subsurface beneath the western
part of the area. Also occurring at depth greater than.l,OOO feet, are
a few beds of slltstone, claystone, and shale. Sedimentary deposits at
such depths still are continental (Hunter, 1952, p. 21; 1954, p. 24;
and Sullivan, 1960, table 1). Deposits derived from the hard, crystalline
bedrock of the Sierra Mevada are made up of many intercalated, thick and
thin lenses of clay, silt, sand, and gravel zenerally arkosic or granitie,

which underlie the entire aresa.
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“he unconsolidated deposits lald down by small intermittent strear:
contain angular to subrounded sand and gravel, poorly sorted, intercalated
with lences of silt, clayey sand, fine sand, and some lenses of clay,
coarse sand, and gravel; those laid down by large perennigl streams
contain generally subangular to subrounded sand and gravel, fairly well
sorted, and intercalated with lenses of silt, sand, and gravel with
some lenses of clay. Most of those deposits become finer grained and
better sorted in a downstream direction.

Unconsolidated deposits of Tertiary and Quaternary age and those
of Quaternary age were laid down in eithér an oxidizing or a reducing
environment. According to R. H. leade (1957, p. C5~C7) and Davis and
thers {1959, p. 58-59), oxidized deposits are red, yellow, or brown,
indicoting cubaeriel deposition; and reduced deposits are blue, green,

or gray, indicating subagueous deposition.



Continent:l depocits »1f Terti-ry and Quaternary age

Continents:1 deposits of "ertinry and Nusternary age ere equivalent
to orrt of the "lower unit" of Dmvis and Polond (1957, n. 425). The
depth to end thickness of the continental deposits vary greatly from
east to west: The top of the unit ranges in depth from O to about 1,250
feet below land surface (figs. 8 and 10); the thickness of the unit was
not estimated.

In the subsurface, they were inferred to be either reduced or
oxidirzed deposits solely on the basis of color. The water-bearing
wells in this locale 4o not penetrate them., However, in the Hanford-
Visalia area (fic. 1), the reduced deposits generally yield 500 to
2,500 morm to wells (Croft and Gordon, 1968, p. 61). Yields to wells in
the outcrop area of thie oxidized deposite range from about 70 to 2L0 epm
and yield factors range from about 6 to 22 (figs. 14 and 15) for wells
that range in depth fram abtout 130 to 190 feet, indicating that the

ovidized deposrits are poorly to moderately permeable,.
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“he contact between the continental deposits of Tertiery and
Quaternary age and the overlyinz deposits of Juuternary age is inferred
p:rily by projection of the contmct of Croft snd Jordon (1968, figs. 7 and 8)

from the Hanford-Visalia area and partly on an abrupt change,
indicated on electric logs, from a relatively low resistivity to a high
resistivity. The contact of Croft and Gordon (1968, figs. 7 and 8)
is based partly on fossil evidence, which is lacking in the Fresno area,
end partly on a similar abrupt change in resistivity. Generally, in the
vestern part of the Fresno areas, the‘?ontact between the relatively low
resistivity and the high resistivity is not distinet and is not shown,
bus in the eastern part, the contact is distinct and is coineldent with
the inferred base of the deposits of Quaternary age (fig. 8).

The change in resilstivity is interpreted to be =z change fron
relatively fine- to coarse-grcined materisls, For example, the
drillers log of well 14S/20F-23° (fig. 11) indicates that the coarse-
grained material, mostly fine sand and sand with some coarse gravel,
makes up about 23 nercent only of a 475-foot thickness of material
that displays low reeistivity; wheress, the coarse-grained materisl
~akes up more than 62 percent of an equal overlying thickness that displays

hizh resistivity.
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Deposits of Guaternary age

Deposits of Quaternary age are equivaelent to part of the "lower unit"
and to ail of the "upper unit" of Davis and Poland (1957, p. 421, 429),
also they are equivalent to the older aYluviwa, part of the lacustrine
and mereh depasits, younger alluvium, and flood-besin deposits of Croft

and Gordon (1968, fig. 4, table 1), and together with sand dunes are

mapped as such.



0lder slluvium.--The older alluvium of Pleistocene and probeable

Holocene age, crops out over most of the area from the Sierra Nevada
footh11153 where it is found as terrace deposits near the rivers, to
the Fresno Slough Bypass (fig. 7). The older alluvium is mostly coarser
grained than underlying deposits, and in the subsurface, it is divided
into reduced and oxidized deposits.

From land surface to a maximum depth of about 300 feet the older
alluvium is divided laterally into facies on the basis of the ratio
between coarse gnd fine materials (fig. 13). The texture of the older alluvium
changes over short distances, therefore, water-bearing properties of the
older alluvium slso change over short distances.

The reduced deposits of the older alluvium, which do not crop out
in the eres, range greatly in thickness snd vary moderately in lithology.
From east to west, they range in thickness from O to about 1,200 feet

(figs.8end 10)., However, as indicated in figure 10, in the northwestern
part of the area the thickness of the fresh water-bearing deposits
within the reduced deposits is limited by saline water-bearing deposits.
Examination of two core logs, from wells 135 /15E-35E1 end th/lSE-ESHl
(fig. 7), and several electric logs, suggests that they consist of
moderately thick lenses of greenich-gray and gray clay and silt, thick
lenses of poorly sorted to well sorted sandy silt, silty and clayey sand,
and subangular to subrounded sand, and a few thin lenses of gravel.

“he deposits becone generally finer greined from east to west.

L3



The reduced deposits lie below, or are interbedded with, lacustrine
and marsh deposits, which consist of the E clay, C clay, and A clay
(fizs. 8 and 10). “hey grade laterally from west to east and vertically
into the generally coarser grained oxidized deposits (figs. 8 and 10).

A contour map of part of the contact of the reduced and oxidized deposits
was prepared from drillers‘' logs (fig. 12).

The oxidized deposits of the older alluvium also renge greatly in
thickness. Near the Orange Cove and the Academy areas, where the
oxidized deposits overlie a shelf formed on the basement complex
(figs. 7 and 9), the range is from O to about 200 feet (fig. 8).

Westward they range in thickness from about 200 feet near the shelf to
about 1,100 feet and then thin to about 200 feet near the extreme western
part of the area (fig. 8). In addition, the oxidized deposits include
Fresno, Madera, and San Joaquin solls (Strehorn and others, 1912,

P. 2119-2137) which contain many soil horizons and deposits of hardpan.

South of Friant, beneath Kirkman Hill, and north of Jesse Morrow
Mount:in, the oxidized deposits consiif of terrace deposits of subspherical
to spherical pebbles, cobbles, and boulders--some as large as 2 feet in
diameter--all of which lie within a matrix of weathered fine to coarse
sand and lie unconformably on a mature surface of the basement complex.
"he terrace deposits lie mostly above the water table.

In the cubsurfece, the oxidized deposits in places lie below the

clay and in places are interbedded with the C and F clays (figs. 8 and 10).
They grade laterally from east to west and vertically into the reduced

deposits.

w
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Tr-ternl changes in texture of the topmost 300 feet of material,
chown in figure 13, reflect miinly textursl changec in the older alluvium
except near Riverdale and in the northuvertern part of the area, where
chanzes in the texture of both the younger and older alluvium are
indicated. The char~es were determined by computing the percentage of
coarse- and fine-grained material, as determined from drillers' logs
and then plotting and contouring the computed percentages on a map.
Derivation of the percentages is illustrated by anélyses of two well
logs in table 3.

After computing the coarse~ and fine-grasined percentages for about
1,085 field-locaiea wells (table 4) and about 750 wells whose locations
were not fleld checked, the percentages were divided into six arbitrary

facies (fig. 13).
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Table 3.--Selected well logs showing clessification of coarse- and fine-grained

meterials ,and samples showing computation of the ratio

of the coarse- to the fine-grained materisl

Well 13S/19E- 3H1 : Well 15S/24E-15L1

Thickness Depth
(feet) (feet)

Thickness Depth

(feet) (feet)

T0psoill/ ----------- 1 1 Topsoill/ ........ 2 )
Hardpanl/ ----------- 3 L : Hardpani/ -------- 10 12
01ay--------l-; ----- £ 12 1 Clay-—-—me—cmeoe £23 35
Sand-c--mcmmmmmaeaan c2l 36 : Sand--ccecococenn e7 Lo
Clay and pack sand-- 32[%%% 68 ; Sandy clayee====- 8{%~% 50
Sand and gravel----- c9 77 : Clayemmmmm—m—e- £25 75
Clay and pack sand-- 16{%—% 93 ; Sand---=-ceeeec-- ck 80
Sand and gravel----- cl&?~ 1Lo ; Clay----=-=—=-um== ol 104
Pack sand---------- - cl 141 & Sande--e--mcemmee cS 109
Sand------seememo——- c2l 162 : Sandy clay------- 6!%.% 115
. L
Clay=--=-===-"="m--- £9 171 : Joint clay----==- £13 128
Sanf-ceecemmececemeaax cl 172 ; Sand-em-=cceceuan chH 134
Claywem-ecmmamennnas f2 17k : Deconmposed granitel/ 6 140
Sandee--mecemeoaaann ch 180 : Granite;/ -------- - iko

Percentege of coarse-grained materiale: Percentage of cosrse-grained material=

133 (feet) - 76 percent : 26 (feet = 21 percent
176 gfeet; 70 e . 122 (feet percen
This percentage is included in the f This percentage is included in the

e facies (see p. 4T) ! b facies (see p. 47)

1. ot included in computation.
c. Coarse-grained material.
f. Fine-greined meteriel.
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Comparison of the geomorphic mep (fig. 5) wvith the faciles map

. 13), shows a clore relationship between Jeomorphic units and faciles

(£i;

and chows that in the older alluvium, flne-greined materiels predominate

near the foothills and near the houndary between the high fans of the

rivers. ‘oarse-grained material predominates near the heads of these

fans and relatively fiﬁer grained materiasl predominates near the toes.
Near the head of the high fan of the Sen Joaquin River, logs of

wells 115/21E-31R1 and 125/21F-7J1 (fig. 7) indicate a <hange at depth

from percentages equivalent to the f and e facies to percentages

equivalent to the a and ¢ facies, respectively (table 5). This change

fror coarse to relatively fine-grained material is the same as that

noted farther west (see p. kl). However, wost well logs used for the

facies map (fig. 13) were of wells that penetrated only above the

underlying fine-grained material or penetrated only fine-grained material,

such as those wells near the foothills,



Teble 5.--logs of selected weter wells indicating change at depth from

coarse- to relatively fine- grained material

11S/21E-31R1. Altitude e&bout 365 ft. Drilled by Thurman in 1946.

12-inch casing, open bottom.

Materilal A (feet) (feet)
So1l and 681A Ao o oo 6 6
O N i 10

Sand, brown, medium-greined, subrounded and some

gravel, 1-InCh--=-m-==m-emm oo c38 L8
Sand and claey, brown COMpPECL---=-memmemamoccoa————— ' 12'§g' 60
Sand, gray, medium-grained, subangular, quartz------- cT0 130
Send, mixed with large roCKS-----=comomecmccaacacooao cl5 1ks
Sand, packed--=emcmccmmn e cme e clo 155

Change from coarse- to relatively fine- grained material

occurs here.

Clay, light gray, plastic-=-ecocmcmecmmacammcccaa £20 175

Sand, water-bearing-------eeeceeccmmccceccceme e ) 177

Clay, gray, plastic----c-memcmomo e e £13 190
“

Clay,.bluish-green, soft, plastlic, some granitoid
SANA - = m o e e o £30 220
Clay, greener than above clay, more water----------- 10 230
Coarse-grained material from 10 to 155 feet is about 96 percent
of the sample. This percert is included in the e facies, but is
’equivalent to the f Tacies.

Coarse-crained material from 155 to 230 feet is about 3 percent

of the sample. This percent is equivalent to the 8 facies.

See footr »tes st end of table
51 (51A follows)



Table 5.--Logs of selected water wells indicating change at depth from

coarse- to relatively fine~grained material--continued
<

125/21E-7J1. Altitude ebout 399 ft. Drilled by Waller in 1951.

lk-inch casing perforated 167-240 ft.

Thickness Depth

Materiel (feet) (feet)
Topsoil :%{ ------------------------------------------ A 2 2
Hardpan«él ---------------------------- B L 6
Clay, h8rd-=-e-eeccmmm e e 10 16
Sand, coerse, and gravel, dry=---=-e--e-c-ca-- —————— cl2 . 28
Clay end sh@le«-ew-=erecracacr e m e~ —— 16 4y
SANAd, Arye-e-remecmesm——e——— e ——————————— c18 62
O Ty 118 80
Cobblestones, 6-inch, Aryecmmemeeee e cmee—ce—n———— c26 106
Sand, red, fine, and mud, water------cecemecammacanaaa 57 -%g—g- 163
Cobblestones and sand, good Water---em-emmme-cema-- — 23 186
Cley, gray, hard and cobblestones, 6-inche--weeemee-- 2&%% 210
Sand, fine, watere--ecececmcccccrcccccmc e e c2 212
Clay, joint, with cobblestones, S=inCh--=ee=-mmcamme- 10%% 220

Chenge from coarse- to relatively fine--grained material

occurs here.

See footnotes at end of teble

51A
(51B follows)



Table 5.--logs of selected water wells indicating change at depth from

coarse- to relatively fine -grained material--Continued

125 /21E-TJ1--Continued

Thickness Depth

Material (feet) (feet)
Shale, red, h8r@---—-----eoocamm e f12 23k
Sand, coarse, WAter--~e-ceemmccccmcm e cmeccncnccam e . cb 2ko
Clay and shale, greay, hBrd--—-c--cececamccacomcnmccnnan 2k 264
Shale, black, sandy, hard, water------co-cecmcmmmacoan 24 %'lﬁ? 288
Shele, gray, hard, milky---~-~-~cccccmmcncmm e £32 - 320
Pumice, white, Water--=n-cmommom e e c38 358
Clay, blue, sendy, hard----------c-vommommm e £19 377
Quartz, glass, hard----———-—-—---—~-----—-; ------------ c2 379
Grenite, or solid bottomuz ------------------ - 1 380

- L ST DTl Cle S TR e

Coarse-grained material from 6 to 222 feet is about 59 percent
of the sample. This percent is included in the & facies.
Coarse-grained material from 222 feet to 377 feet is about

37 percent of the sample. This percent is equivalent to the ¢ facies.

1. HNot included in computation
c¢. Coarse-grained material

f. l'ine-grained material

51B .
(52 follows)



T

he vater-benring properties of the older alluvium vary considerably
shroughout the area. Aquifer tests made by the Geologlcal Survey and by
“olte [1957) indlcate trensmissibilities ranging from 52,000,
well 13¢/20F-20L1, to possibly 150,000 gpd {gallons per dey per foot),
vell 1Lko/22F-3CF1, for wells of similar depth and construction (tables Jend 7).
In addition, tests made on seven surface samples of older alluvium indicate
aoefficlents of permeability ranging from adbeut 0,005 to 3,500 gpd/fte
(gallons per day per square foot). About 550 yield factors (see p.é& )
renge from about 2 to 490. Specific yields ronge from sbout 0.2 to 36 percent
end yields to wells range from less than 20 to more than 3,000 gpm.

Fach well chosen for squifer tests by the Geologieal Survey pemetrated
only the older alluvium in a facles different from that of other'chosen
ells, was at least 1,000 feet from any other large capacity well, and
was pumped for periods ranging from 10 to 22 hours. Iecause of
unavoidable interference from other wells being pumped, possible leaky
aquifer conditions, and anomalous water-lerel fluctuations, the results
of the tests (table ) ure rated as poor.

‘he aquifer tests by Nolte (1957) were part of a study for the
sresno HMetropolitan Flood Control Distrist. Accordinz to lolte (1957,
p. 73} erch tect was made for at leart 10D minutes, and the well being

El

tested had been idle for av least 10 hQur: prior to the tect. Results

=)
o

-7 there testn are shovm in table 7.
-ecouse the aquifer tertc were made cn several wellc that were only
pariiclly penetrating or open bottom or both, computed volues of

peraenbilivy were omlivtea from this report.
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Jeven undicturhel camples of oller ~lluviuwn were tected in the
Bydrolozi: Laboratory of the .iwcologizel Curvey 1n Tenver, Results
of the tests “tuble ') o' be used o infer permeabilities in only
¢ Zeneral v aner, but they do indicste that the cosrse facies tend
to be more permeabls than the fine freies {(fig. 13). Samples,

o4 Cal €1 and 6L Cal 8L, indlcate that cementation and sorting, as

well as grain size, play an important role in determining permeability.



“he yield factor is sn approximite measure of the permeability of
the water-bearing materinl tapped by a well (Poland, 1959, p. 32).
In the older alluvium, yield factors range from about 2 to L90 and
average a little less than 70. Figure lﬁ indicates the averagze yield
factor and depth of well for areas of 2 miles squsre (L square miles).
Low yield faectors are indicasted near the Acadermy end Orange Cove areas,
where fine-grained faclies are prevalent. Low-yleld factors also are
indicated near Riverdale and along the extreme western boundary of the
area, where deposits are coarser grained than in the Academy and Orange
Cove areas. However, lower yield factors there may be due in part to
the generally greater depth of wells. For example, the depth of well
156 /18F-24R1 is 185 feet and the depth of well 155/18E~-18A1 is 518 feet
(fig. 7); their specific capacities are 74.5 esnd T71.8, respectively.
“heir yleld factors are 53.9 and 15.9, respectively. In this report,
vield factor is computed as follows:

Tield factor = Specific Capacity x 100
Depth of well minus depth to standing water

well 10S/18E-24R1
78.5 x 100 _ .
T185-68.5) = 23-%

Well 155/18P-18a1
71.8 x 100 _ 15.9
7518-57.2) =~ ~°*
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In the ¥resno area, deep wells almost always had lower ;ield
factors than shallower wells when comparisons were made using wells of
similar construction and penetrating similar material. Throughout the
rest of th; Fresno area, yleld factors range from about 13 to 200 but
do not indicate any definite pattern.

Yields to wells from the older alluvium in the Fresno area range
from about 20 to 3,500 gpm and aversage about 900 gpm. Figure 15
indicates the maximum, average, and minimum discharge in gpm as well
as the average drawdown for areas of 4 square miles. Near the Academy
and Orange Cove‘areas, yields to wells penetrating the b facies range
from less than 20 to more than 1,000 gpm and generally show an increase
toward the west, north, and south, near where wells begin to penetrate
the coarser grained c and d facies. However, yields to wells penetrating
the b facies in and near the metropoliten area of Fresno range from about
800 to 2,000 gpm. Yields to wells penetrating the ¢ through e facies
throughout the area range from less than 150 to more than 2,000 gpm,
but do not show a definite areal pattern. However, near Fresno Slough
Bypass, where facies are not indicated on figure 13, yields to wells
which range from about 500 to 3,000 gpm are consistently higher than in
most other areas, These- higher ylelds probably are due to generally

greater depths of wells in this ares.
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“

~rom figure 15, an spproximate specific capacity for each L4-square
'1ile area can be calculated by dividing the averagze discharge by the
average drawdown. For exarple, the approximate specifilc capacity for
cections 17-20, T. 15 S., R. 20 E. is 595 divided by 9.1 or 76 gpm per
foot. Specific capacities can be used to estimate transmissibilities
of sedimentary deposits as shown by Thomasson and others (1960, p. 220-222)
who estimated transmlissibillities by multiplying the specific capacities
of wells by an average factor of 1,700, However, very few empirical
data were available to test this factor in the Fresno area.

Specific yield increases as facles become coarser, as indicated
in figure 15 and table 9. Values of specific yield for various materials

were calculated by the methods of Davis and others (1959, p. 202-21k4).



Table 9 .--Aversge specific yields for facies a through f

Facles 8 b ¢ d e f
Average
cific {sem 5.3 T.4 10.5 13.3 16.0 18.7
percen
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Lacustrine and morsh deposits.--'he lacustrine and :wvirsh deposits

consist of lenses of Jreenish-gray, gray, blue, and in places yellow
silt, silty clay, and clay, interbedded with the older alluvium and
underlying the flood-basin deposits and younger alluvium. 7“hey are
considered to be of Cuaternary age. In the Hanford-Visalia ares
comparable deposits are interbedded with continental deposits of
Tertiary and Quaternary age as well as with deposits of Quaternary age
(Croft and Gordon, 1968, figs. 7 and 8).

Croft and Gordon (1968, figs. 7 end 8) have demonstrated that
the lacustrine and marsh deposits beneath Tulare Lske, which is about
25 miles south of the Fresno area, are shaped like a deep, éomewhat
cylindrical plug from which several irregularly shaped disecs, or tongues,
radiate at irregular intervalsc. ' he tongues are named infornally, fron
oldest to youngest, the ¥, ¥, D, C, B, and A clays. In the Fresno area
only the E, C, and 2 clays were defined, mostly on the basis of electric
logs. Other clays are present, but they are not well defined.

The clay tongues in the Fresno area are virtually impermeable, and
vield 1little water to wells. Because they are virtually irmpermeabdble,
the clay tonzues restrict vertical movement of ground water between the

more permeable beds which they separate.



The distomaceocus f clay, 2 blue gray to dark greenish gray, sandy
silt and silty clay of probable Pleistocene age, underlies sbout
255 square miles in the western part of the Fresno area and is the largest
aguiclude in the area (fiz. 17). The F clay 1s bifurcated but west of
the Fresno area its upper and lower beds coalesce {figs. 8 and 10). In most
places it probably 1s equivalent to the Corcoran Clay Member of the

Tulare Formation.



Estimates of the are of the Corcoran have ranged fraom late Pliocene
to Pleistocene. Frink and Kues (1954, p. 2367) bellieved the Corcoran
to be of [leistocene age. Later, mainly on the basis of Lohman's dietom
evidence:Davis and others (1959, p. 78) reported it to be of
late Pliocene age. 3ull (l96h;'p‘ 145) stated that punice pebbles
exposed near Friant that are correlated with a volcanlc ash immediately
overlying the Corcoran contain sanidine crystals dated by G. B. Dalrymple,
using botassium—argon nethods, at 600,000 * 20,000 years. In 196k,
Charles Hell of the U.S. Bureau of Reclamation (oral commun., 1965)
discovered vertebrate remains in the Corcoran, which was exposed by the
San Luis Cenal excavation about 15 miles northwest of lMendota. The
remalns, according to Dr. John Mawby, University of California at Berkeley,
(written comraun., 1967), are either of middle Pleistocene (Irvingtonian)
age or of laste Pleistocene (Rancholabrean) age. Although the diatom
evidence of Lohman {Davis and others, 1959, p. T7-T8) suggests a late
Pliocene age, the dating of the sanidine crystalé and the vertebrate
renains proves a Pleistocene age for thé Corcoran.

The C and A clays are less extensive (fig. 17) and of less hydrologic
importance than the ¥ clay. In the western part of the area, however,
they each underlie zbout 120 squore miles at a lesser depth than the

T clay (figs. 8 2nd 10) and ther= are of considerakle hydrologic

importance.
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“ounger alluvium.--T"he younger alluvium ic of Holocene age, at least

a7 che surface, and is a thin sedinentsry deposit of fluvial, arkosic
veds that lies unconformably over the older alluvium and is interbedded
with the flood-bazin deposits. In aiditio;, most everywhere in the area
it includes Hanford, 'lerced, and sone Fresno sandy loam soils which,
evcept for the Fresno sandy loam, contain little or no hardpan
(Strahorn and others, 1912, p. 2135-2145), The younger alluvium ranges
in thickness from O to about 70 feet when it is defined as that material,
evclusive of flood-basin deporits, in part overlying the A clay.
However, its lithology, as indicated on drillers' logs, is very similar
to that of the underlying older alluvium, and therefore, its exact
thickness is not known.

feveral shallow domestic wells in the Riverdale area derive water
from the younger alluvium, but east of !lendots only a few stock and
domestic wells derive water from it. Yields to these wells probably
range from about ;OO to 700 gpm, as in the Hanford-Visalia area
(Croft ard Gordon, 1968, p. 86). Analyses of three undisturbed
surface samples of the younger alluvium, toble 10, indicate that beneath

river channels the younzer slluvium is highly permeable, but that locally

beneath flood plains it may be poorly verneable,
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Flood-basin deposite.-~The flood-basin deposits of Holocene age crop

out as a narrow belt elong the Freeno Slough Bypass (fig. 7). They
consist of intercalated lenses of bluish grey, and in some places
yellowish brown, fine sand, silt, end clay; end although in meny places
lenses of fine send are present, in other places drillers' logs indicate
only silt and clay to depths of more than 50 feet. In the subsurface, the
flood-basin deposits overlie end probably grade into the A cley and are
interbedded with the younger elluvium. They range in thickness from

0 to sbout TO feet, when they are defined as that material, exclusive

of the younger alluvium, overlying the A clmy.

Jery few, if any, wells derlve weter exclusively from tﬁe flood-
basin deposits co that yields to wells fro:. the:: are not knom. Iut,
baged on lithology, yields to wells probably would be low. Furthermore,
analysis of a surface sample {table 11) indicetes that the permeability

of the flood-basin deposits is very low.
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Sand dunes.--The send dunes are surficial deposits that crop out
et the southeastern and central parts of the Fresno area (fig. T).
They renge in thickness from O to about 30 feet and in most places 1lie
ebove the water teble. An anelysis of them (table 12) indicastes that

locelly the send dunes are well sorted and moderately vermeeble; therefore

they probably would not hinder any recharge operationc.
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Geologic Structures

The geologic gtructure of the 'resno area may be divided into that
of the basement corplex and that of overlying sedimentery rocks and
deposits. Although the basement complex has been faulted and jointed,
its dominant structure is the back slope of the southwestward-tilting-
fault block that is the Sierra Nevada (Smith, 1954), and although some
of the overlying sedimentary rocks and deposits have been folded and
foulted and others only folded, their dominant structures are homoclines--
bedded rocks all dipping in the same direction--whose slopes are controlled
mainly by the back slope of the Sierra Nevada.

‘he buried basement complex has been faulted under the valley floor
{Hunter, 1952, pl. 2, p. 22), end is inferred to be faulted near the
wountain front along the eastern boundary of the area (figs. 7, and 8).
However, that faulting does not have any demonstrated effect on movement
of ground water.

“he system of joints found in the basement complex is important in
the occurrence of ground water in the area. Two, nearly vertical joint
sets, ond one, nearly horizontal set, outline a network of large
rectanmilar blocks found in the basement complex that crop out along
the mountain front and oresumably underlie the buried shelf near the
front. _“hose sets orf joints, together with related fractures, pernit

the bacement complex to yleld water.



The regional back slope of the Sierrs Nevada and the buried shelf
lying elong the mountsin front are of even greater importance to the
occurrence and movement of ground water, The buried shelf,
which is dissected deeply in the Orange Cove area.and moderately in
the Academy area, slopes southwestwaerd at about 1° to 2° and ranges
in width from half a mile to about 4 miles (fig. 9). At the western
edge of the shelf, the back slope of the Sierre Nevada slopes south-
westward et about 4° to 6°. Thus, the regional back slope of the
Sierra Nevada, including the shelf, underlies the entire area. However,
by reason of its gentle slope, its proximity to the mountain front,
and especially ite shallow depth, the shelf has a more immediate influence
on the use of ground Vater than does the back slope.

The regionel homocline on the marine and continentasl sedimentary
rocks beneath the eastern part of the area abuts against the back
slope of the basement complex, and beneath the western'part,
it is mildly disrupted by a system of northwestward trending low-relief
anticlinal folds--arched beds that incline awsy from each other--thet
have been faulted. Structure on the marine rocks is not of immediate
importance to the movement of fresh ground weter end is not discussed

in detsil.



HYDROLOGY

For purposez of this study, the ground-vater reservoir is divided
into (1) the unconfined water body, (2) the shallow water body, and
{3) three confined water bodies (figs. 1%, 19, and 20). Because all of
these water bodies are hydrologically interconnected, they are discussed
mutually as to their occurrence and general movement of water within and
between them. In terms of water use, the effective base of the fresh
water body is placed at the top of a zone in which the water has a
dissolved-solids concentration greater than 2,000 milligrems per liter.
That effective base is shown approximately in figure 32 and occurs at
various depths below land surface. |

“he water cupply in the study area includes (1) inflow, the items
of supply from outcide the area, and (2) ground-water punpage, the water
supplied from inside the ares. Outflow is the disposal of water from

.

the study area. In the discussion of inflow, outflow, and puupage,
agricultural year (April 1 to March 31) 1958 is used as an example of
a year when a large surface-water supply was available, and 1960, as a
year when the supply was ruch smaller. The results of quantitative
estimates of the principal items of water supply and disposal in the

study srea are presented in figure 24.
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Occurrence of Ground Water

Unconfined Water Body

The extent of the unconfined water body is identified by the many water
levels in wells thet indicate little or no difference in head with
change in depth (fig. 19). Thet is, the static water level in a well
only 100 feet deep is approximately the same es that in & nearby well
that is 400 feet deep. Thus defined, the large, unconfined water body occurs
pertly within the younger alluvium end the flood-besin deposits, but
mostly within thet part of the older alluvium that is not interbedded

with lscustrine and maersh deposits. Its lower boundary is cdnsidered
“

to be the base of the xiiﬁi&n water (fig. 32).

“ecauce the ~eolozic unite that compore the tnconfined srater body
are both lenticular and gradational in texture, the details of ground-
water occurrence differ from place to place. Cedimentary deposits
underlsin exclusively by the ¥ clay probably contain a semiconfined
water body. In the area underlein by the I clay and areas near Academy,
Clovis, Orange Cove, and Fresno, water levels in nearby wells do not
indicate differences in head that can be related directly to differences
in depth, but aguifer tests made by the Feclogical Survey and by kolte
(1957) cugoest cecmiconfined conditions. Tolte (1957, v. 73) stated
"...aquifer test. confir~ the findingc of the geologic invecti sstion;
th:t ic, that the water-btearing sands sre locally confined by extencive
cray layerc, but regionally the sandc conctitute an interconnected

system,"

<



Shallow Water Body

Tn the extreme northwestern and southwestern parts of the study
aree ground weter occurs at shallow depth in shallow wells (fig. 20).

In deeper wells in the same and in adjacent areas water levels are at
greater depth. For example, in the fall of 1523 the depth to water

in well 18S/19E-4B2, ebout 60 feet in depth, was ebout 13 feet;

whereas, that in nearby well 188/19E-4B1, about 470 feet in depth,

wae about 100 feet. Occurring only in the younger alluvium end probably
the flood-besin deposits in the western pert of the area, the shallow
water body is everywhere supvorted by the A clay and probebly is semi-
verched, but in places the shzllow weter body may actually be &

perched wvater body, that is, it mey be separated from the underlying
body of ground water by unsaturated rock.

This water body is not defined in the extreme central western part
of the area, it is poorly defined in the northwestern part of the ares,
but 1t is well defined in the extreme southwestern part of the area
{fiz. 20). However, to the west and out of the extreme central western
part of the Fresno area, John Glavinovich (written commun., 1964) of the
Cnlifornia Department of Water Recources drilled a number of shallow
test wells thnt indicated water levels ranging in depth from 10 to 20 feet.
.he challow water there is supported by the virtually irpermeable flood-
t~rin deporitc., In the northwestern part of the area, only s fer shallow
vells were located, but all of them indicated water levels ranging in

depth fror about 10 to 30 feet,

20



Confined Water PRodles +

"he confined water bodies are (1) the confined water body below
the & clay, (2) that below the C clay, and {3) that velow the TN clay.
t“hese water bodies are identified by head differences in nearby wells.
“or example, in the fall of 1963, the water level in well 175/19F-15P1
(£fi-. 19), perforated only in the interval between the A and C clay,
was about 14 feet higher than that in well 1TS/19E-15P2 (fig. 19),
perforated only below the C clay. Also, the heads ir the four wells
that are perforated below the E 2lay exclusively, 135/15E~35E3,
14e/157-25H3, 17S/19F-13P1 and 18Kl (fig. 19), are lower than those in
any nearby wells. For example, figure 21 indicates that'thé head 1in
well 137/15F-35E3 has been consistently lower than heads in associated
~ells since at least 1951. Likewice, in the fe2ll of 1961 the head in
well 175/19F-13P1, which is about 1,000 feet deep, was about 49 feet
lower than that in nearby well 17S/19F-13P2, which is about 150 feet
‘een., /lso, in the fall of 1953, the head in well 175/198-18¢1, which
is sbout 520 feet deep, was ebout 5 feet lowver than that in neerby well
178/19r-18K2, which is about 275 feet deep. These examples also indicate
thit the head in an underLyin; water body 1r lower then that in any

overlying water body.



Other indlicators of the confined water bodies are the large seasonal
fluctustions of water levels in wells l%S/l5E-3SE2 and 178/19F-3MQ1
“fig. 21). "hese water-level fluctuations are characteristic of a
confined water body that is being pumped seasonally. Water-level
fluectuations in well l3S/lSE-3SE2 indicate confinement in the water body
below the C clay; however water-level fluctuations in well 17S/19E-34Ql,
although indicating confinement, record fluctuetions of a composite head
from the water bodies above and below the C clay.

The confined water bodies below the A and C clays occur in the
older glluvium in the western part of the area (fig. 19). Like the
shallow water body, they are poorly defined in the northwestern part of
the area but are well defined in the extreme southweste;n part.

The confined water body below the F clay occurs in the western part
of the area. Because so few wells in the Fresno area tap this water body,
water-level contours were not drawn for it. Projection of water-level
contours from the Mendota-Huron ares (Davis and Poland, 1957, pl. 28),
which lies to the west, suggest that the potentlometrlc surface in the

"resno area slopes southwestward.
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Yovement of Cround Water

Unider natural pre-developmaent conditions ground water in the Fresno
nvea moved generally southwestward from the mountains toward the valley
trouzh. Reneath the western part of the area, within a belt ranging in
width from about 12 to 1Y% miles, artesian conditions caused some water
to move slowly upward from the confined water body toward the surface.

“

Water-level contours by Lippincott {1902, pl. 5) indicated that
ground water noved towerd the channels of the San Jeaquin and Kings
Rivers along the mountain front as well as southwestward. Mendenhall
and others (1915, pl. 1) showed that some ground water noved northwestward
out of the aree zlong the mountain front.

Additional ctudies in 1925, 1929, and 1952 showed thet pumping
depressions had developed near Fresno, Ralsin City, and Orange Cove
causing local changes in directions of ground-water movement.

round-water movewent in October 1953 was southwestward toward
the valley trough (fig., 19). Also, ground water in the unconfined water
vody moved towerd oumping depressions near Fresno and near the Raisin City.
Zrouné woter within the shallow water body moved northwestward into the
unconfined water body in the southwestern part of the ares and moved toward
the center of a dep;es:ion in the northwestern p=rt (fig. 20)., In addition,
gome ground water moved downwsrd through the A, ¢, and F clays into the
underlyins water bodies where precsure head had been grestly lowered by

puining.
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Inflow

Fffective Precipitation

“

The major items of inflow, water supplied frem outside the study
area, include precipitstion, ground-water underflow into the area,
artificial recherge, imported water delivered via canals, and seepage
losses from canals, streams, and river channels. Water in transit
through the zrea is iznored. That pert of precipitastion that penetrates
into and possibly below the deep root zone is effeqtive precipitation.
The aquantity of effective precipitation directly rechsrging the shallow
and unconfined water bodies is not knowm. BReczuse soll moisture in the
Fresno arez zenerolly is deficient, infiltration of precipitation to
the shallow and unconfined water bodies probably is not significant.

rollowing the suggestion of Blaney (1928, p. 154), effective
precipitation was computed by deducting 0.5 inch of precipitation from
the totzl precip;tation of each storm at s given weather station.

Then effective precipltation for the area was computed by prorating
the effective precipitation between esch weather station (fig. 3).
“ecause effectlve precipitation probably does contribute to the water

needs of crops, it is pvart of the total water supply of the area.



“he figures for effective precipitation in the following teble
and figure 24 were computed for the agricultural year (April 1 - March 31)
in order to parallel data for ground-water pumpage. Effective precipitation
is shown for agricultural year 1958 when surface-water deliveries were

large and for 1950 when surfece water deliveries were relatively smell.

Agricultural year 1958 1960

Effective precipitation 220,000 150,000
(acre-feet)



Underflow

Yater-level contours indicate little underflow into the area
"fiz., 19) except along the eastern boundary and in the southwest. In the
east the source of the water probably includes some water from fractured
granitic basement rocks, and infiltration from streams and the Frient-
Kern Conal. In the southwest, the shallow water body receives some
water by underflow from south of the Kings River (Croft and Gordon,

1968, fig. 15) (fig. 20). Pecause permeability data are inadequate,
quantities of underflow have not been calculated.

Lateral and vertical movement from the shallow and unconfined water
bodies within the study area probably is the sole source of recharge to
the confined water bodies. But beceuce permeabllity varies so greatly
in the older alluviun (table 8), the quantity was not computed. Large
cross sectional areas, lithologic data indicating moderately high
permeabilities, and known hydraulic gradients in the older alluvium,
howvever, assure that large guantities of water are recharging the confined

water bodies.
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Artificial Recherge

Davis and others (1954, p. 49) said that six wells in the city
of Fresno recharge about 2,000 acre-feet annually to the unconfined
water body. !Most of thoce wells are being used to dispose of water
used for cooling. The water used for cooling came from ground water
so that most of this 2,000 acre-feet properly cannot be considered as
inflow tg the area.

NWolte (1957, p. 6) indicated that about 600 dry wells have been
drilled throughout the city at street intersections in order to alleviate
ponding during heavy rains. The dry wells, however, often become clogged
and as a result their capacity to transmit water becomes severely reduced.
Cuantitative data on water flowing into thece wells are not available,

Data concerning spreading basins is available for only the Fresno
Irrigation District and the Consolidated Irrigation District. The
Metropolitan Flood Control Distrig} operates about 125 acres of ponds
for flood control.

Personnel from the Fresno Irrigation District estimate that a
spreading basin of about 20 scres near Fresno, when in operation,
recharges the ground-water reservoir at a rate of about 1 acre-foot

per acre per day.



‘he Consolidated Irriration Nirtrict operates about 1,100 acres
of spreading basing alony relict strecm channels near Selna., Personnel
frow the di~trict estimate that it takes a flow of about 300 cfs (cubic
feet per recond) to maintain a constant water level in fheSe basins
when they are full. In 1963 about 30,000 acre-feet of water was spread
in the basins. '

Quantitative data are not available to tabulate input to spresding
bacins, but are part of the total quantity of surface water delivered

to the study area.
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A vact network of canals covers most of the Fresno area. IDecause
the canals nre so numerous, 1ost of them are not shown in figure 19.
Losses from canals as estimated by personnel of the Fresno Irrigzation
Diztrict (oral commﬁn., 1963) are about 20 to 25 percent, and losses
from canals as estimated by personnel of the Consolidated Irrigation
District (oral commun. , 1963) are about 35 percent. Davis and others
(1954, p. 100) stated that in their study of the Fresno and Consolidated
Irrigation Districts, it was not possible to differentiate losses from
canals from the total quantity of water delivered via canals. In this
report lorses from only ‘the Friant-Kern Canal have been estimated.
Curface water delivered to the Tresno area in agricultural year 1958
totaled about l,3h0,000 acre-feetj vhereas, in 1960 it totealed only
about 550,000 acre-feet (fig. 2). Most, if not all, of‘the delivered surface
water was used for agriculture.

Records from a ceries of gages slong the Friant-Kern Canal, which
diverts water from the San Joaquin River, were used by the 7.2. Tureau
of Reclamation to corpute the total losses for the entire 152-mile length
of the canal., These losses were sbout 21,000 acre-feet in calendar
yvear 1955 end about 31,000 acre-feet in 1960, losses of 1.7 &nd 5.7 percent,
respectively, according to r. L. ¥, Hencock of the Rureau of Reclamation
(oral corraun., 1355). About 57 miles of the canal, or about 38 percent,
lies within the Fresno area. Prorated on length, in the Fresno arez in
calendar year 195, the unconfined watef body gained about 8,000 acre-feet
and in 1950, about 12,000 acre-feet from the Friant-Kern Canal. Losses in

agricultursl years 1958 and 1960 probably were similar.
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“tream and iver ‘hannels

“he shallow and unconrined water bodier receive small quantitier of
water r'ro: reepage in channels or small intermittent streams snd ruch
lsrger quantities from seepage in the channels of the San Joaguin and
nings Rivers., ‘et seepage losses are shown in figure 2k,

Streamflow in the intermittent stream channels generally is too
small to be considered an important source of inflow to the arean.

Jor example, iir. Herold Hill of the lresno Iirrigation District {oral
corvun., 1904) esti.sted that from 1957 to 1954 a total of only

5,180 acre-feet, all delivered in 195G, was distributed from the runoff
o iry and Dog Creeks which flows into Dry Creek Reservoir (not shown)
~pout 12 miles northeast of ¥resno. Farther south, runorf in Cand Creex
was aoout 9,100 acre-Teet in agricultural yesr 175C but only about

10 scre-ieet in 1900 (U.S. Bureau of Reclamation, written commun., 1965).
‘ir. ¢l. C. Boyer, liatural Resources Coordinator for Fresno County,
computed an average yearly runoft of 32,000 acre~feet for foothill
Streams for the period 1939-61 and estimated a 20-year minimum of
20,000 acre-feet (written commmn., 1963).

Ceepage fror river channels is ruuch larger than the guantity from
inter:iittent sitreams and varies considerably along any given reach of
river channel (fig. 22). rPigure 22 indicates accretions or depletions
between thrce gaging stations along two reachec of the ['.n Joaguin River

and between four gaging stations along three reaches of the Hings River.



Accretion and depletion date were assembled from the bulletins of
the Celifornia Depertment of Weter Resources, Water-Supply Papers of
the Geological Survey, and reports of the Kings River Water Master.
Accretions are gains in the river that are not accountable
to the total streamflow in the river from measured sources, such as
gains from canals or tributary streams; here they asre considered to be
mostly geins from ground water recharging the river--a gaining stream.
Depletions are losses in the river that are not accountable
to the total streamflow in the river from measured losses, such as direct
pumpage from the river or cenal diversions; here they ere considered to
be mostly losses from the river and gains to the shallow or unconfined
water body--a losing stream. Evaporetion losses from open-water
surfaces and transpiration by noncrop vegetetion mey be &bout 5 percent
of the difference between supply and total consumptive use (Davis and
others, 1964, p. 101).

As shown in figure 22, the San Joaguin and Kings Rivers each

becomes more of a losing stream farther downstream.
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Tn addition to the reaches shown in figure 22, large quantities of
vater probably recharge the ground-water reservoir along the 3an Joaquin
River between gaging stations at vhitehouse and near MMendota Dam, which
is about 2% miles downstream fren endota Dam (fig. 19) and at Mendots
Pool. TWecause the station near !endota is out of the zrea and because
of lack of data, gains or losses to local ground-water bodies in this
vicinity are not estimated. Some natural rechargé, not indicated in
figure 22, also occurs downstream from below Lemoore Weir along the

¥ings River and the Fresno Slough Bypass as indicated in the following

table:

(all quantitiec in acre-feet)

Net gain to local ground-water bocies

Gaging stations Agricultural year

e oo oo

1958 : 1960
selow Lemoore Weir
to below Island Weir >4,000 <2,000
Relow Island Weir
to below Crescent Weir 6,000 < 200
Below Crescent Weir 24,000 0
to James Weizl)
1. ~long ¥resno Slough Rypass. A

2

s o

in addition 1o noturczl recharge fro: the chirnnel o the ¥ings River,

P

2

i V=nile rench of the river immedistely southrect of 8. Highwey 99
anr been <lierec rith four check dam: to be used for artificial recharge
(Croft and Gordon, 1968, p. 161). "n o lendar year 19583,
17,000 ~cre-feet of vater diverted into “he chuannel were absorbed in the

o ‘ A1 .
firct > rile:n,
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Outflow
Discharge to Streams

Outflow includes all the items that make a demand on the water
supply of the area such as discharge from ground water to streams,
underf{low out of the ares, and evapotranspirstion demand or consumptive
use,

Accretions are considered &o be losses from ground~-water bodies
and gains to streamflow, although some accretion may be from bank
storage rather than from ground-water bodles.

Gross accretions to the San Joaquin River from local ground-water
bodies in agricultural year 1958 were about 8,000 acre-feet, but in
1950 there were no accretions. Losses from local ground-water bodies
along the lowver reaches of the San Joaquin River between gaging stations
at ¥hitehouse and near llendota Dam were not estimsted.

Grose aceretions to the Kings River from local ground-water bodies,
in agricultural year 1958, were about 80,000 acre-feet, and in 1960,
about 10,000 acre-feet., Of those gross accretions, about 60,000 acre-feet
in 1958 and 7,000, in 1960 were recorded at Reedley Narrows (fig. 22)
indicotin; that most locses from local ground-water bodies occur in the

Centerville ~ottoms subarea (fig.«24).
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Underflow out of the Area

Water-level contours indicate that the shellow water body does not
discharge water from the Fresno area, but that the unconfined and the
confined water bodles do discharge water from the area (figs. 19, 20).
Except for the confined water body below the E clay, underflow is not
calculated for these water bodies because of insufficient data.

Exemination of water-level contours shows that the unconfined water
body discharges weter locally beneath the southeastern boundary of the
area east of the Kings River. On the seme besis, the confined water
bodies below the A and C clays discharge water from the area mainly
toward the southwest.

Becasuse of lack of data, water-level contours &are not indicated
for the potentiometric surface of the confined water body below the
E clay. However, Davis and Poland (1957, pl. 28) illustrated water-
level contours for their lower water-bearing %one which is comparsble
to the confined water body in the Fresno area. Those water-level
contours for April-May of 1951 indicated that the confined water body
below the E clay wae discharging towerd the southwest beneath the entire

western boundary of the area.



In eddition, Davie and Poland (1957, p. 445-4L46, pl. 28) estimeted
the quentity aof weter moving in their lower water-bearing zone, across
a8 percolation face that about parallels the western boundary of the
Fresno area, to be on the order of 150,000 to 200,000 escre-feet per year.
A weter-level contour map for December of 1962, mrepared by R, L. Ireland
of the Geologicel Survey (written commun., 1962), indicated that the
hydreulic gradient was about 17 feet per mile. The length of the
percolation face paralleling the western boundsry of the Fresno aree
is ebout 38 miles or about 54 percene.of the length of the entire
percolation face of Davis and Poland (1957, pl. 28). Prorated, the
quantity of water flowing &cross the percolation face from the confined
water body below the E cley in the Fresno area is estimated to be about

80,000 to 110,000 acre-feet per year.
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Tvapotraneniration Demand

Fvapotranspiration demand, or consumptive use, includes all
evaporation and transpiration losses from vegetation and land surfaces.
Locses such as evaporation from open-water surfaces and transpiration
by noncrop vegetation were not computed, although Davis and others
(1954, p. 101) estimated those losses to be about 5 percent of the
difference between supply and total consumptive use. Evapotransplration from

unirrigated areas is considered to approximate precipitation.

Total irrigated acreage for each local crop was determined from a
1958 land-use survey made by the Czlifornie Department of Water Resources,
and unit consumptive use of each crop was indicated in a tabie (written
corrun., California Dept. Water Resources, 19o4). ‘he product of unit
consunptive use and acreage for each crop was summed to get the estimated
evapotiranspiratlion for each of nine hydrologic subaress, and the totals
for each subarea were summed to get the estimated evapotranspiration for
the entire Fresno area.

Fvapotranspiration demand totaled about 1,620,000 acre-feet in
calendar year 1958 and was assumed to be the same in agricultural year 1958
(fig. 24). Since 1957, at least, irrigated acreage in eastern Fresno
County has been increasing at a rate of about 2.3 percent per year
accordinzy to date cupolied by r. C. 'L, “oyer, “atural Resources
Tordinator of Frecno County {~ritten comrmn., 195%). This increase is
reflected in figure 2L, Vor example, in 1960, evopotranspiration demand
was about 1,700,000 acre-feet--on increase of about 80,000 acre-feet
over that of 1958,
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Purpane

Ground-water pumpage for agricultural use in the I'resno area was
computed from data supplied by the Pacific Gas and Electric Co., and from
data obtained by the Geological Survey in its field canvass. Pumpage
for municipal use in the area was computed by using a per capita factor
of 0.4 acre-foot per year,

Total agriocultural ground-water pumpage in the Fresno erea was
determined by averaging the totsals from two slightly different methods
for computing ground-water pumpage. In agricultural year 1962, total
agricultural ground-water pumpage in the area was about 2,210,000 acre-feet,
as computed by the Geological Survey. The Pacific Gas and Eiectric Co.
cormuted ground-water pumpage for each of four pumping districts, parts
or 3ll of which lie within the Fresno area. By prorating on the basis
of the areal distribution of each of the four pumping districts, the
total ground-water pumpage for agriculture in the Fresno area was about
1,880,000 acre-feet, a difference of about 330,000 acre-feet or about
13 percent. Averaging the two figures, total agricultural ground-water
pumpase in the Fresno area in sgricultural year 1962 was considered to
be about 2,040,000 acre-feet.

Ti.e agricultural ground-water pumpage in each of the nine subareas
was prorated to this average. Fumpage fgr years prior to 1962 was
obtained by prorating 1962 figures in direct proportion to pumpage for

prior years ac calculated by Pacific Gas and Electric Co.
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Ground -water pumpege for the Tresno and Selma municipel areas is
metered. On the basis of the 1950 population snd the guantity of ground water
pumnped, the per capita factor, including all uses of ground water for
each of these two communities, wae about 0.4 acre-foot per year.
Because the populetion of Selma approximetes that of the other smsall

municipal
communities in the area, this figure was used to approximetq/ground—
water pumpege in these communities. Thus, for the town of Sanger,
which hed & population of 8,533 in 1960, ground-water pumpege was
computed to be ebout 3,400 ecre-feet. In agriculturel year 1960 total
municipal pumpege in the Fresno area was about 95,000 acre-feet.

As shown on table 15, rmunicipal o ne:ce has remalned relatively
conatant as compered to agricultursl pumpage. In figure 2&, only
agricultural puwapage 1s shown in order to emphacize the close relation
to items of supply.and because consunptive use in urban areas was not

stimated.



Table 16.--Ground-water pumpsge in the Fresno area
for sgricultural years 1958 and 1960

(All quentities in acre-feet)

Subarea 1958 1960

Friant

Agricultural 12,000 18,000

Municipal (a) (a)
Academy

Agricultural 52,000 74,000

Munieipel (a) (a)
Orange Cove

Agricultural 114,000 164,000

Municipal 2,000 2,000
Centerville

Agricultural 28,000 41,000

Municipeal (a) (a)
Riverdale

Agricultural 87,000 126,000

Municipel 1,000 1,000
Raisin City

Agricultural 517,000 746,000

Municipal (a) (a)
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Table 16.--Cround-water pumpege in the Fresno area for
agricultural years 1958 and 1960--Continued

(All quentities in acre-feet)

Subarea 1958 * 1960
Reedley
Agricultural 210,000 302,000
Municipel 5,000 . 5,000
Selms
Agricultural 381,000 549,000
Municipel 10,000 10,000
Clovis
Agricultural 343,000 k95,000
Municipal b72,000 b76,000
Agricultural totel 1,744,000 2,515,000
Municipal total . €90,000 - ¢%4,000
Rounded total 1,830,000 2,610,000

a. ILess than 500 acre-feet,
b. Includes suburban area sround Fresno.

¢. Does not include subareas with municpal pumpage less
than 500 acre-teet.
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Summary of Inflow and Outflow

If all items of inflow and outflow were accurately known, then the
difference between inflow and outflow would be the change in storage.
As previously noted, only the principal items have been estimated andg,
consequently, the difference between inflow and outflow shown in figure ok
ineludes the change in storage and the cumulative effect of all
unevaluated items,

Assuming thdt the difference is change in storage, then for the
period of record shown in figure 24, the Fresno area had e net loss from
storage of 2,890,000 acre-feet of water. Using water-level contour maps
of the California Department Water Resources (written commun., 1957,
1953), the average water-level decline in the area was calculated to be
about 16 feet. The total acreage in the area is about 896,000 acres.
Accordingly, the volume of dewatered material is about 14,300,000 acre-feet.
Dividing this volume into the loss from storage, the coefficient of
storege is about 20 percent. Under water-table conditi9ns, the coefficient
of storage is equal to specific yield; compared to the values for
specific yield given in table 9, 20 percent is too high,

Unevaluated items and any errors making the inflow figures low, the
outflow high, or the water-level change low, would make the results of
the speecific yield calculation high. Therefore, although the difference
between inflow and outflow probably represents change in ground-water storage
as the principal element, other elements such as net ground-water underflow,
changes in soll moisture content, changes in surface-water storage, and

tuilrete losses from irrigation syctems also are included.
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Water-level Fluctuations

Water-level fluctustions in the Fresno area are caused primerily
by changes in demand on the ground-water reservoir and by changes in
supply or recharge to the reservoir. Other causes of fluctuations such

ard others,
as loading and changes in barometric pressure (Ferris/ 1962, p. 80-88)
which may be importent in individusl wells, are not significant in an
area-wide study.

Thus when surface-water supplies are in excess of evapotranspira-
tion demand, most of the excess surfece water is added to the ground-
water reservoir and generally weter levele rise (fig. 2&); but if
surface~-water supplies are less than evapotranspiration demend, the
aedditional water necessary to meet the demand is subtracted from the
reservoir by ground-water pumpsge and generelly water levels decline
(fig. 24).

In actuel practice both surface water and ground water are used
to irrigete crops so that after satisfying evapotranspiration demend,
water infiltrating to the ground-weter reservoir from irrigeted fields--
irrigaetion return--consists of both surface and ground water. Neverthe-
less, if effective precipitation and surface-water supplies have not

exceedéd evapotranspiration demand, water levels will decline.
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Seasonal and Long-Term Fluctuetions

Unconfined water body

A generel trend of high-water level in the winter and early spring.
end low-water level in the late summer and early autumn occurs throughout
most of the unconfined water body as indicated by the hydrographs of wells
135/22E-1341, 148/20E-11F1, and 15S/25E-31A1 a8 well as that of
145/18E-871 (rigs. 19,521:}, and 24). However, hydrographs of wells
155/21E-35R1 and 155/23E-35D1 indicate that in pearts of the Selma and
Reedley subaress surface-water deliveries probaebly ere in excees of

demand until about August when water levels beglin to decline (figs. 19,
21, and 23).
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Measured water-levels in the unconfined water body exhibit seasonal
fluctuations ranging from 3 to 17 feet and in the Orange Cove subarea
seasonal fluctustions have been as much as U4 feet (fig. 2}).

Seasonal fluctuations of water level in well 145/20E-11F1l, located
within the perennial pumping depression around Fresno, generally have
increassed from about 6 feet prior to 1949 to ebout 10 feet and more
after 1949 (fig. 23). This increase in seasonal fluctuation probably is
due to lack of surface water, greater demend for water in the city, and
numerous cley lenses exerting pertiel confinement of ground water. On
the other hand, seasonal fluctuetion in well 155/25E-18R2 located in

the Orange Cove subares, hes decreased from 35 to 4l feet prior to 1949
to 3 to 6 feet after 1949 (fig. 21). This decrease in seasonal fluctua-
tion is due primarily to a large local increase in surface-water
deliveries during end after 1949. The large, seasonal fluctuation

prior to 1949 probably was due to ground-water pumpege as & primary
source of water, semiconfined conditions caused by the numerous local
clay lenses, and according to Davis and others (1959, p. 113) by a well

being pumped only 100 feet away.
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Long-term fluctustions of water level in the unconfined water body
generelly have reflected the quantity of streamflow in the Kinge Riwver;
that is, water levels in wells rise during periods of above everage
streamflow and decline during periods of below average streamflow
(Davis end others, 1959, pls. 18 and 19) (fig. 23). However, Davis
and others (1959, p. 107, pl. 18) indicate that vater levele in wells
near the city of Fresno have declined steadily since about 1943, although

irrigation had been ebove normal during much of the time. Davis and

others (1959, p. 105) ettributed the declinesvin the municipal area
of Fresno to (a) increased locsl irrigation demand, (b) increased
recharge to the confined aquifer benesth the E clay, (c) increased
underflow to the area north of the San Joaquin River, and (d) increased
ground-weter draft in the city of Fresno to meet increased industrisl
and domestic demends. Hydrographs of wells 15S/17E-15R1 and 16S/19E-26A1
in the Raisin City subarea indicate a similer decline from about 1946 to
1963 (figs. 21, 24). The steady decline of water level in the Raisin
City subarea probably is due to a large discharge of ground water and
an inadequate supply of surface water (fig. 24).

This trend of declining water level is reversible, as indiceted by
the water level in well 14S/20E-11F1, from 1955 to 1958 (figs. 23, 24),
and by the water level in well lSS/ESE—lBRQ %ocated in the Orange Cove
subarea (figs. 19, 21). Prior tc July 1949 ground weter wes the prin-
cipal source for irrigation water in this subarea, but after July 1949
the Bureau of Reclametion begen to deliver surface water, which

immediately ceused water levels to rise.
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Shallow water body

Seesonel fluctuations of water level within the shellow water body
in the northwestern part of the area do not indicate a cyclic fluctua-
tion a8 do those within the unconfined water body. This lack of cyclic
fluctuation indicates that ground-water pumpage within this water body
is not very large. However, as illustreted by the hydrograph of well
145/15E-25H]1 (fig. 21), generally water levels decline slightly during
the winter and rise slightly during the spring, summer, and autumn; this
slight rise in water levels probebly is due to irrigetion return.

Iong-term fluctuations of water level in the shellow water body in
the northwestern pert of the erea indicate thet the water level generally
has remained constent (fig. 21), although the water level declined &bout
9 feet in well 14S/15E-25H1 in March 195%. Iong-term fluctuations of
water level in the shallow water body in the southwestern part of the
ares ere not known because of leck of data. Because of the delivery of
surface water to this part of the area, however, the trend of long-term
fluctuations probebly reflect the trend of the mccumulated departure

curve of the Kings River (fig. 23).



(onfined water bodies

Seasonal fluctuations of water level within the confined water
bodies below the A clay and below the C clay nearly parallel the seasonal
fluctuations within the unconfined water body. Hydrographs of wells
135/15E-35EL and 17S/19E-3401l, whose water levels reflect a composite
head of the confined water body above and that below the C clay, indicate
that the water level generally is highest during the winter and lowest
during the summer (fig. 21). In addition, hydrographs of both wells
indicate a secondary fluctuation in water levels: Beginning in about .
March, the water level declines until ab;ut May when it begins to rise
followed by a further decline in July. This secondary fluctuation
probably is due to wells being pumped for irrigation prior to planting
then being pumped again in order to irrigate crops.

Water levels in the confined water bodies have ranged in seasonal
fluctuations from about 10 feet during 1958, when surfece-water deliveries’
were large, to about 65 feet during 1959, when surface-water deliveries
were small (figs. 21, 24)., Generally, the water level in well 138/15E-35F2
ranges in seasonal fluctustions from about 30 to 50 feet, and the
water level in well 175/19F-34Q1 ranges from about 50 to 70 feet. The
large fluctuations in both wells are due to the conf'inement of the water
bodiesy the larzer fluctuations in well l?S/l9E~3th probably are due to

greater local ground-water punpage.
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Long-term records of the composite head of the confined water bodies
below the A clay and below the C clay have indicated a general decline:
Since recordc vere started in 1950 and 1951, water-level neasurements
in well 138/15?-35El indicate a generzl decline of uzbout 2 feet per year;
thoce in well 175/192—3&Ql indicate a decline of zbout 3 fcet per ycar
(“ig. 21). During the wet yeer of 1958, however, the water level in
well l7S/l9E—3th rose to higher levels than in previous years. This
rice in water level indicates that large deliveries of surface water
coupled with reduced ground-water pumpage will cause water levels to

rice in these water bodies.
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Ceasonal fluctuctions of water level .ithin the confined water body
below the T 21wy in the northwestern nart of the area indicate that the
water level rener-1lly iz hishest durin the winter and early spring and
lowest during late sumer and early autumn. Sessonnl fluctuations in the
southwestern p~rt of the ares probably psrallel those in the northwestern
part, although locazl, long-term, water-level records are not available.
Tecause very few wells in the Fresno area derive water from this confined
water body, most of the fluctuations in water level probably are caused
by wells being pumped within the confined water body outside of the area.

Water levels measured in the confined water body bhelow the E clay
zenerally range in seasonal fluctuation from about § to 15 feet as
indicated by hydrographs of wells 13%/15F-35E3 and th/lSE-25H3
{fizs. 19, 21). This relatively small range ;n fluctuations is another
indicator that local ground-water pwipage from this confined water is
small.

Long-term records of water levels in the confined water body below
the F clay have indiceted a general decline: Since records were started
in 1951, the water level in well 135/15F-35F3 has declined at a rate of
about 5 feet per year; that in well 148/15D-25H3 has declined at about
3 feet per vear. The water level in well 14S/25F-25H3, however, recovered
about 3 feet during 1958 when surface-wster deliveries to the Fresno area

vere larze Pigs. 21, 2W),

25
(126 follows)



Chort-Taerm luctuations Related to Supply and

Demand Within Cubareas -

The Tresno area was divided into nine subareas in order to relate
surface~water deliverier, effectlve precipitation, ceepage,
evapotranrpiratisn, and ground-water pumpage to short-term fluctuations
of water levels in wells in specific arveas (fig. 24). Bounderies of
~ach subarea were made to nearly coincide with those of irrigation
districts for convenlence in totaling the large quentities of surface

water involved and in relating those gquantities to irrigated areas and

tiric to evapotranspiration demand. Figure 24 also indicates irrigated areas

and areus of evepotr.nspiration demand. In inereasing order, according
to the quantity of surface water and effective precipitation that they
receive, are the folloving subnreas: TFriant, Academy, Orange Cove,
Centerville bottoms, Riverdale, Raisin City, Reedley, Selma, and Clovis.
In some subareas, such as Reedley, water levels are shown to rise
in agricultursl year 1952 despite the fact that outflew is shown to be
larger thun inflow. One explanation for this anomaly is that the

calculeted value for evapotranspiration--outflow--may be too

U]

Y anrar
n Lariser

high for these subareas and, consequently, inflow mgy have be

than outflow.



WATER QUALITY

This part of the renort includes identificatioen and description of
water-quality zones with specisl reference to distribution. Both surface
and ground water are discussed emphasizing zones where poor quality of
water may affect use and recharge activities. Chemical analyses of both
surface and ground water are shewn in table 17.

In this report, terms describing the general character of a water
follow the usage of Piper, Garrett, and others (1953, p. 26, footnote)
and are used in particular senses, as in the following examples:

(1) "Calcium bicarbonate" designates a water in which caleium amounts
to 50 percent or more of the cations and bicarbonate to 50 percent or
more of the anions, in chemical equivalents; (2) "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 te 50 percent of all cations; and (3) "sodium sulfate
bicarbonate" designates a water in which sulfate and bicarbonate are
first and second, in order of abundance among the anions, as above.

The above classificstion of water can be shown by use of a
trilinear zraph similar to one described by Piper {1944, p. 91L-923)
{fig. 25). The graph may be used to classify water, as to chemical
types, to illustrate changes in chemical types of water from the same

source, or to compare chemical types of water from different sources.
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Surface Water

“
All surface water in the Fresno area is & bicarbonate type water.
However, water in intermittent streams generslly has

higher dissolved-solids content than thet in perennial streems.
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Intermittent Streans

“ater in Intermittent streams has hisher dissolved-solids content
and different cetion constituents than those in perennial streams
probably because of lesser precipitation and proportionately more soluble
rocks in the drainage basins of the intermittent streams. Intermittent
streams in the Fresno area are divided into those north of the Kings
River and those south of the river on the basis of chemical type.

Intermittent streams north of the Kings River are underlain by
grenitic and metamorphic rock, including serpentine. Water in those
streans, probably as a result of deriving large quantities of magnesium
from serpentine, is mostly a magnesiun, magnesium calecium, or calcium
ma:mesius bicerbonate water (fig. 27). Hovever, water in Little Dry
Creek, which drains mostly granitic rocks, is & calcium sodiun
~Icarhonate water. Chloride content ranges from ebout 1 to 22 mg/1
(+*11igrams per liter)—/ in these streams, and dissolved-solids content
rances from about 45 to LOO mg/l or about 2 to O times the dissolved-

solids cortert 'in the perennial streams.

_/ Tor water analyses used in this report milligrams per liter (mg/1)

are considered equivalent to parts per million (ppm!.
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Intermittent streams south of the Kings River aslso are underlain
by granitic ond metamorphic rocks. Water in these streams, probably
as a result of deriving dissolved solids mostly from
granitic rather then metamorphic rocks, 1s predominately a calcium
sodium bicarbonate type (fig. 27). However, from 1949 to 1963,

35 percent of the analyses of water from Sand Creek indicated a
calcium magnesium or & magnesium celcium bicarbonate type. These

types of water probebly ere a result of variations in flow from areas
underlein in part by serpentine, Chloride content for these streems
ranges from about 11 to 90 ng/l,and disseolved solids, frem about 220 to

570 m/lvhich is ebout 6 to 10 times that in the perennial streems.
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Perenniael Streams

Water in the San Joaquin end the Kings Rivers dreinage areas,
underlein mostly by granitic rocks, generally is either a calcium
sodium, sodium calcium,or & calcium bicarbonate type (fig. 27).
However, water released from behind Friant Dam into the San Joaquin
River probably is not as well mixed as that*releassed from behind
Pine Flat Dam into the Kings River es is indicated by the fact that
three chemilcal types occu%}ﬁ%out equal frequency below Friant Dam, whereas,
one chemical type occurs in about 95 percent of the analyses of water
below Pine Flat Dam. In addition, water in both perennial streams
generally increasses in dissolved-solids content in & downstream
direction and when the streams are gaining as shown by accretions

(fig. 25).
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“an Jo-quin Piver

T:ter from the San Joaguin River variles considerably in chemical
type at ecch sampling station. “oter sempled below Friant, on the
basis of wonthly sawplecr taken from 1951 through 1963, varied sbout
equally amony a ecalceiwn sodiwn, sodiwn caleium, and calcium bilcarbonate
types {fig. 7). Rarely was the water a sodium bicarbonate type.
Dowvnstream near ~iola, water samples collected monthly in 1957, 1958,
1950, and 1961 were mostly uz sedium calcium, or magnesium bicarbonate
type (fis. 27'. Farther downstream at Whitehouse, analyses of water
nade during 1957-1952 were inadequate to draw any conclusions concerning
cnenrical character other than to indicate that dissolved soiids

concentration at “hitehouce probably is largzer than that near Eiola.
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Increase in dissolved solids and range of ion concentration between
water quality sampling stetions on the San Joaquin River are shown on

the following tables:

. Total
Sempling station Date dissolved solids (mg/1)
Relow Friant May 4, 1960 43
Near Biola ‘ Mey 1-11, 1960 60
At Whitehouse May 24, 1960 76

Dissolved solids

Ton (ziyge in mg/1)

Felcw Frian Near Biolai/

Calcium 2.8 - 5.6 2.k - 20
Megnesium .0 - 1.9 .0 - 5.6
Sodium 2 —-6 3 =12
Potassium .5 - 1.2 T - 3.6
Carbonate 0 - .0 .0 - .0
Bicarbonste 10 - 29 1 - 66
Sulfate .0 - 4.8 0 - 7.7
Chloride 1.7 - 6.5 1.5 - 15
Fluoride .0 - .3 0 - .2
Liitrate 2- 1 0- L
Boron .0 - .2 .0 - .3

1. Period of record, 1957, 1958, 1960, 1961
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Kinpgs Kiver

Lfter 1955, water below Pine I"lat Dam stebilized to nearly one
type (fig. 27). ¥This stebility in type is due to the fact that water
of different types stored behgnd Pine Flat Dam beginning in 1954
probably nixed into one predaminant type. As a result of mixing,
during the period 1955 to 1962, weter below Pine Flat Dem was &
calcium bicarbonate type about 95 percent of the time. .

This increase in calcium bicarbonate type water also was noted
dowvnstream. During the period 1955 to 1962, water below Peoples Weir
was & calclium bicarbonate type about 7O percent of the time and either
a calcium megnesium or a calcium sodium bicarbonate type the rest of
the time.

As noted on the following tables, water in the Kings River also

increases in total dissolved solids downstream.
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Total d4issclved solids

Sampling station Date (mg/l)
Below Pine Flat Dem May 6, 1962 29
Below Peoples Weir Mey 6, 1962 51
Dissolved solids
Ton (range in mg/1)
Below Pine Flat Dem 1/ i Below Peoples Weir 1/

Calcium 2.6 - 6.6 3.0 - 22
Magnesium .0 - 1.6 .0 - 8.7
Sodium 1 - b 1 -17
Potaseium A4 o- 2,1 .5 - 3.8
Carbonate .0- .0 .0 - .0
Bicarbonate 1 -~ 32 11 - 12k
Sulfate .0 - 5.8 .0- T.0
Chloride .0 - .2 .0 - .3
Hitrate O- 1 O -1
Boron .0 - .2 .0 - .12

1. Period of record, 1955 to 1962.
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Ground Water

In the ‘resno area, ground water adjecent to both perennial and
intermittent streams generally is identical or cimilar in chemical type
to that predominating in the streams. Adjacent to intermittent streams,
dissolved-solids content in ground water generally is lower than that in
surface water, but near perennial streams it is usually higher than that
in surface water (fig. 27).

45 ground water in the ares moves down gradient from areas of
rech:rge, it exchanges some of its calcium and magnesium with sodiwm on
exchange positions of clay minerals and thus increases slightly in percent
rodivi., Near the centrul western and southwestern parts of ‘the area,
vhere nodiws bicarvonste Water occurs, there is an abrupt increase in

“ercen® sofhw [7f 27 Tn the nortlvestern rart o the nren
near e valley trougl, ¢rounc water is a sodiur chloride type, and
there too, an zbrupt increase in percent sodium occurs as is shown on
meocherical sections b-b' and c-c' (figs. 28 and 29). Also in that
area, miving of bicarbonate and chloride water produces a chloricde
ticartonzte type or a bicarbonate chloride type water shown as a
treneition tyre water on figure 27. Chloride water with high cissolved-
€0lice content, probably due to degradation, also can be found locally

cvove the | clay (fig. 30).



In nll, thers sre 1l& chemicel types of ground water (including
transitionsl wnter) in the Fresno srer, as determined by contouring the
percentage rescting velue of each pertinent cation and anion. Transitional
water (fig. 27) lies beneath less than 1 percent of the area, chloride
woter lies beneath a little less than 4 percent, and bicarbonate water
lies beneath about 95 percent of the ares above and east of the E clay,
excluding the shallow water body.

Chemical analyses of water for the period 1958 to 1965 et 221 well
sites were used as control points for figure 27.

Tecause of the general lack of data on quality of water in the
other geologic units, chemical types were determined meinly for the
older zlluvium. Lateral and vertical distribution of chemical types
and dissolved-solids contents are shown on figure 27 and on geochemical
cections [figs. 22 and 29).

Interpretation of elactric logs suggests that the dlssolved-solids
content zenerally increases with depth (fig. 31) {Davis and others,
1959, p. 184) to where the water probably is a sodium chloride tyve.
Also on the bauls of electrie logs, the approximate base of fresh

vater was determined »nd is indicated on figure 32 (see P.157 ).

In additvion to knowing the lateral and vertical extent of various
chemle: 1 types, it is desirable to know the lateral and vertieal extent
2f certein minersl conctituents mnd concentrations that may affect the
uge of ground vater, Flwooride, boron, nitrate, =nd chloride, as well as

hardnessc and dissolved-solids content, can affect domestic snd agricultural

ure of water.
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Chloride Type

C1loride mround water rmay be divided into that which is fresh and
that whiceh is saline and not sultable for most uses. TFeth and others
(1966, n. 1) consider water unsuitable for domestic use where dissolved-
£olile content exceeds about 2,000 mg/l. Also, the [U.S.] Federal Water
Follution Control Administration (1968, table IV-3). considers 2,000 mg/l
(2,000 micromhos) to be a limiting dissolved-solids content for the
irrigation of most crops. The approximate base of fresh water indicated
on figure 32 was interpreted from electric logs as a surface below which

dissolved solids exceed 2,000 mg/1.
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Fresh

Fresh chloride ground water occurs beneath the northwestern part
of the area. Above and below the C clay it averages about SOOxg/lin
dissolved-solids content, but below the E clay dissolved solids increase
to about 2,000 mg/1 (fig. 29). That area of chloride water directly

surface

overlies the area where the saline ground-water body 1s nearést the land/
{fiz. 32). FExcept where mixing is found adjacent to bicarbonate water
type, the water is a sodium chloride type. Where chloride and bicarbonate
water mlx, the water is designated as a transitional type.

Fresh chloride water above the ¥ clay differs from that bvelow
the T clay in that it has lower concentrations -of sodium, caicium,
magnesium, chloride, and sulfate (table 18) and lower dissolved-solids
content. As only a few wells in the Tresno area are perforated beloﬁ the

F clay, the full range of dissolved-solids content for that zone is not

known,
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Teble 18.--Observed range of ilon concentrations in the fresh

chloride

ground water above the E clay and below the E clay

Tons Avove E clay .Ifj e (mg/gm E clay 2/
Calcium 1.7 - 162 b2 - 37
Magnesium 0O - 35 9 - 57
Sodium 77T - 568 529 - 620
Potassium l.2 - 12 3.2 - 5.5
Carbonate o - 6 0 - 103
Bicarbonate 10T - 279 3% - 170
Sulfate 8 - 143 39 - 340
Chloride 117 - 872 730 - Th6
Fluworide 2 - 5 -
Nitrate - 1n -
Boron 1 - 1.6 -
1. 16 samples teken in 1960-~1965.

2. 2 semples taken in 1952 and 1960.
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Fresh  ~hloride water, in addition to occurring in the northwestern
part of the area, also occurs locally in the southwest and south-central
parts of the area, above and east of the F clay, respectlvely (fig. 27).
Localized occurrences of chloride water in these areas suggest that

. locel sources of contaminaetion are the cause of the chloride water

rather than underlying connate water. For example, water from well
15S/17E~10R1, near the Raisin City oil field, has increassed in chloride
concentration from 69 to 1,000 mg/l and in hardness from 87 to 76T mg/l
from 1953 to 1963 (fig. 31), and thus, has changed from a bicarbonate type
water to a chloride type water. Morris and Mitchell (1955, p. 12) suggest
that this change was due to percolation of waste brines from unlined
sumps. Chloride, chloride bicarbonate, or bicarbonate chloride type water
at wells 155/17F-13R1, 16S/18F-26A2, 16S/19-3Ql, and 17S/19E-5J1 probably

is due to loczl sources of ground-weter degradation.
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' ~1line

The approximate basc of fresh water was determined by calculating
resistivity of water from electric logs using methods described by the
Schlurberrer Well Surveying Corp. (1950, p. 112), Jones, P. H,, (written
corrmun., 1952), and by Davis, G. H., (written commun., 1960). Depending
upon the method used, the calculated resistivity was then converted to

either mg/l or specific conductance. €Epecific conductance of about

hrt

3,000 micromhos or 2,000 mg/l dissolved solids, calculated as sodium
chloride, was considered to be the lower limit of fresh water (Olmsted

end Davis, 1961, p. 134). Sodium chloride type ground water with dissolved
solide in excess of about 2,000 mg/l is inferred to extend from the
frech-saline water interface (fig. 32) to the basement complex (Davis

and others, 1950, p. 175). In fact, the saline ground water ranges in
observed dissolved-solids content from about 2,000 mg/l to 47,000 mg/1.
ndividual lon concentrations are shown in table 19. Figure 32 indicates
that. except near the foothills, saline water underlies most of the Fresno

area at depth. It is designated as the saline-water body.

16
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Table 19.--Observed range of ion concentrations in the saline

ground water below the base of fresh water

“

Ionsé/ Range (mg/1) Ionei/ Renge (mg/1)
Calcium 543 - 2,190 Sulfete o - 0
Magne sium 126 - 832 Chloride 11,600 - 26,200
Sedium 6,750 -14,800 Fluoride N N .6
Potassium 97 - ket Nitrate by - T0
Carbonate 0 - 0 Boron 8.3~ 57
Bicarbonate 1Th - 569

1. Six samples taken in 1953 and 1954 from oil wells in the Raisin

City oll field.
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Bicarbonate Type

Tresh bicorbonate type ground water immediately underlies about
95 percent of the Fresno area (fig. 27) above and east of the E clay.
As bicarbonate water moves through the ground-water reservoir, there
is sorme exchange of calcium and magnesium ions in the water for sodium
ions, causing a gradual increase in sodium. But as mentioned previcusly
(see p. 155), where the water becomes a sodium bicarbonate type, usually
an abrupt increase in percent sodium occurs (figs. 27, 28, and 29).
Bicarbonate tyre ground water ranges in observed dissolved-solids

content from zbout 69 to 1,040 mg/l.
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Water Quality end Utilization

The extent to which ground-water resources of an area are utilized
depends not only on aveilebility of ground water But also on chemical
quelity. Standards of quality varf according to use, and water not
suitable for one use may be quite sultable for another. In the Fresno
area, where sgriculture is the main industry, standards of water quelity
must necessarily be those for both domestic and egriculturel use. Where
ground -weter quality is unsuitable for domestic use and greatly limited
-for agricultural use, such &s that in the underlying saline-water body,
it cennot be utilized without appropriete modificetion. Iocally,
fluoride,nitrate, boron, and sodium pose problems releting té utiliza-

tion of ground water.
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Dorentic vrne

“Jater for domestic uce should not contain more than maximunm
concentrations of certain minerasl conctituents recommended by the
.7, Public Health Service (1962), (table 20). In =ddition, it should
be free of colors and noisome odors, and preferably it should be soft
or not more than moderately hard (table 21). Fxcept for large areas
where water is hard to very hard and small areas where mineral constituents
exceed recommended limits, most of the water yielded to wells in the
Fresno area is suiteble for domestic use.

Iron generally was not determined, probably because it usually
doer not occur in concentrations in excess of 0.3 mpg/L which may cause
water to be objectionable in flavor and to stain laundry. Nevertheless,
three analyses indicate iron in excess of 0.335/1, well l3S/l7E-llEQ
(1.6m/ 1), well 146/155-3KL (1.5-4 mg/1),and well 155/25E-19H3 (0.8mg/1)

iron plus aluminum.
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Table 20.~-0ome standards of quality for drinking water

(U.S. Public Health Service, 1962)

Meximun concentration 2/

Constituents &/ (mgz/1)
Manganese 0.05

Iron -3
Fluoride a.8 - 1.7
Nitrate 45

Sulfate 250
Chloride 250

Total solids b500

1. Not & complete list.

2. Concentrations should not exceed those listed unless
suitable supplies are not available,

a. Maximum \fa;ies .ﬁith maxim:m deily eir temperature.

b. Feth and others (1965, p. 1) consider about 2,000 mg/1 to

be a limiting value for domestic use.



Table 21.--Herdness classification for domestic water

Hardness fange Classification
(mg/1)
< 60 soft
61 - 120 moderately hard
121 - 180 ’ herd

>181 very herd




“luuride content greater than l.Smg/l iy result in the dental
defect known ar mottled enarel. The defect may appear on teeth of
children tho drink water containing more than the recommended content
of fluoride during the formation of permanent teeth (Dean, 1936, p. 1272).
In the Frecno area, fluoride ranges from about O to O.kmg/l except for
an area south of “urrel and west of Riverdsle where it ranges from about
1.2 to 4.8mg/1 in water in the older alluvium above the F clay (fig. 33).

FNitrate content great;er than 10mg/1 as nitrogen or hSmg/l as nitrate
mey cause methemoglobinemis, or infant cyanosis (Walton, 1951). In the
Fresno ares, nitrate concentration ranges from about O to 1lmg/l beneath
areas close to perennial streams end along a strip about 4 to 6 miles wide
ecest of the Fresno Slough Bypass (fig. 34). It ranges from about 12 to
more than 2Omg/1l beneath large areas of the intermittent-stream fans and
high fens of the perennial streéms, including a large part of the Fresno
metropolitan area. MNitrate exceeds hSmg/l in water from many wells in
and near the Fresno metropolitan area (fig. 34, table 22). There the
nitraste concentration decreases with an increase in depth to about
300 feet (California Depertment Water Resources, 1965, pl. 11).

“he limits indicated in table 20 for sulfate, chloride, and
discolved-solids content are based primarlly on their taste or laxative
effects. People can, however, develop a tolerance for water containlng
lar;er concentrations of these constituents (U.S. Public Health Service,

1952, p. 32-34).
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Teble 22.--Wells yielding water having nitrate concentrations

in excess of 45 mg/l

1358/19E-24Q1 148/20E- 1D1
135/20E-25E2 148/20E- 8Al
135/20E-36K1 . 155/19E-35L1

14S/19E-21A1 158/25E- 8C1




Suliate concentration ranges from about O to 932 mq/lin water within
Tie oider alluvium avove the ¥ clay. he largest concentrstion of sulfate

-

ccours in the older alluviwy below the ¥ clay in the western part of the
aren, where the range is from 13 to 3L0om/l (fig. 29).

Chloride ranges from less than 1 to more than l,OOO:ng/lin water
mostly within the older alluvium above the F clsy. The largest concentration
of chloride is present in sodium chloride type water near the northwestern
part o the area (fig. 35). Large concentrations of chlorides also are
present in small, unrelated, local areas, 'fig. 35).

Dissolved-solids content ranges from about 69 to 2,000 mg/1 in water

from wells in the older alluvium above the approximate base of fresh

woter. At depth, near the saline-water body, dissolved-solids content

nd

appronches o0 e /1. . ra is -solids tent i c i
approaches 2,000 mg/l. Jener2ally, dissclved-solids content in the chloride

tyne watcr is larger that that in the bicarbonate type water {fig. 27).
For example, in the chloride type water, dissolved-solids content ranges
Trom about %34 to 2,000 mg/1, whereas, in the bicarbonate type, it ranges
from about 39 to 1,040mg/l.

‘ioisome odors and colors are found in both chloride and biéarbonate
water Irom wells perforated in the reduced deposlts of the older

cliuviwn Tig. 12); water frou wells perforated in the oxidized dGeposits
ir Yree of the odor ~aused by hydrogen sulfide gas and the yellow to

trovn CoLor orven associated with water containing it. ‘The association
of nydrosen culfide gas with reduced and organic méteriels, as reported

1 drillers, suggest that the hydrogen sulfide is cauced by orzanic

‘on {(Xutchinson, 1957, p. 754), althouzh it alco can be caused

a
[#)
0
i
C
;J
ot
|<I

by o reducvion of sulfate Faton, 1935, p. 122-125).
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Agricultural use

Severs) factors are importent in evalusting the chemical quality
of ground water for agricultursl use. These factors include (1) con-
centration of boron, (2) sodium edsorption ratio, and (3) dissolved-
golids content.

Boron 1s essential in trace quantities to plé;t nutrition but
becomes toxic to some plents when present in emounts as emall &s 1.0 mg/l
in irrigetion water (Hem, 1959, p. 121). In fact, toxicity in boron-
sensitive crcps, such as navy beans, deciduous fruit, and nut trees,
may occur when the boron concentration is little more than 0.3 mg/l

tables and 14). :

(U.s. Balinity Laboraﬁory, Most p ents are more tolerant then this,
but they can be damaged by concentrations of only 2.0lgg/l(Hem, 1959,
p. 121-122), 1In the Fresno area, boron concentration in ground water
ranges from sbout 0 to 2.7 mg/l, (fig. 34).

Chloride type water in the older alluvium above the E clay in the north-
wcstern part of the srea, ranges in boron concentration from sbout
0.2 to 1.6mg/1 (figs. 34, 35). In eddition, chloride water from well
th/lBE—25H3,perforeted below the E clay, hes & boron concentration of
about l.5mg/1. Bicarbonate tyﬁe water in the older alluvium above the E clay,
in an area within and west of Riverdele, ranges in boron concentration

Tror about 0.5 to 1.8mg/1 (fig. 34).
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Sodium adsorption retio (SAR) and dissolved solide content are
considered in & method used by the U.S. Salinity Iaboratory (195k,

p. 79-81) for clessifying water for irrigation. The sodium adsorption

ratio is calculated using the equation:
SAR =__Na"
cat™ + Mgt

where all concentrations are expressed in equivalents per million.
The SAR of a s0il solution is & useful index of the sodium stetus or
alkall hazard within a soil because it is releted to the adsorption
of sodium by the soil (U.S. Selinity Laboratory, 1954, p. 72-T4).
Dissolved- solids content or selinity of water can be approximated
by measuring electrical conductivity.
The above classification of irrigetion water assumes that water
will be used under average conditions with respect to soil, composition,

rermegbility, drainage, quantity of water applied, selt tolerance

of crop, and climate.
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As indiceted in the following classification and in figure 37,
(U.S. Salinity Laboretory, 1954), sodium hazard and salinity hazard
are cach divided into four clesses:

Sodium hazard.~-1. ILow-sodium water (S1) is suitable for
irrigation on precticaelly all soils. Sodium-sensitive crops could
acquire deleterious accumulations of sodium.

2. Medium-sodium water (S2) is suiteble for irrigetion on permeable,
coarse-textured,or organic soils, but it will ceuse a sodium hazard if
used on fine-textured soils that have & high cation-exchenge capacity
unless the soll contains considerable quentities of gypsum.

3. High-sodium weater (S3) is not suitable for irrigation on most
soils end when used will require soil management to assure good drainege,
high leaching, and adequate orgenic metter. On gypsiferous soils, this
water may not cause harmful levels of exchangeable sodium to accumulste.

4. Very high sodium.(Sh) water is usually unsuitable for irrige-
tion unless it is low to medium in salinitz and used on & soil containing

calcium and magnesium either neturally or es an sdditive.
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Salinity nezerd.--1. Iow-salinity weter (Cl) 1s sultable for
irrigating most crops on all solls except those soils of extremely
low permeebility.

2. Medium-salinity water (C2) is suitable for irrigating crops
that are moderately salt tolerant on soils where moderate leaching
occurs.

3. High-salinity water (C3) is sulteble for irrigating highly
salt tolerant crops on adequately drained soil but salinity controi
night be required. This weter ig not suitable for irrigation on soil
of restricted dreinage.

4, Very high salinity water (C4) is suitable for irrigating very
high salt-tolerent crops on permeable soils where excess waeter may be
applied to provide leaching.

The classification diegram, (fig. 37, table 23), indicates that
sodium chloride type ground water in the older alluvium-above the E clay
(semples 30, 33, 3%, 35, 36, fig. 37) is poor to unsuitaeble for fine-
textured soils unless gypsum 18 added to the soill where it is of
moderete permeability end has good drainage. Semple 30 indicates &
water that is suitable for moderately selt tolerant crops, but samples
33, 3&, 35, and 36, indicate & water that is suitable only for highly

salt tolerant crops. ‘.
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Sodium chloride type ground water (plot 29, fiz. 37) below the
B clay end above the saline-water body is unsuiteble for most crops
except very highly selt tolerant crops on a gypsiferous soil.

Sodium bicarbonate type ground water in the older alluvium above the
E clay (samples 17, 18, 19, 22, 23, 24, 25, fig. 37) generally is
similar in sodium hazard to the chloride type ground water above that clay
but is lower in saslinity hezard. Hovever, sample 1T represents water
that is suiteble for most crops end most soils. The other semples
indicate water that is unsuitable for irrigation on fine-textured
solls unless soil-management requirements are met and moderstely selt
tolerant crops are grown.

On the other hand, other types of bicarbonate type ground water above
and east of the clay (semples 6, 10, 13, 26, fig. 37) generally are
low in sodium hazard and low to medium in salinity hazard and, therefore,

are suitable for irrigating most crops on most soils.
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Table 23.--Index of wells on figure 37

Depth or
senple x| o1y mer Dot | e
(feet)
Masgnesium bicerbonate
1 138/22E-14D1 8- 8-63 100
2 138/22E-28c2 * T- 2-60 ok
Magnesium celcium bicerbonate
3 128/22E-20R1 8- 8-63 ‘ 69
b 13S/20E-23B1 6-10-64 195-209
5 135/21E-33K1 7-21-60 43
Calcium bicarbonate
6 158/21E-27R1 6-15-64 120
T 16S/21E-35PL 8- 9-63 160
Calcium magnesium bicarbonate
8 125 /21E-1TL1 6- 3-64 185
9 135/19E-30L1 7-20-60 111
10 ‘ 145/20E-34R2 8-22-63 175
26 148/20E-2kK1 9- 2-57 168

11
(1814 follows)



Table 23.--Index of wells on figure 37.--continued

Depth or

Semple index Date of perforeted
number Well number collection interval

(feet)
Calcium sodium bicerbonate
12 135/19E-29E1 T-17-63 140
13 155/25E 8C1 8-13-63 130
A 17S/20E-29R1 * 5-11-63 38-48
Sodium bicarbonete

15 138/1TE-14R1 T-20-60 125
16 155/18E-2011 7-19-60 210-250
17 16S/18E LNl 8-27-63 339
18 17S8/19E- 6F1 8-14-63 T0-202
19 17S/19E-20H1 6~ 8-55 90-300
20 178/20E-22F1 8-27-63 78-198
21 17S/20E-23D1 8-27-63 250-428
22 185/19E- 1Bl 8-14-63 55
23 185/19E- 1B3 8-14-63 125
oh 185/19E- 2F3 8-23-63 165-330
25 18;/20E- GAL 8-19-63 340

1814
(181B follows)



Table 23.--Index of wells on figure 37.--Continued

Depth or
Semple 2o | wend naver e | oo
(feet)
Sodium calcium bicerbonate

11 15S/21E-17F1 6-15-64 48-156

27 158/21E-24 L1 8-12-63 1k

28 175/23E~ 871 6-18-62 11k

Sodium chloride

29 13S/15E-35E3 10-20-52 L60-700

30 14S/15E-' 3K2 5- 3-63 100-180

31 14S/15E-25H3 10-20-52 520-705
32 Deleted. -

33 148/16E-23M1 8-12-63 300

34 145/16E-36A1 6-20-62 100-300

35 15S/1TE-15E1 8-10-63 152-L0ok

36 15S/1TE-1TAL 9- 9-63 183-460
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GROUND-WATER RESERVOIR UTILIZATION

With respect to (1) & specific appraisal of the geologic,
hydrologic, and chemical-quality conditions in reelation to the
various possibilities for recharge of the ground-water reservoir,
end to (2) the use of the reservoir for cyclic ground-water storage,
certain areas immediately can be defined as being unfavorable (fig. 38);
other areas, with qualifications, cen be defined as being favorable.
The following discuselon presents a brief summary of the report

with respect to ground-vweter reservoir utilization.
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Aress Unfavorsble for Recharge and Cyclic Storage

Areas underlain by fine-grained meteriel of low permeability and
specific yield are unfavorable for recharge operstions and cyclic
storage. ILow permeability of underlying masterial not only requires
that prohibitively large areas be used for water spreading (Davis and
others, 1964, p. 25), but 1t also restricts movement of water and
yield to wells. Low specifié yield limits the storage cepacity of
the reservolr. ILocally, such areas are those underlain by the &, b,
and, in places, the c facies of the older alluvium (figs. 13, 38).

Aress underlain by extensive beds or lenses of virtually
impermeeble deposits at land surface or at shallow depth also sre
unfavorable for recharge operations. Although underlying sedimentery
deposits may be quite permeable, virtuelly impermeeble beds or lenses
restrict verticel movement of water. ILocally, such areas are those
underlain by flood-basin deposits (fig. T) and by the A clay (fig. 1T).
In eddition, the deeper C and E clays (fig. 17) also will restrict
downward movement of water to more permeeble underlying deposits.

Areas underlain by shallow ground weter are unfavorable for
recharge operations and cyclic storage because of the danger of water
logging snd because of limited storage capacity. Iocelly, such areas
are those underlein by the unconfined water body within the older alluvium
in places near the foothills (fig. 19), by the unconfined water body within
the younger elluvium esst end south of Centerville (figs. 19, 38),

and by the shallow water body overlying the A clay (figs. 20, 38).
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freas underlain by ground water of poor chemical guality are
unfavorable for recharie operation: becsuse of the possibility of
ecither adding harmful mineral constituents to, or increasing the
sodium or salinity hazard of, a good-quality recharge water. Locally,
csuch areas are those in which fluoride, nitrate, or boron, exceed
recommended linits (figs.‘33 and 34) and those in which either sodium

chloride type or sodium bicarbonate type water predominates (fig. 27).
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Areas Favorable for Recharge and Cyclic Storage

freas underlain by coarse-grained material of moderate to high
permenbility and specific yield generally are favorable for recharge
and cyclic-storage operations because the permesbility permits relatively
rapid recharge to the ground-water reservoir, and the specific yield
assures an adequate storage capacity. Locally, such areas are those
underlain by the d, e, and £ facies of the older alluvium, (fig. 13),
exclusive of the areas of extensive clays, high-water levels, and water
of poor quality. In addition, the ¢ faclies underlying the central western
part of the area probably 1s favorable for recharge operatiops.

Soils in thogse areas, however, in places contaln extensive horizons
o hardpan so that the infiltretion of recharge water would be slow
unless the hardpan 1s removed or extensively shattered. There also is
a possibility that rising water levels caused by large recharge operations
could cause waterlogging of the soil. For example, Fortier and
Cone (1909, p. 10-12, 15-16) indicated that after irrigation water was
introduced to the area south of Fresno, the water table at times rose
to within 1 foot of land surface and caused waterlogging. Because of
larce quantities of water being pumped today (1962) and the general
decline of water levels in the area, a repetition of rising water tzbles

and waterlogging conditions probably would not occur for some tirme.
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Areas beneath river channels also are favorable for recharge
operations becsuse of the high per-esbility of sedimentery deposits
beneath the channels (table 10) and the ease of distributing large
quantities of water through the channels., However, both the San Joaquin
end Kings Riveggygge gaining streams along their upper reaches (fig. 22)
so that at times recharge operations would not be effective., Farther
downstream, both rivérs generally are losing streams and there,
recharge operations probably would be effective., Along the lower
reaches of both these rivers, however, the channels probably overlie

the A clay, (fig. 17), and downward movement of recharge water would

be restricted.
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EXPLANATION
*
Plot on trilinear graph
PN, o
Direction of cationic or anionic change
WELL DISSOLVED |4ARDNESS| CHLORIDE
NO.| WELL NUMBER DEPTH DATE SOLI
(reet) Ceary | (mgfy | (mat)
1. ot ol 10- 12-51 292 131 60
5 } 135/16E-36R1 100 =763 284 786 151
3| 14S5/16E-3P1®- | 390 [10-21-65] 1600 | 131 | 872
4 8-13-53 336 87 69
5. |+ 15S/17E-10R1% 206 4| 7-13-59 1,310 5Q9 712
6. 8-12-63 2,000¢ 764 1,000
7.| 155/17e-13% | | 4-20-54 | 413002 | 8880 [ 29,000

a. Above the E clay
b. Above the E clay

c. Calculated from specific conductance to show continuing ground-water degradation

(not plotted on trilinear graphs)

d. Probable connate water from about 4,700 feet below land surface

into percolation sumps

pumped

Figure 30.- Trilinear diagrams showing changes in percentage reacting
values for ground water in two local areas of quality degradation.
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EXPLANATION
@370 m 3000
Dissolved solids determined from analyses of water Dissolved solids determined by method described
from wells : by Schiumberger Well Surveying Corporation,(1950)
1. 185/19E - 1B1
2. 183//19E-1B3 42200
313y 17E-30A2 Dissolved solids determined by method described
4.135/16E - 36R1 by Davis,(Written communication, 1960 )
30
0

Change in resistivity scale

Approximafe. base of fresh water

FIGURE 31, — Diagram showing increase of dissolved solids with depth,
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