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GEOLOGY, HYDROLOGY, AND WATER QUALITY 

U; THE FKCTO AREA, CALIFORNIA

By R. W. Bage and R. A. LeBlanc

ABSTRACT

The Fresno area- comprises about 1.UOO square miles lying west of 

the foothills of the Sierra Nevada end east of the trough of the San 

Joequin Valley. The rainfall averages less than 10 inches per year 

causing agricultural development to depend mainly on* surface-water 

deliveries and ground-water puinpage. Surf ace-water deliveries and 

ground-water punipage, however, vary considerably from year to year. 

For exainple, in agricultural -ear 1958 (April 1, 1058-March 31, 1959) 

surfice-water deliveries were about 1,3^0,000 acre-feet and agricultural 

ground-water pumpage was about 1,7^0,000 acre-feet, but in agricultural 

year 1960 deliveries were only about 560,000 acre-feet and punpage was 

about ?,520,000 acre-feet.

Alluvial fanp are the dominant rjeomorphic features in the area. 

finall alluvial fans have been forr.ec near the foothills by the deposits 

from tiie nur.erour intermittent streajne that lie both north and south 

or the kinrjc River. Thicker and r.ucl"1. i.iore extensive alluvial fans have 

been forr.ed under nost of the area by deposits from the I-an Joaquin

ond i'ings Rivers.
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Geologic unite in the area consist of consolidated rocks and 

unconsolidated deposits. In turn,consolidated rocks consist of basement 

complex of pre-Tertiary age and marine and continental sedimentary 

rocks of Cretaceous and Tertiary age. Unconsolidated deposits are 

of both Tertiary and Quaternary age. Most of

the geologic units dip gently southwestward approximately parallel 

ing the back slope of the Sierra Nevada. Although some of these geologic 

units are faulted, especially in the deep subsurface, faulting has not 

affected the occurrence and movement of freshj ground water.

The basement complex crops out along the eastern border of the 

area and yields only small amounts of water to wells; the marine and 

continental sedimentary rocks do not crop out in the area and do not 

yield any water to wells.

The unconsolidated deposits are divided into an older series 

of Tertiary and Quaternary age, and a younger series of Quaternary age. The 

continental deposits of Tertiary and Quaternary age crop out beneath 

the extreme southeastern pert of the area and yield small amounts of 

water to wells, and the deposits of Quaternary age crop out over most 

of the area and yield more than 90 percent of the water pumped from 

wells.

The deposits of Quaternary age in turn ere divided into older 

alluvium, lacustrine and marsh deposits, younger alluvium, flood- 

basin deposits^ond sand dunes.
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The older alluvion is by far the most important aquifer in the 

yrecno area. It consists of intercalated lenses of clay, silt, silty 

and sandy clay, clayey and silty sand, sand, gravel, cobbles, and 

boulders, and in general it is fine grained near the trough of the 

valley and beneath the alluvial 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 marsh deposits occur only in the subsurface 

in the western part of the area. Consisting mostly of silt and clay, 

they are virtually impermeable and thus restrict the vertical movement 

of water. These deposits from oldest to youngest are designated the 

E clay, the C clay, end the A clay. The E clay is the thickest and 

nost extensive of all the lacustrine and marsh deposits.

Because the clays tend to confine ground water in the Fresno
 V

area, five water bodies are recognized. These are the unconfined water 

body, the shallow water body, the confined water body below the

A clay, the confined wster body below the ^ clay, and the confined 

water body below the E clay. The unconfined water body underlies 

-lost of the Fresno area. The shallow and confined water bodies underlie 

parts of the extreme western n-^-t of the area. There, heads in 

successively underlying water bodies are less than those in overlying 

water bodies indicating that  --one ground water noves slowly downward 

through the clays.



Froir. agricultural year 1957 to 19^2, outflow in the nrea exceeded 

inflow. As n result, for thin period, th£ Fresno area had a net deficit 

of nbout 1,890,000 ncro-feet. This deficit was nade up for mostly by a 

decline in ground water'Stored.

Water levels in all water bodies hove been declining over the yesrs, 

yet when streamflow and canal deliveries are large they show a general 

rise.

The general movement of ground water in the Fresno area is toward 

the southwest, although pumping depressions near Fresno and near the 

western part of the area, cause ground water to move northward, southward, 

and westward toward them.

Bicarbonate is the principal anion 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 water also is a bicarbonate-type water, 

although chloride-type water and nixed types occur in the area. 

In the western part of the area an abrupt increase in percent sodium 

occurring in both bicarbonate- and chloride-type water makes the water 

of doubtful quality for irrigation use.
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nevertheless, except in local areas and at depth, ground water 

in the Frecno area rarely exceeds 600 mc/1 (milligrams per liter) 

dissolved-solids content. At depths ranging from about 700 to 3,000 feet, 

however, the dissolved-solids content approaches and exceeds ?,000 m^/1.

Areas underlain by water at shallow depths, or by fine 

grained material, are unfavorable for ground-water recharge end 

cyclic storage. In the Eresno area, such areas are near the foothills 

beneath alluvial fans of intermittent streams, end in the western part 

of the area where extensive bodies of silt and clay occur at shallow 

depth. Most 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 end Plens

The principal water resources problem in California is that of 

distributing water from areas of surplus in the north to areee of 

deficiency in the south. Plans for distributing surplus water by 

means of canals from north to south and for regulating the large 

amounts of water involved by conjunctive use of surface and under 

ground reservoirs,were proposed by the California Department of Water 

Resources (1957, p. 6-7) in the California Water Plan. Because the 

plan involves underground storage of large but variable quantities 

of water through artificial recharge, detailed knowledge of the 

geologic and hydrologic conditions as they relate to utilization of 

a given area for ground-water storage is required.
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Purpose and Scope

The U.S. Geological Survey, in cooperation with the California 

Department of Water Resources, IB engaged in a series of investigations 

in the San Joaquin Valley to obtain detailed, knowledge of the geologic 

and hydrologic conditions of the ground-water reservoir. The area 

covered by this report and other studies in the San Joaquin Valley 

is indicated in figure 1.

The purpose of the investigation and report is, (l) to supplement 

earlier studies by collecting, interpreting, and presenting 

data on the detailed geology and hydrology of the ground-water reservoir 

and its setting; (2) to describe the geologic and hydrologic conditions 

related to utilization of the area for ground-water storage; and (3) 

to relete those conditions in the study area to conditions in adjacent 

areas and to the valley as a whole*



The scope of the investigation includes, (l) delineation of 

geologic units end features, both on the surface and in the subsurface, 

in sufficient detail to define the ground-water reservoir and its 

subdivisions and to describe them in terms of lithology, texture, areal 

extent, water-bearing character, and relation to the valley area as a 

whole; (2) description of the hydrology of the area 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

effect recharge and extraction activities; and (4) specific appraisal 

of geologic and hydrologic conditions as they relate to various 

possibilities for recharge of the ground-vater reservoir, and to use 

of the reservoir for cyclic ground-water storage.

T< ic report v:ar prepared "by the Geological Survey, Water Resources 

Division, in cooperation with the California Department of Water 

Resources as part of an investigation of the water resources of Fresno, 

Kin~s, and Tulare Counties. Fieldvork for thir study was done in 1962 

and Ip63. The final report vac prepared under the general supervision 

of R. ftanley Lord, district chief in charge of water-resources 

investigations in California, and under the immediate supervision of 

V.'illsrr} W. Derm, chief of the Tacramento cue-district office.



Field Program

To obtain detailed knowledge of the geologic and hydrologic 

conditions of the ground-water reservoir, it is necessary to collect 

a large amount of basic data and correlate these data to wells located 

by field inspection. Data collection from many sources, including the 

California Department of Water Resources, California Division of Oil 

end Gas, U.S. Bureau of Reclamation, Pacific Gas and Electric Co., 

local irrigation districts, Kings River Water Association, and the 

U.S. Geological Survey, was begun in June and ended in August 1962.

Because of the limitation on available time, all of the reported 

date were not field checked. In September 1962, a selective well 

canvass, was begun in the field to locate those wells for which the 

most useful data were available. Useful data included drillers' 

logs, electric logs, core logs, water-level records, pump-efficiency 

tests, and chemical analyses of ground water.

Sites of water wells used in this report have been plotted on a 

base map, and the correlated well data have been tabulated (Crawford 

and others, 1965).
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-..'el 1- Number in f-a t em

" he well- numbering nyntem used by the "-eological Survey in 

California indicates the location of wells according to the rectangular 

nystem for the subdivision of public lands. For example, in the number 

l^r/20F,-oPl, which was assigned to a well about 1 mile west of Fresno, 

the part of the number preceding the slash indicates the township 

(l. 1^ S.); the number after the slash the range (R. 20 E.); the digits 

after the hyphen the section (sec. 6); and the letter after the section 

number the ^40-acre subdivision of the section as indicated on the 

diagram below.

D

E

M

N

C

F

L

T>

B

G

K

Q

A

H

J

R

Within each ^0-acre tract the wells are numbered serially as 

indicated by the final digit of the well number. Thus, well lUs/20E-6Rl 

-:ns the firct ::ell in the TE^CF^ sec. 6 to be listed. The entire p.rea 

ic couth and er.ct of the Mount Diablo base line and meridian.

7or vellc not field located by the Geological Turvey, the final 

digit line been omitted, and where the UO-acre tract was not kna^-m, 

the letter war replaced by the letter Z.



location and Features

The Frecno area of this report comprises about 1,400 square miles 

in the east-central part of the San Joequin Valley, California 

(figs. 1, 2). It is bounded on the east by the foothills and mountains 

of the Sierra Nevada, on the west by the axis of the valley, on the 

north by the San Joaquin River, and on the south partly by an 

arbitrary boundary line and partly by the Kings River. The principal 

city in the aree is Fresno with a population of 213,444, including 

suburbs (1960 census). Other communities include Sanger with a 

population of 8,072; Selma, population 6,934; Dinuba, population 6,103; 

Reedley, population 5,850; Clovis, population 5,546; and many smaller 

towns.

Access to the area is provided by the Southern Pacific Co. the 

/-.tchicon Topeka and Santa Fe Railway, by county roads, State Highways 4l, 

1-45, 168, and 180, by U.S. Highway 99 (fig. 2) and by commercial and 

private airlines. r'he access thus pro-.-idea helps to maintain the 

roburt economy of the area.

Agriculture is the mainstay of the economy, although manufacturing 

and petroleur; production are "Lro important, 'he principal crops are 

peaches, berriec, citrur fruit::, nuts, alfalfa, cotton, and grapes 

harvested fro:i approximately 1,0.x) r qua re -die;; of land.

I-.'ater for ,  jriculture ir supplied f ro'   both surf ace-2nd ground- 

*.:--ter courcec, vhereac, T.-ater for -v::iifactu.ring and petroleun production 

i- rupplied In :;:uch r-: in Her a: .our/:   pri";aril^r from ground-water sources.



"limate and Streamflow

The local climate is characterized by low relative humidity, high 

terperature, and the small amount of precipitation that falls during the 

hot summer; and by higher relative hu:-.l^ity, lover temperature, and 

greater precipitation that falls during the mild winter. In all seasons, 

winds flow generally from the northwest or southeast, the northwest winds 

prevailing. The average growing season is about 290 days (U.S. Department 

of Commerce, 19^3) 

Figure 3 shovs that mean annual precipitation in the Fresno area 

IF less than 10 inches. More than 90 percent of the precipitation falls 

between October and April. Precipitation varies in quantity directly

 :ith altitude so that the precipitation at Huntington Lake (altitude 

7,020 feet), outside of the area, is much greater than that at Mendota Dam 

(altitude loo feet); also, precipitation falls mostly as snow ,?t higher 

altitudes (Kuntington Lekc) whereas at lower altitudes (Fresno) it falls

 r.ostly as r^in. The amount of precipitation also veriee widely from 

year to year (fig. 3) ^nd shows long-term wet and dry patterns of about 

;; ^o 17 years duration ''fig. U) . ^

During wet and dry period.3, the amount of precipitation has had 

c otronj, effect on streamflow in the S-in Jo°.quin and Kings Rivers

 .fif7 . '-t) . 7"ec^use ptre?mflow is the primnry source for ground- . r^ter 

recharge, it,,? v^ri^tion ic of jrerr:. Lrr.r>ortv.nce.



In the f>en Joaguin River "below Friant (fig. U), since 1908, there 

been two periods when etrearaflow wee lees than the 1908-60 mean 

and two periods when it VQS greater than the mean. In the Kings River 

at Piedra, since 1896, there have been three periods when the streamflow 

vas less than the 1896-1962 mean and two periods greater than the mean 

(table l). In addition to those long-term periods of low flow and high 

flow, runoff in both rivers, prior to regulation of the San Joaquin 

River by Friant Dam and the Kings River by Pine Flat Dam, varied 

seasonally throughout the year: In March or April the snowpack in 

the Sierra Nevada begins to melt and contributes runoff to the rivers 

so that flows below the present dams increased rapidly reaching a 

maximum in Mey. In July, flows decreased rapidly reaching a minimum in 

October, then In ITovember the flow began tos increase gradually toward 

the snowmelt peeks in March or April. But now, because of regulation 

by Friant Dam, Pine Flat Dam, and many smaller dams, discharge in both 

rivers downstream from the dams generally does not show such a seasonal 

pattern.



Table 1. Streamflow petterna

San Joequin River below Friant

Water year 
Oct. 1- Sept. 30)

Remarks Average annual flow 
(acre-feet)

1924-1934 

1935-1946 

1947-1960

1,920,000 > mean

1,110,000 < mean

1,990,000 > mean

780,000 < mean

1908-1960 1,470,000. = mean

1908-1943 

1944-1960

Before regulation 
by Friant Dam

After regulation 
by Friant Dam

1,730,000 > mean

910,000 < mean

27 
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Table 1. Streamflov patterns Continued 

Kings River at Piedra

Water year 0 
Oct. 1-Sept. 30) Rema

1896-1905

1906-1917

1918-1934

1935-1945

1946-1962

1896-1962

. Average annual flow
CK.B 1 \

(acre-feet)

1,620,000

2,190,000

1,240,000

1,970,000

1,440,000

1,640,000

< mean

> mean

< mean

> mean

< mean

= mean

1896-1953 «sxux« z-esuxBUioii 1,670,000 > mean 

1954-1962 ^^r^fn^l/ 1,430,000 <mean

1. Small amount of flow regulated prior to 1954.

(28 follows)



GEOLOGY 

Geomor pholo gy

Most of the Fresno area lies within the geomorphic province that 

Jenkins (19^3, p. 83) defined as the "Great Valley of California," 

where alluvial plains or fens are the dominant features. Only the 

extreme eastern edge of the area lies within the province that he 

defined as the "Sierra Nevada," where foothills and mountains dominate.

In general, an alluvial fan is narrower at its head than Its toe 

and slopes with decreasing gradient from head to toe. The outline of 

such a fan, formed by the deposits from a given stream, can be 

inferred from topographic contours that seem to form concentric arcs 

around a common apex. The boundary between two fens con be inferred 

by noting an imaginary line along which two sets of contour* meet.

SeVen alluvial fans, three flood plains, one interfan area, and 

one sand-dune area have been outline on figure 5° Two of the fans 

'compound fans) were deposited by intern!ttent streams and are 

characterized by steeper and iiore dissected slopes than those of 

perennial streams. The other five fane were deposited by perennial 

stroans, -iainly the King? and Pan Joaquin Rivers, and are characterized 

by shallower slopes, sand dune, relict ptreeni channels, and terrace;:.

Two large perennial streams, the Tan Toaquin ^iver and the Kings 

r;ivc-r, flov through the Fresno area ''fie;. 5^. ?~he r~n Joaquin River 

:ne:mders in lon^ sweeping arcs vherc i*r flood pi-in ic no vide as one 

nile, and in short, pinched arcs where its pl-in is ac narrow --s one- 

  ixteenth of a -nlle. In places, itr channel lies riore than 90 feet 

below the rurface of the high fan and less than 5 feet below, the low fan,



"/lowing generally southwestward, the Kings River splits into two 

channels at n point south of i\iverdale. One channel flows .southwest- 

v;ird out of the area, and the other westward to Fresno Slough. Dovn- 

-radient from the foothills, the flood plain ranges in width from about 

one-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 Fresrio Slough Bypass. Thus a long, 

narrow, low-lying plain has been formed along the western edge of the 

area. This type of plain has been defined by Davis and others (1959, 

y. 27) as "overflow lands" (fig. 5).

r ''he low fans were dc-porited mainly by the San Joaquin and Kings 

Rivers overflowing their banks in the low-lying western edge of the 

area. However, one low fan, part of which lies just south of Dinuba, 

vac deposited by Cottonwood Creek. In general, surfaces of all low 

fans lie IOGS than 10 feet above stream channels and would be subject 

to flooding if it were not for manraade and natural levees. The low fen 

01' the San Joaquin River has e braided surface attesting to the many 

c-treanc which have flowed across it, but the low fan of the Kings River, 

treverced by many sloughs and canals, is not distinct from the flood 

plain.

30



The Irr^ent ^eonorphic features in the Frenno area are two high 

fnnr deposited by the onn Jonquin and Kings Rivers, ""hese fanr, lying 

from 10 to 90 feet above the channels of present dny rivers, are not 

- -nb.1c.ct t Invnd'.tlon b: th<~ rlv^iv:.

Bluffs of the high fan "bordering the San Joaquin River are 

dissected "by small inconsequent drainages, and over the broad surface 

of the fan, ancient streams have left channel remnants. This fen is 

deeply dissected by Little Dry Creek, which separates the head from 

the main body of the fan. Yet, both parts of the fan show a generally 

accordant surface.

The high fan of the Kings River shove many of the same character 

istics as those of the San Joaquin River. It is deeply dissected by
 v 

the Kings River, and over the broad surface of the fan, ancient stream

channels of low relief radiate from an apex near Sanger, This high 

fan, however, does not have an accordant surface because near Center- 

ville two high terraces, one on each side of the river, are included 

within it (figs. 5 and 7).

South of Fresno near Fowler, and extending west to Barrel, send 

dunes have been deposited and are associated iv'ith a group of depressions 

that trend southeastward. These sand dunes show a local relief of about 

to 20 feet.
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Geologic T nitr- r.-nd their W-.ter- ---earing Properties

Vi h re.-rpect to defining and describing t.he (ground-water reservoir 

in terriL' of lit ho logy, tejcture, thickness, areal extent, water-bearing 

charr.cter, and relp^ionchip to the valley area as a whole, the rocks 

that crop out in the Fresno area (fig. 7) and (or) occur in the subsurface 

may ce divided into tv/o general types, consolidated rocks and unconsolidated 

deposits. The consolidated rocks consist of the basement complex of 

pre-Tertiary age (fig. 8) and :riarine and continental sedimentary rocks 

of Cretaceous and "Tertiary ege (not mapped). Unconsolidated deposits 

arc de-scribed as deposits of .Tertiary and Quaternary age and deposits 

oi' tiu-ternrry age.



Consolidated Rocks

r he basement complex of prr- ertiary age is the oldest rock in 

the I'resno area and underlies all other rockc rnd deposits (fig. 8). 

'long the erctern boundary, the basement complex crops out as inliers 

within overlying sedimentary deposits and as foothills of the mountain 

front proper (fig. 7). It is made up of metaraorphic rocks and of 

igneous rocks that intrude the metaraorphic rocks on a large scale 

(Macdonald, 19^1, p. 217).

Near the mountain front, where a shelf on the bedrock has been 

formed, depthe to the basement complex are small, but they become 

progressively larger away from the shelf (fie. 9). Beneath the shelf, 

north and couth of the I'in^s P.iver, thr basement complex ranges from 

0 foot to about 200 feet in depth be .low land curface and ic penetrcted 

by many water wells; west of the chelf, it ranges in depth from about 

P.OO feet to more then 13,000 feet and is penetrated by only a few 

deep wells.



The hard, tight rocks of the basement complex form the eastern, 

almost impermeable, boundary of the ground-water basin, but their 

deeply weathered surfaces and extensive joint systems permit yields

of small quantities of water to wells. Water-bearing properties of
silty sand derived from 

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 an important aquifer, although yields 

to wells penetrating both overlying deposits and weathered "basement 

complex are smalleritten commun. U.S. Bureau of Reclamation, 194-7). 

In order to increase yields, some vertical wells have been constructed 

with laterals drilled into the hard, jointed basement complex. An

example of this type of construction, well 14S/24E-36L1 (fig. 7),
s- 

reportedly yields 500 gpm from about 3>680 feet of laterals; such e

well, however, may derive water only from the joint system and, there 

fore, may not be able to yield large quantities of water for extended

periods of time.
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In addition to the banement complex, consolidated marine and 

continental sedimentary rocks of Cretaceous and Tertiary age consisting 

 nainly of sandstone, sand, siltstone, and shale are known to lie 

irr.iediately over the basement complex. They occur in the Fresno area 

at great depth, probably never less than about 1,000 feet below land 

surface, and contain 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.
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Unconsolidated deposits immediately overlie the consolidated 

rocks. They include deposits of Tertiary and Quaternary age and deposits 

of Quaternary age.

The unconsolidated deposits were derived partly from the Ooast 

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 1,000 feet, are 

a few beds of siltstone, claystone, and shale. Sedimentary deposits at 

such depths still are continental (Hunter, 1952, p. 21; 195^, p. 2^; 

and Sullivan, I960, table l). Deposits derived from the hard, crystalline 

bedrock of the Sierra Nevada are made up of many intercalated, thick and 

thin lenses of clay, silt, sand, and gravel generally arkosic or granitic, 

which underlie the entire area.
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'  he unconsolidated deposits laid down by small internittent streams 

contain angular to subrounded sand and gravel, poorly sorted, intercalated 

with lenses of silt, clayey sand, fine sand, and some lenses of cloy, 

coarse sand, and gravel; those laid down by large perenniarl 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 either an oxidizing or a reducing 

environment. According to R. H. Meade (19^7, p. C5-C7) and 'Davis and 

others (1959? P. 58-59)» oxidized deposits are red, yellow, or brown, 

indicating subaeri^l deposition; and reduced deposits are blue, green, 

or gray, indicating subaqueous deposition.



Continental depor,its of Tertiary and Quaternary age

Continental deposits of ^ertinry and Quaternary age ere equivalent 

to Dnrt of the "lower unit" of Davia and Pol-nd (1957, p. ^25). The 

depth to and thickness of the continental deposits vary greatly from 

east to west: The top of the unit ranges in depth from 0 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 

oxidised deposits solely on the basis of color. The water-bearing 

wells in this locale do not penetrate them. However, in the Hanford- 

Visalia area (fi^. l), the reduced deposits generally yield 500 to 

2,500 rrpn to veils (Croft and Gordon, 1968, p. 6l). Yields to wells in 

the outcrop area of the oxidized deposits range from about 70 to 2^0 gpin 

and yield factors range from about 6 to 22 (figs. lU and 15) for wells 

that range in depth from about 130 to 190 feet, indicating that the 

oxidized deporits are poorly to moderately permeable.



'ihc contact between the continental deposits of Tertiary and 

Quaternary age and the overlyinj deposits of :">auternary age is inferred 

p;ri;ly by projection of the contact of Croft and Gordon (1968, figs. 7 and 8)

from the Hanford-Visalia area arid 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, 

and partly on a similar abrupt change in resistivity. Generally, in the

western part of the Fresno area, the contact between the relatively low
%

resistivity and the high resistivity is not distinct and is not shown, 

but; in the eastern port, the contact is distinct and is coincident with 

the inferred base of the deposits of Quaternary age (fig. 8).

The change in resistivity is interpreted to be a change from 

relatively fine- to coarse-grained materials. For example, the 

driller^ log of well 1^S/20E-23P (fig. 11) indicates that the coarse 

grained material, mostly fine sand and sand with some coarse gravel, 

makes up about 23 percent only of a ^75-foot thickness of material 

that displays low resistivity; whereas, the coarse-grained material 

v:=)ke3 up more than 62 percent of an equal overlying thickness that displays 

hifjh resistivity.



Deposit.? of Quaternary age

Deposits of Quaternary age are equivalent to part of the "lover unit" 

and to oil of the "upper unit 1 ' of Davis and Poland (1957, p. ^'21, ^25), 

also they are equivalent to the older alluvium, part of the lacustrine 

and ifu-reh deposits, younger alluvium, and flood-besin deposits of Croft 

and Gordon (1968, fig. U, table l), and together with sand dunes are 

mapped as such.



Older alluvium.--The older alluvium of Pleistocene and probable 

Holocene ace > crops out over most of the area from the Sierra Nevada 

foothills, 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 and fine materials (fig. 13)  The texture of the older alluvium 

changes over short distances, therefore, water-bearing properties of the 

older alluvium also change over short distances.

The reduced deposits of the older alluviumj which do not crop out 

in the area, range greatly in thickness and vary moderately in lithology. 

From east to west, they range in thickness from 0 to about 1,200 feet 

(figs. 8 and 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 13S/15E-35E1 and l4s/15E-25Hl 

(fig. 7) > and several electric logs, suggests that they consist of 

moderately thick lenses of greenish-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. 

:rhe deposit? become generally finer grained from east to west.



The reduced deposit? lie below, or are interbedded with, lacustrine 

and march deposits, which consist of the E clay, C clay, and A clay 

(fi;3s. 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 range 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 0 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 soils (Strahorn 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 

Mountain, the oxidized deposits consist 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 unconforr.ably on a nature surface of the basement complex. 

Hie 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 vith the C and F clays (figs. 8 and 10) 

' hey grade laterally from east to west and vertically into the reduced 

deposits.



TY-teral changes in texture of the topmost 300 feet of material, 

.^hown in figure 13, reflect mrinly texturnl changes in the older alluvium 

except near Riverdale and in the northwestern part of the area, where 

changes in the texture of 'both the younger and older alluvium are 

indicated. The chafes were determined by computing the percentage of 

coarse- and fine-grained material, as determined from drillers 1 logs 

and then plotting and contouring the computed percentages on a map. 

Derivation of the percentages is illustrated by analyses of two well 

logs in table 3-

After computing the coarse- and fine-grained percentages for about 

1,085 field-located wells (table M and about 750 wells whose locations 

were not field checked, the percentages were divided into six arbitrary 

facies (fig. 13).



Table 3. Selected well logs shoving classification of coarse- and fine-grained

materials ,and samples showing computation of the ratio

of the coarse- to the fine-grained material
    - -    - -

Well 13S/19E- 3H1

Thickness Depth 
(feet) (feet)

Topsoil-i/          1 1

J- /  Y I

Clay        1       f8 12

Sand              c2^ 36

[cl6 
Clay and pack sand-- 32 hrrz 68

Sand and gravel----- c9 77

/c 8 
Clay and pack sand-- 16 j -r-g 93

Sand              c21 162

Clay               f9 171

Sand        --     cl 172

f T r- 1 7- -PO IT))

Sand          --   c6 180

Percentage of coarse-grained material<= 

133 (feet) _ ?6 t
176 (feet) 

Thic percentage in included in the

e facies (see p. Vf)

Well 15S/24E-15L1

Thickness Depth 
(feet) (feet)

Topsoil-i/       2 2

Clay           f23 35

Sand           c7 , ^2

[c 2Sandy clay       8  £-/* 50 

Clay           >2o 7-6

Sand    -       -- ck 80

Clav            f2k 10^

Sand            c5 109

/  c 2

Joint clay '     f!3 128

Decomposed granite-/ 6 1^0 

I/rani e-

Pcrcentage of coarse-grained materials 

26 (feet) .. 01 ^^er^
122 ( feet ) 

This percentage is included in the

ID facies (see p. Vf)

1. Hot included :n computation.
c. Coarse-grained material.
f . Fine -grained materiel.
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Comparison of the geomorphic map (fig. 5) with the faciec map 

(fij. 13)> shows a cloce relationship between geomorphic unite and facies 

and ;:how.:. that in the older alluvium, fine-groined materials predominate 

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

rivers, ^oarne-grained material predominates near the heads of these 

fans and relatively finer grained material predominates near the toes.

Near the head of the high fan of the San Joaquin River, logs of 

wells 1L3/21E-31R1 and 12S/21E-7J1 (fig. 7) indicate a -change at depth 

from percentages equivalent to the f and _e facies to percentages 

equivalent to the _a and _c facies, respectively (table 5). This change 

fron coarse to relatively fine grained material is the same'as that 

noted farther west (see p. ^l). However, most well logs used for the 

fnciec 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.



Table 5   --Logs of selected vater veils indicating change at depth from 

coarse- to relatively fine." grained material

11S/2LE-31R1. Altitude about 365 ft. Drilled by Thurman In 19^6, 

12-inch ceeing, open bottom.

... . , Thickness Depth 
______________tteteriel__________;_______(feet) (feet)

Soil and sand-**-    --                  -  6 6 

Hardpan-i-         -               -   ---    k 10

Sand, brown, medium-grained, subrounded and some

gravel, 1-inch----   -------              -   --- C38 48
c6 - 

Sand and clay, brown compact----   -   --      ---    -- 12 ¥5* 60

Send, gray, medium-grained, subangular, quartz------- cJO 2.30

Sand, mixed with large rocks--------------   --- ---- c!5 1^-5

Sand, packed-     --                    -     -- clO 155

Change from coarse- to relatively fine- grained material 

occurs here. 

Clay, light gray, plastic-      ------       -    f20 175

Sand, water-bearing-------   -   --   -          -   c2 177

Clay, gray, plastic---------     -    -        ----- fi3 190
 v

Clay, bluish-green, soft, plastic, some granitoid

sand--------------------------------  --    --- f30 220

Clay, greener than above clay, more water----------- flO 230

Coarse-grained material from 10 to 155 feet is about 96 percent 

of the sample. This percent is included in the e facies, but is 

equivalent to the _f facies.

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

of the sample. This percent is equivalent to the a faciee.

See foot i j+es at 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

12S/21E-7J1. Altitude about 399 ft. Drilled by Waller in 1951- 

14-inch casing perforated 167-240 ft.

MaterielThickness Depth 
_________________________________________(feet) (feet;

I/ Topsoil - =*                                 2 2

Hardpan-~^-             -      -           4 6

Clay, hard               --               flO 16

Sand, coarse, and gravel, dry                 c!2 . 28

Clay and shale                               fl6 kk

Sand, dry----- -    --   ----   -- -     ---    - cl8 62

Clay, hard                                fl8 80

Cobblestones, 6-inch, dry                   c26 106

Sand, red, fine, and mud, water               -   57 163 

Cobblestones and sand, good water--    -  --- c23 186 

Clay, gray, herd and cobblestones, 6-inch         2k -~   210 

Sand, fine, water                          c2 212 

Clay, ^oint, with cobblestones, 5-inch           10 £§. 222

Change from coarse-to relatively fine grained material 

occurs here.

See footnotes at end of table

(5IB follows)



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

coarse- to relatively fine -"grained material   Contl nued

12S/21E-7J1- -Continued

Thickness Depth 
Material (feet) (feet)

Shale, red, hard                              f!2

Sand, coarse, water                           c6

Clay and shale, gray, hard                      f24 264

Shale, black, sandy, hard, water                  24 -|I 288

Shale, gray, hard, milky                       f32   3^0

Pumice, white, water-----     -   ---         -----   _- 038 358

Clay, blue, sandy, hard---      -____   __   __   _--~ f!9 377

Quartz, glass, hard-        --   -   -      -   -   -   -   c2 379

-*Granite, or solid bottom-*        -    --   .--       -  1 _ 

Coarse-grained material from 6 to 222 feet is about 59 percent 

of the sample. This percent is included in the d^ facies.

Coarse-grained material from 222 feet to 377 feet ie about 

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

1. Not included in computation

c. Coarse-grained material

f . Fine-grained material

5 IB 
(52 follows)



' he water-bearing properties of the older alluvium vary considerably 

throughout the area. Aquifer tests made by the Geological Survey and by 

~.7olte (1957) indicate transmissibilities ranging from 52,000, 

-/ell 13P/20F-26L1, to possibly 160,000 gpd (gallons per day per foot), 

veil llir./22E-32Fl, for wells of similar depth and construction (tables j end 7>. 

In addition, tests made on seven surface samples of older alluvium indicate 

coefficients of permeability ranging from about 0,005 to 3,500 gpd/ft2 

(gallons per day per square foot). About 550 yield factors (see p. 57 ) 

ranr;e from about 2 to ^90, Specific yields range from about 0.2 to 36 percent 

and yields to wells range from less than 20 to more than 3,000 gpn.

Fach -well chosen for aquifer tests by the Geological Survey penetrated 

only-the older alluvium in a fades different from that of other chosen 

wells, was at least 1,000 feet from any other large capacity well, and 

was pumped for periods ranging from 10 to 22 hours. Because of 

unavoidable interference from other wells being pumped, possible leaky 

aquifer conditions, and anomalous water-level fluctuations, the results 

of the tests (table 5) are rated as poor.

Vhe aquifer tests by Kolte (1957) were part of a study for the 

ji-erno Metropolitan Flood Control District. According to Tolte (1957, 

p. 73^ e-ch test was made for at least 100 minutes, and the we-11 being 

tested had been idle for at least 10 h^urr: prior to the tect. Results 

?i' there tests are shown in table 7.

-ecauue the aquifer tertc were made en several wellc that were only 

panially penetrating or open bottom or both, computed value:; of 

permeability were omitted from thi; 1 report.
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.'"even undirtiir":.i e>;. r.a:nples of olJ.er .'illuvium were tested in the

p-ji.^ Laboratory of the -i-oolOjjii-el f-urvey in Denver. Results 

of thi-- tests 'table ') c-ai be need to infer permeabilities in onl^/ 

; general .v ;i- nner, but they do indicate that the coarse facies tend 

to be more per:neabl>.-- than the fine facies (fi^. 13^. Samples, 

6-4 Cal 8l and 64 Cal 3^, indicate that cementation and sorting, as 

veil as grain size, play an i.-nportant role in determining permeability.



Vhe yield factor irj an approximate measure of the permeability of 

the water-bearing material tapped by a well (Poland, 1959> P» 32). 

In the older alluvium, yield factors range from about 2 to ^90 and

average a little less than 70. vi^ure Ik indicates the average yield v

factor and depth of well for areas of 2 miles square (h square miles). 

Low yield factors are indicated near the Academy and Orange Cove areas, 

where fine-grained fades are prevalent. Low-yield 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 

l6S/l8F-2l*Rl is 185 feet and the depth of well 16S/18E-18A1 is 518 feet 

(fig. 7); their specific capacities are 7^-5 end 71.8, respectively, 

/heir yield factors are 63.9 and 15.9j respectively. In this report, 

yield factor is computed as follows:

Yield factor = Specific Capacity x 100
Depth of well minus depth to standing v.'ater

Well 16S/18E-2^R1
7t.5 x 100 _ 6 Q 
(185-68.10 " 6 '^

Well 16S/18F-18A1 
71.8 x 100
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In the Fresno area, deep wells almost always had lower yield 

factors than shallower wells when comparisons were made using wells of 

similar construction and penetrating similar material. Throughout the 

rest of the Fresno area, yield 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 average about 900 gpm. Figure 15 

indicates the maximum, average, and minimum discharge in gpm as well 

as the average drawdown for areas of k 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 metropolitan 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 yields probably are due to generally 

greater depths of wells in this area.

58-59



i-'ron figure 15, an approximate specific capacity for each U-cquare 

:iile area can be calculated by dividing the average discharge by the 

average drawdown. For example, the approximate specific capacity for 

sections 17-20, T. 15 S., R. 20 E. is 695 divided by 9.1 or ?6 gpm per 

foot. Specific capacities can be used to estimate transnrLssibilities 

of sedimentary deposits as shown by Thomasson and others (i960, p. 220-222) 

who estimated transmissibilities 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 facies become coarser, as indicated 

in figure lo and table 9. Values of specific yield for various materials 

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



Table 9 .--Average specific yields for fecles a through £

Faciee

Average
specific yield 5-3 7-^ 10-5 13«3 16.0 18.7 

(percent)

61



Lacustrine and marsh deposits.  r he Incus trine" and ::v-jrsh 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. They are 

considered to be of Quaternary age. In the Hanford-Visalia area 

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 Cordon (1968, figs. 7 and 8) have demonstrated that 

the lacustrine and marsh deposits beneath Tulare Lake, which is about 

25 miles south of the Fresno area, are shaped like a deep, somewhat 

cylindrical plug from which several irregularly shaped discs, or tongues, 

radiate at irregular intervale. r. he tongues are named informally, from 

oldest to youngest, the F, F, D, C, B, and A clays. In the Fresno area 

only the E, C, and A clays were defined, mostly on the basis of electric 

logs. Other clays are present, but they are not well definedc

The clay tongues in the Fresno area are virtually impermeable, and 

yield little water to wells. Because they are virtually impermeable, 

the clay tongues restrict vertical movement of ground water between the 

more perr.eable beds which they separate.



The dietoinaceous i- clay, a blue gray to dark greenish gray, sandy 

silt and silty clay of probable Pleistocene age, underlies about 

265 square :niles in the western part of the Fresno area and is the largest 

aquiclude in the area (fig. 17). The F. clay is bifurcated but west of 

the Fresno area its upper and lower beds coalesce (figs. 8 and 10). In most 

places it probably is equivalent to the Corcoran Clay Member of the 

Tulare Formation.



Estimates of the ap;e of the Corcoran have ranged from late Pliocene 

to Pleistocene. Frink and Kues (195^, p. 236?) believed the Corcoran 

to be of 1 leistocene age. Later, mainly on the basis of Lohman's diatom 

evidence.Davis and others (1959, p. 78) reported it to be of 

late Pliocene age. .^ull (19$*> p. 1^5) stated that pumice pebbles 

exposed near Friant that are correlated with a volcanic ash immediately 

overlying the Corcoran contain sanidine crystals dated by G. B. Dalrymple, 

using potassium-argon methods, at 600,000 ± 20,000 years. In 1.96k 9 

Cliarles Hall of the U.S. Bureau of Reclamation (oral common., 19^5) 

discovered vertebrate remains in the Corcoran, vhich was exposed by the 

San Luis Canal excavation about 15 miles northwest of Mendota. The 

remains, according to Dr 0 John Mawby, University of California at Berkeley, 

(written coraraun., 1967), are either of middle Pleistocene (irvingtonian) 

age or of late Pleistocene (Rancholabrean) age. Although the diatom 

evidence of Lohman (Davis and others, 1959> ?  77-78) suggests a late 

Pliocene age, the dating of the sanidine crystals and the vertebrate 

remains proves a Pleistocene age for th£ Corcoran.

The C and A clays are less extensive (fig. 17) and of less hydrologic 

importance than the E clay. In the western part of the area, however, 

they each underlie about 120 square rdles at a lesser depth than the

E clay (figs. 8 end 10) and thers are of considerable hydrologic 

importance.
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Younger alluvium.--The younger alluvium is of Holocene age, at least 

rrc the .surface, and is a "Chin sedimentary deposit of fluvial, arkosic

beds that lies unconformably over the older alluvium and is interbedded
 v 

with the flood-basin deposits. In audition, most everywhere in the area

it includes Hanford, Merced, and some Fresno sandy loam soils which, 

except for the Fresno sandy loam, contain little or no hardpan 

(Strahorn and others, 1912, p. 2135-21^5). T*16 younger alluvium ranges 

in thickness from 0 to about 70 feet when it is defined as that material, 

exclusive of flood-basin deposits, 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.

Several shallow domestic wells in the Riverdale area derive water 

fro"! the younger alluvium, but east of Ilendotg only a few stock and 

domestic wells derive water from it. Yields to these wells probably 

range from about 100 to 700 gpm, as in the Hanford-Visalia area 

(Croft and Gordon, 1968, p. 86). Analyses of three undisturbed 

surface samples of the younger alluvium, table 10, indicate that beneath 

rive^ channels the younger alluvium is highly permeable, but that locally 

beneath flood plains it may be poorly permeable c

68- 5Q
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Flood-basin deposits. The flood-basin deposits of Holocene age crop 

out as o narrow belt elong the Freeno Slough Bypass (fig. 7)- They 

consist of intercalated lenses of bluish gray, and in some places 

yellovish brown, fine sand, silt, and clay; end although in many places 

lenses of fine sand 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 clay and are 

interbedded with the younger alluvium. They range in thickness from 

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

of the younger alluvium, overlying the A clay.

/ery few, if any, vellc derive -water exclusively from the flood- 

basin deposits co that yields to wells fro?: then are not kno:~n. But, 

based on lithology, yields to -.-ells probably would be low. Furthermore, 

analysis of a surface sample (table 11) indicates that the permeability 

of the flood-basin deposits is very low.

7-1
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Sand dimes. The sand dunes are surficial deposits that crop out 

et the southeastern and central parts of the Fresno area (fig. T). 

They range in thickness from 0 to about 30 feet and In most places lie 

above the water table. An analysis of them (table 12) indicates that 

locally the send dunes are veil sorted and moderately permeable5 therefore 

they probably would not hinder any recharge operationr,.
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Geologic Structures

The geologic structure of the Presno area may be divided into that 

of the basement complex and that of overlying sedimentary rocks and 

deposits. Although the basement complex has been faulted end jointed, 

its dominant structure is the back slope of the southwestward-tilting- 

fault block that is the Sierra Nevada (Smith, 1964), and although some 

of the overlying sedimentary rocks and deposits have been folded and 

faulted 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.

Ihe buried basement complex has been faulted under the valley floor 

(Hunter, 195?? pi. 2, p. 2?), end is inferred to be faulted near the 

aountain front along the eastern boundary of the area (figs. 7> snd 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 

rectangular blockc found in the basement complex that crop out along 

the mountain front and presumably underlie the buried shelf near the 

front. Jhose sets of joints, together with related fractures, permit 

the bacement complex to yield water.



The regional back slope of the Sierra Nevada and the buried shelf 

lying along the mountain 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 southwestwerd at about 1° to 2° and ranges 

in width from half a mile to about k miles (fig. 9). At the western 

edge of the shelf, the back slope of the Sierra Nevada slopes south- 

westward at about U° 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 its shallow depth, the shelf has a more immediate influence 

on the use of ground water than does the back slope.

The regional homocline on the marine and continental 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 away from each other that 

have been faulted. Structure on the marine rocks is not of immediate 

importance to the movement of fr*Bh ground water and is not discuwed 

in detail.
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HYDROLOGY

For purpor.es of this study, the ground-water reservoir is divided 

into (l) the unconfined water body, (2) the shallow water body, and 

(3) three confined water bodies (figs. 18, 19, and 20)^ Because all of 

these v/ater 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 th*» water has a 

dissolved-solids concentration greater than 2,000 milligrams per liter. 

That effective base is shown approximately in figure 32 and occurs at 

various depths below land surface.

r. he water supply in the study area includes (l) inflow, the items 

of supply from outeide the area, and (2) ground-water purapage, the water 

supplied from inside the area. Outflow is the disposal of water from
*

the study area. In the discussion of inflow, outflow, and purapage, 

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 I960, as a 

year when the supply was much smaller. The results of quantitative 

estimates of the principal items of water supply and disposal in the 

study area are presented in figure 2k.
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Occurrence of Ground Water 

Unconfined V,rater 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 as that in a nearby well 

that is 400 feet deep. Thus defined, the large, unconfined water body occurs 

pertly within the younger alluvium and the flood-basin deposits, but 

mostly within that part of the older alluvium that is not interbedded 

with lacustrine and marsh deposits. Its lower boundary is considered
-V

LY*& sh 
to be the base of the saBbetot* water (fig. 32).

"ecause the geologic units tint ccnpore the unconfined -writer body 

are both lenticular and gradational in texture, the details of ground- 

water occurrence differ from place to place. Sedimentary deposits 

underlain exclusively by the F clay probably contain a serniconfined 

water body. In the area under le in by the T 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 aquifer tests r^.ade by the Geological Survey and by Nolte 

(1957^ rudest ce<-:iconfined conditions . "oite ;'1957, p. 73^ stated 

"...aquifer test.: confir^ the finding:: of the geologic investi potion; 

th:;t ir., that the water-bearing sands ;-re locally confined by extensive 

c'.ay layers j but regionally the sands constitute an interconnected

79



Shallow Water Body

In the extreme northwestern end southwestern parts of the study 

area 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
 v 

greater depth. For example, in the fall of 1963 the depth to water

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

xrtiereas, that in nearby well 18B/19E-UB1, about kfO feet In depth, 

was about 100 feet. Occurring only in the younger alluvium and probably 

the flood-basin deposits in the western pert of the area, the shallow 

water body is everywhere supported by the A clay and probably is semi- 

perched, but in places the shallow water body may actually be a 

perched xmter body, that is, it mey be separated from the underlying 

body of ground water by unseturated 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 area, 

but it is well defined in the extreme southwestern part of the area 

(fi£. 20). However, to the west and out of the extreme central western 

part of the Fresno area, John Glavinovich (written commun., 196U) of the 

California Department of Water Resources drilled a number of shallow 

test wells that indicated water levels ranging in depth from 10 to 20 feet 

. he shallow water there is supported by the virtually inpermeable flood- 

b-Tin deporits. In the northwestern part of the area, only a feT.': shallow 

veils were located, but all of ther.i indicated water levels ranging in 

depth fror. about 10 to 30 feet.



Confined Water Bodies *

he confined water bodies are (l) the confined water body below 

the A clay, (2) that below the C clay, and (3) that below the K clay, 

ihese water bodies are identified by head differences in nearby wells.

 or example, in the fall of 1963, the water level in well 17S/19E-15P1 

(fi<;. 19), perforated only in the interval between the A and C clay, 

was about lh feet higher than that in well 17S/19E-15P2 (fig. 19), 

perforated only below the C clay. Also, the heads in the four wells 

that are perforated below the E clay exclusively, 13S/15E-35E3, 

14F/15F-25K3, 17S/19E-13P1 and 18K1 (fig. 19), are lower than those in 

any nearby wells. For example, figure 21 indicates that the head in 

well 13f/15F,-35E3 has been consistently lower than heads in associated 

veils .c ince at least 1951. Likewise, in the fall of 19ol the head in

-./ell 17F/19F-13P1, which is about 1,000 feet deep, was about ^9 feet 

lower than that in nearby well 17S/19E-13P2, which is about l6o feet 

c-eep. Also, in the fall of 1963, the head in well 17S/19E-18K1, which 

is about 520 feet deep, was about 6 feet lower than that in nearby well 

17S/19F-18K2, which is about 275 feet deep. These examples also indicate 

th; j t the head in an underlying water body ir lower than that in any 

overlying w^ter body.



Other indicators of the confined water bodies are the large seasonal 

fluctuations of water levels in wells 13S/15E-35E2 and 17P/19F-3^0,1 

'fig. 21). "Ihese water-level fluctuations are characteristic of a 

confined water body that is being pumped seasonally. Water-level 

fluctuations in well 13S/15F-35K2 indicate confinement in the water body 

below the C clay; however water-level fluctuations in well 17S/19E-3^Q.l, 

although indicating confinement, record fluctuations 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 alluvium 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 southwestern part.

Ihe confined water body below the E 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 area (Davis and Poland, 1957, pi. 28), 

which lies to the west, suggest that the potentioraetric surface in the 

vresno area slopes southwestward.
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Movement of Ground Water

Under natural pre-development conditions ground water in the Fresno 

nrea moved generally couthwestward from the mountains toward the valley 

trough. Beneath the western part of the area, within a belt ranging in 

width from about 12 to Ik miles, artesian conditions caused some water 

to move slowly upward from the confined water body toward the surface.
 V

Water-level contours by Lippincott (1902, pi. 5) indicated that 

ground water noved toward the channels of the San Jsaquin and Kings 

Rivers along the mountain front as well as southwestward. Mendenhall 

and others (I91o, pi. l) showed that some ground water moved northwestward 

out of the area along the mountain front.

Additional studies in 1925, 1929, and 1952 showed that pumping 

depressions had developed near Fresno, Raisin City, and Orange Cove 

causing local changes in directions of ground-water movement.

Ground-water movement in October 1963 was southvertward tovard 

the valley trough (fig. 19). Also, ground water in the unconfined water 

body moved towerd pumping depressions near Fresno and near the Raisin City. 

C-round woter within the shallow water body moved northwestward into the 

unconfined water body in the southwestern part of the area and moved toward 

the center of a depreccion in the northwestern pert (fig. 20), In addition, 

sone ground water moved downward through the A, r, and F clays into the 

underlying water bodies where pressure head had been greatly lowered by 

pu-.iping.
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Inflow

Effective Precipitation

 v 

The major items of inflow, water supplied from outside the study

area, include precipitetion, ground-water underflow into the area, 

artificial recharge, imported water delivered via canals, and seepage 

losses from canals, streams, and river channels. Water in transit 

through the area is ignored. That part of precipitetion that penetrates 

into and possibly below the deep root zone is effective precipitation. 

Ihe quantity of effective precipitation directly recharging the shallow 

and unconfined water bodies is not known. Because soil -moisture in the 

Frssno arec ^enerclly is deficient, infiltration of precipitetion to 

the shallo*.-/ and unconfined water bodies probably is not significant.

Following the suggestion of Blaney (1928, p. 15^), effective 

precipitation was computed by deducting 0.5 inch of precipitation from 

the total precipitation of each stor^i at a given weather station. 

Then effective precipitation for the area was computed by prorating 

the effective precipitation between each weather station (fig. 3). 

"'ecause effective precipitation probably does contribute to the water 

needs of crops, it is p?.rt of the total water supply of the area.



r.he figures for effective precipitation in the following table 

and figure 2U 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 195& when surface-water deliveries were 

large and for I960 when r.urfece water deliveries were relatively small.

Agricultural year 1958 I960

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



Underflow

Water-level contours indicate little underflow into the area 

'.'fig. 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 Friant- 

Kern Canal. 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). Because 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 because permeability varies so greatly 

in the older alluvium (table 8), the quantity was not computed. Large 

crocs sectional areas, lithologic data indicating moderately high 

permeabilities, and knovn hydraulic gradients in the older alluvium, 

however, assure that large quantities of water are recharging the confined 

water bodies.



Artificial Recherge

Davic and others (196U, p. ^9) said that six wells in the city 

of Fresno recharge about 2,000 acre-feet annually to the unconfined 

water body. Most of those 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 to the area.

Holte (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, 

Quantitative 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 District operates about 125 acres of ponds 

for flood control.

Personnel from the Fresno Irrigation District estimate that a 

spreading basin of about 20 acres near Fresno, when in operation, 

recharges the ground-water reservoir at a rate of about 1 acre-foot 

per acre per day.



he Consolidated Irrigation Pirtrict operates about 1,100 acres 

of .spreading basins alone relict stream channels near Se-L.ia. Personnel 

from the district estimate that it takes a flow of about 300 cfs (cubic 

feet per cecond) to maintain a constant water level in these basins 

when they are full. In 196*3 about 30,000 acre-feet of water was spread 

in the basins.

Quantitative data are not available to tabulate input to spreading 

basins, but are part of the total quantity of surface water delivered 

to the study area.
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Canals

A vast network of canals covers ;nost of the Fresno area, Because 

the canals are so numerous, most of them are not shown in figure 19. 

Looses fro:n canals as estimated by personnel of the Fresno Irrigation 

District (oral commun., 19&3) are about 20 to 25 percent, and losses 

from canals as estimated by personnel of the Consolidated Irrigation 

District (oral commun., 19&3) are about 35 percent. Davis and others 

(196^, 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 losses from only the Friant-Kern Canal have been estimated. 

Curface water delivered to the Fresno area in agricultural year 195^ 

totaled about 1,3^-0,000 acre-feet; vhereas, in 19^0 it totaled only

about 5oO,000 ecre-feet (fig. 2*f). Most, if not all, of the delivered surface 
water was used for agriculture.

Records from a series of gages along the Friant-Kern Canal, which

diverts water from the San Joaquin River, were used by the U.S. rureau

of Reclamation to compute the total losses for the entire 152-mile length

of the canal. These losses were about 21,000 acre-feet in calendar

year 195$ end about 31,000 acre-feet in I960, losses of 1.7 snd 5.7 percent,

respectively, according to Mr. L. F. Hancock of the Bureau of Reclamation 

(oral commun., 19'J C ) . About 57 miles of the canal, or about 38 percent, 

lies within the Fresno area. Prorated on length, in the Fresno area in 

calendar year 195?, the unconfined water body gained about 8,000 acre-feet 

and in 19'JO, about 12,000 acre-feet from the Friant-Kern Canal. Losses in 

agriculture.! years 1958 and 1960 probably were similar.
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f-tream and -\iver 'Tiannels

' he shallow and unconfined water bodier. receive nmall quantitier of 

water I'ro: reepage in channels of small interrdttent streams and much 

larger quantities from seepage in the channels of the San Joaquin and 

Kings Rivers. 7 .r et seepage losses are shown in figure 2k.

h'trearnflov in the intermittent stream channels generally is too 

small to be considered an important source of inflow to the area, 

/or example, Mr. Harold Hill of the Fresno Irrigation District (oral 

oommun., ISok] estimated that from 1957 to Ityok a total of only 

t?,l80 acre-feet, all delivered in 1958, was distributed from the runoff 

oi' i ry and Dog Creeks which flows into Dry Creek Reservoir (not shown)

-oout 12 miles northeast of Fresno. Farther couth, runoff in Cand Creek

~..as aoout ^,100 acre-feet in agricultural yerr Ir'5'3 "but only about

10 ecre-i'eet in 19oO (U.S. Bureau of Reclamation, written coramun., 1965).

*ir. M. C. Boyer, Natural Resources Coordinator for Fresno County, 

computed an average yearly runoff of 3£>000 acre-feet for foothill 

streams for the period 1939-61 and estimated a 20-year minimum of 

20,000 acre-feet (written commun., 1963).

Seepage from river channels is much larger than the quantity from 

intermittent streams and varies considerably along any given reach of 

river channel (fig. 22). Figure 22 indicates accretions or depletions 

between three gaging stations along two reaches of the £.n Joaquin River 

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



Accretion and depletion date were assembled from the bulletins of 

the California Deportment of Water 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 are considered to be 

mostly gains 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 canal diversions; here they are considered to 

be mostly losses from the river and gains to the shallow or iinconfined 

water body--a losing stream. Evaporation losses from open-water 

surfaces and transpiration by noncrop vegetation may be about 5 percent 

of the difference between supply and total consumptive use (Davls and 

others, 1964, p. 101).

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

becomes more of a losing stream farther downstream.



In addition to the reaches shown in figure 22, large quantities of 

vater probably recharge the ground-water reservoir along the San Joaquin 

River between caging stations at Whitehouse and near Mendota Dam, which 

is about 2-p~ miles downstream from Mendota Dam (fig. 19) and at Mendota 

Pool. Because the station near Mendota is out of the area and because 

of lack of data, gains or losses to local ground-water bodies in this 

vicinity are not estimated. Some natural recharge, not indicated in 

figure 22, also occurs downstream from below Lemoore Weir along the 

Kings River and the Fresno Slough Bypass as indicated in the following 

table:

(all quantities in acre-feet)

Gaging stations

oelow Leraoore Weir
to below Island Weir

Below Island Weir 
to below Crescent Weir

Below Crescent Weir 
to James Weiri/

]Net gain to local ground- water bodies

: Agricultural
i 1958 :

**Oi fw*\
X T   \S\s\J

6,000

2^,000

year
I960

<2,000

< 200

0

1. Along Vresno Slough Bypass. -v

In addition to n-tursl recharge frc-i the clr.nnel of the Kings River, 

:-n °--:ile rench of the river- immediDtely south-.rect of ,S. Kighwey 99 

:i.°." been -llered vioh four check da^.j to be need for artificial recharge 

(Croft and Gordon, 1968, p. l6l). r n c- lender year 1953,

1°,000 -:ere-feet of water diverted into the channel were absorbed in the
t

firct >' -jLlec.
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Outflow 

Discharge to Gtreains

Outflow includes all the items that make a demand on the water 

supply of the area such as discharge from ground water to streams, 

underflow out of the area, and evapotranspiration demand or consumptive 

use.

Accretions are considered to be losses from ground-water bodies 

and gains to streamflow, although some accretion may be from bank 

storage rather than from ground-water bodies.

Gross accretions to the San Joaquin River from local ground-water 

bodies in agricultural year 1958 were about 8,000 acre-feet, but in 

19oO there were no accretions. Losses from local ground-water bodies 

along the lower reaches of the San Joaquin River between gaging stations 

at Whitehouse and near Mendota Dam were not estimated.

Gross accretions to the Kings River from local ground-water bodies, 

in agricultural year 1958, were about 80,000 acre-feet, and in I960, 

about 10,000 acre-feet. Of those gross accretions, about 60,000 acre-feet 

in 1958 and 7,000, in I960 were recorded at Reedley Narrows (fig. 22) 

indicating that most locses from local ground-water bodies occur in the 

Centerville " ottons subarea (fig.^2^).
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Underflow out of the Area

Water-level contours indicate that the shallow water body does not 

discharge water from the Fresno area, but that the unconfined and the 

confined water bodies 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.

Examination of water-level contours shows that the unconfined water 

body discharges water locally beneath the southeastern boundary of the 

area east of the Kings River. On the same basis, the confined water 

bodies below the A and C clays discharge water from the area mainly 

toward the southwest.

Because of lack of data, water-level contours are not indicated 

for the potentiometrie surface of the confined water body below the 

E clay. However, Davls and Poland (1957, pi. 28) illustrated water- 

level contours for their lower water-bearing "feone which is comparable 

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 was discharging toward the southwest beneath the entire 

western boundary of the area.
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In addition, Devie and Poland (1957, p. kk5-kk6, pi. 28) estimated 

the quantity of water moving in their lover water-bearing zone, across 

a percolation face that about parallels the western boundary of the 

Preeno area, to be on the order of 150,000 to 200,000 aere-feet per year. 

A water-level contour map for December of 19&2, prepared by R, L. Ireland 

of the Geological Survey (written commun., 1962), indicated that the 

hydraulic gradient was about IT feet per mile. The length of the 

percolation face paralleling the western boundary of the Freeno area

is about 38 milee or about 5^ percent of the length of the entire
*

percolation face of Davla and Poland (1957, pl« 28). Prorated, the 

quantity of water flowing across the percolation face from the confined 

water body below the E clay in the Fresno area ia estimated to be about 

80,000 to 110,000 acre-feet per year.
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Evapotraru:pirntion Penand

Fvapotranspirotion demand, or consumptive use, includes all 

evaporation and transpiration losses from vegetation and land surfaces. 

Locser, such as evaporation from open-water surfaces and transpiration 

by noncrop vegetation were not computed, although Davis and others 

fl96^, p. 101) estimated those losses to be about 5 percent of the 

difference between supply and total consumptive use. Evapotranspiration 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 California Department of Water Resources, 

and unit consumptive use of each crop was indicated in a table (written 

comun., California Dept. Water Resources, 19^-0 . '..he product of unit

cor.curaptive use and acreage for each crop was summed to get the estimated 

evapotranspiration for each of nine hydrologic subareas, and the totals 

for each subarea were summed to get the estimated evapotranspiration for 

the entire Fresno area.

Evapotranspiration demand totaled about 1,620,(XX) acre-feet in 

calendar year 1958 and was assumed to be the same in agricultural year 1958 

(fig. 2^). Since 1957, at least, irrigated acreage in eastern Fresno 

County has been increasing at a rate of about 2.3 percent per year 

according to dats supplied by Mr. C. ".. Poyer, 'Natural Resources 

nordinator of Fresno County (-.-.Titten comnun., 19^'0   This increase is 

reflected in figure C^. For exarrple, in 19^0, evopotranspiration demand 

vac about 1,700,000 acre-feet--nil increase of about 80,000 acre-feet 

over thnt of 1958.
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Puirpage

Ground-water pumpage for agricultural use in the Fresno 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 OJ4 acre-foot per year.

Total agricultural ground-water pumpage in the Fresno area was 

determined by averaging the totals from two slight3^r different methods 

for computing ground-water pumpage. In agricultural year 19^2, 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 Electric Co. 

corputed ground-water pumpage for each of four pumping districts, parts 

or all of which lie within the Fresno area. By prorating on the basis 

of the area! 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 

10 percent. Averaging the two figures, total agricultural ground-water 

pump age in the Fresno area in agricultural year 1962 was considered to 

be about 2,0^0,000 acre-feet.

TLe 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.



Ground-water puinpage for the Fresno and Selma municipal areas Is 

raetered. On the basis of the I960 population and the quantity of ground water 

pumped, the per capita factor, including all uses of ground water for 

each of these two communities, was about 0.4 acre-foot per year.

Because the population of Selma approximates that of the other small
municipal

communities in the area, this figure was used to approximate/ground- 

water pumpege in these communities. Thus, for the town of Sanger, 

which had a population of 8,533 in 19^0, ground-water pumpage was 

computed to be about ^ fkOO acre-feet. In agricultural year 1960 total 

municipal pumpege in the Fresno area waa about 95,000 acre-feet.

As shown on table l6, rronicipal pn: oe;;e has remained relatively 

constant as co?np»red to agricultural purrpase. In figure 2k, only 

agricultural pu'upage is shown in order to emphasize the close relation 

to items of supply, and because consumptive, use in urban areas was not 

estimated.
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Table 16. Ground-water pumpage in the Fresno area 

for agricultural yeare 1958 and I960 

(All quantities in acre-feet)

Subarea 1958 I960

Friant

Agricultural 

Municipal

Academy

Agricultural

Municipal

Orange Cove

Agricultural

Municipal

Centerville

Agricultural

Municipal

Riverdale

Agricultural

Municipal

Raisin City

Agricultural 

Municipal

12,000 

(a)

52,000 

(a)

114,000

2,000

28,000 

(a)

87,000

1,000

517,000 

(a)

18,000 

(a)

74,000 

(a)

164,000

2,000

41,000 

(a)

126,000

1,000

746,000 

(a)

117 
(117A follows)



Table 16. Ground-vater pumpege In the Fresno area for 

agricultural years 1958 and I960 Continued 

(All quantities in acre-feet)

Subarea 195 £

Reedley

3 * I960

Agricultural 210,000 302,000

Municipal 5,000 . 5,000

Selma

Agricultural 381,000 5^9,000

Municipal 10,000 10,000

Clovis

Agricultural 343,000 1*95,000

Municipal bT2,000 bT6,000

Agricultural total 1,7M*,000 2,515,000 
Municipal total   c90,000 c9^,000

Rounded total 1,830,000 2,610,000

a. Lsss than 500 ocre-feet.

b. Includes suburban area around Fresno.

c. Does not include eubareas with municpal pumpage less 
than 500 acre-feet.
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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 and, 

consequently, the difference between inflow and outflow shown in figure 2^ 

includes the change in storage and the cumulative effect of all 

unevaluated items.

Assuming tha*t the difference is change in storage, then for the 

period of record shown in figure 2k , the Fresno area had a net loss from 

storage of 2,890,000 acre-feet of water. Using water-level contour maps 

of the California Department Water Resources (written common., 1957, 

19'->3) t ^ne 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 1^,300,000 acre-feet. 

Dividing this volume into the loss from storage, the coefficient of 

storage is about 20 percent. Under water-table conditions, 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 specific 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 soil moisture content, changes in surface-water storage, and 

tiiil^ate losses from irrigation systems also are included.



Weter-Level Fluctuations

Water-level fluctuations in the Fresno area are caused primarily 

by changes in demand on the ground-water reservoir and by changes in

supply or recharge to the reservoir. Other causes of fluctuations such
and others, 

as loading and changes in barometric pressure (Ferris/ 1962, p. 80-88)

which may be important in individual 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 surface water is added to the ground- 

water reservoir and generally water levels rise (fig. 24); but if 

surface-water supplies are less than evapotranspiration demand, the 

additional water necessary to meet the demand is subtracted from the 

reservoir by ground-water pumpege and generally water levels decline 

(fig. 2k).

In actual practice both surface water and ground water are used 

to irrigate crops so that after satisfying evapotranspiration demand, 

water infiltrating to the ground-water reservoir from irrigated fields- 

irrigation return consists of both surface and ground water. Neverthe 

less, if effective precipitation and surface-water supplies have not 

exceeded evapotranspiration demand, water levels will decline.
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Seasonal and Long-Term Fluctuations

Unconfined water body

A general trend of high-water level in the winter and early spring 

and 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

13S/22E-13A1, 1US/20E-11F1, and 15S/25E-31A1 as well as that of
21, 

14S/18E-8J1 (figs. 19,/23, and 24). However, hydrographs of wells

15S/21E-35R1 and 15S/23E-35D1 indicate that in parts of the Selma and 

Reedley subarees surface-water deliveries probably are in excess of

demand until about August when water levels begin to decline "(fig8   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 fluctuations have been as much as k-k feet (fig. 21). 

Seasonal fluctuations of water level in well 14S/20E-11F1, located 

within the perennial pumping depression around Fresno, generally have 

increased from about 6 feet prior to 19^-9 to about 10 feet and more 

after 19^9 (fig. 23). This increase in seasonal fluctuation probably is 

due to lack of surface water, greater demand for water in the city, and 

numerous clay lenses exerting partial confinement of ground water. On 

the other hand, seasonal fluctuation in well 15S/25E-18R2 located in 

the Orange Cove subarea, has decreased from 35 to 44 feet prior to 19^9 

to 3 to 6 feet after 19^9 (fig. 21). This decrease in seasonal fluctua 

tion IB due primarily to a large local increase in surface-water 

deliveries during and after 19^9. The large, seasonal fluctuation 

prior to 19^9 probably was due to ground-water pumpege as a primary 

source of water, semiconfined conditions caused by the numerous local 

clay lenses, and according to Davis and others (1959> P» 113) by a veil 

being pumped only 100 feet away.
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Long-term fluctuations of water level in the unconfined water body 

generally have reflected the quantity of streamflow in the Kings River; 

that is, water levels in wells rise during periods of above average 

streamflow and decline during periods of below average streamflow 

(Davis and others, 1959, pis. 18 and 19) (fig. 23). However, Davls 

and others (1959, P« 107, pi. 18) indicate that water levels in wells 

near the city of FTesno have declined steadily since about 19^-3, although 

irrigation had been above normal during much of the time. Davls and

others (1959, P- 105) attributed the declines in the municipal area 

of Fresno to (a) increased local irrigation demand, (b) increased 

recharge to the confined aquifer beneath the E clay, (c) increased 

underflow to the area north of the San Joaquin River, and (d) increased 

ground-water draft in the city of Fresno to meet increased industrial 

and domestic demands. Hydrographs of wells 15S/1TE-15R1 and 16S/19E-26A1 

in the Raisin City subarea indicate a similar decline from about 19^6 to 

1963 (figs. 21, 2*4-)  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. 2*4-).

This trend of declining water level is reversible, as indicated by 

the water level in well 14S/20E-11F1, from 1955 to 1958 (figs. 23, 2*0,

and by the water level in well 15S/25E-18R2 located in the Orange Cove s

subarea (figs. 19, 21). Prior tc July 19*4-9 ground water was the prin 

cipal source for irrigation water in this eubares, but after July 

the Bureau of Reclamation began to deliver surfsee water, which 

immediately caused water levels to rise.

121



Shallow water body

Seasonal fluctuations of water level within the shallow water body 

in the northwestern pert of the area do not indicate a cyclic fluctua 

tion as do those within the unconflned water body. This lack of cyclic 

fluctuation indicates that ground-water pumpage within this water body 

is not very large. However, as illustrated by the hydrograph of well 

1^S/15E-25H1 (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 probably is due to irrigation return.

Long-term fluctuations of water level in the shallov water body in 

the northwestern pert of the area indicate that the water level generally

has remained constant (fig. 21), although the water level declined about
* 

9 feet in well 1US/15E-25H1 in March 1955- Long-term fluctuations of

water level in the shallow water body in the southwestern part of the 

area ere not known because of lack of data. Because of the delivery of , 

surface water to this part of the area, however, the trend of long-term 

fluctuations probably reflect the trend of the accumulated departure 

curve of the Kings River (fig. 23).



Confined 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 

13S/15E-35E1 and 17S/19E-3)4Q1, 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 about 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 surface-water deliveries' 

were large, to about 65 feet during 1959> when surface-water deliveries 

were small (figs. 21, 2*0. Generally, the water level in well 13S/15E-35E2 

ranges in seasonal fluctuations from about 30 to 50 feet, and the 

water level in well 17S/19F-3^Q1 ranges from about 50 to 70 feet. The 

large fluctuations in both wells are due to the confinement of the water 

bodice; the larger fluctuations in well 17S/19E-3^Q1 probably are due to 

greater local ground-water purnpage.



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 records were started in 1950 and 1951, water-level measurements 

in veil 13S/15r;-35El indicate a general decline of about 2 feet per year; 

thoce in well 17S/19E-3UQ1 indicate a decline of about 3 feet per year 

(*lS. 21). During the wet year of 1958, however, the water level in 

v/ell 17S/19E-3^Q1 rose to higher levels than in previous years. This 

rice in water level indicates that large deliveries of surface water 

coupled with reduced ground-vater purapage will cause water levels to 

rice in these water bodies.
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fluctuations of water level .:ithin the confined water body 

below the F clvy in the northwestern prrt of the area indicate that the 

water l°vel gener-lly is highest during the winter and early spring and 

lowest during late runner and early autumn. Seasonal fluctuations in the 

southwestern p-^rt of the area probably parallel those in the northwestern 

part, although local, long-term, water-level records are not available, 

because 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 below the E clay 

?e:ieraliy range in seasonal fluctuation from about 5 to 15 f.eet as

indicated by hydrographs of wells 13S/15E-35E3 and 14S/15E-25H3
*

(figs. 19, 21). Thin relatively small range in fluctuations is another 

indicator that local ground-water pumpage from this confined water is 

small.

Long-term records of water levels in the confined water body below 

th" F clay have indicated a general decline: Since records were started 

in 1951, the water level in well 13S/15E-35E3 has declined at a rate of 

about 5 feet per year; that in well lte/15D-25H3 has declined at about 

3 feet per year. The water level in well 1^S/25F-25H3, however, recovered 

about 3 feet during 1958 when surface-water deliveries to the Fresno area 

were large 'figs. 21, 2U).

1 «~>CT-1 o-
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Chort-Term Fluctuations Related to Supply and 

Demand Within dubareas -v

The I'resno area was divided into nine subareas in order to relate 

-.urf-ice-woter deliveries, effective precipitation, seepage, 

evapotranrpiration, and ground-water punpage to short-term fluctuations 

of water levels in wells in specific areas (fig. 2U). Boundaries of 

<~-nch subarea were made to nearly coincide with those of irrigation 

districts for convenience in totaling the large quantities of surface 

water involved and in relating those quantities to irrigated areas and 

tliuG to evapotranspiration demand. Figure 2^ also indicates irrigated areas 

and .areas of evopotr-mspirntion demand. In increasing order, according 

to the quantity of surface water and effective precipitation, that they 

receive, are the following subtrees: Friant, Academy, Orange Co/e, 

Centerville bottoms, Rivferdale, Raisin City, Reedley, Selma, and Clovie.

In some subareas, such as Reedley, water levels are shown to rise 

in agricultural year 19o2 despite the fact that outflow is shown to be 

larger th:m inflow. One explanation for this anomaly is that the 

calculated value for evapotranspiration -outflow may be too 

high for these r>ubareas and, consequently, inflow may have been larger 

than outflow.
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WATER QUALITY

This part of the report includes identification and description of 

water-quality zones with special 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 shown in table 1?.

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: 

(l) "Calcium bicarbonate" designates a water in which calcium amounts 

to 50 percent or more of the cations and bicarbonate to 50 percent or 

more of the anions, in chemical equivalents; (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 to 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 classification of water can be shown by use of a 

trilinear graph similar to one described by Piper (19^, p. 91^-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 chenical types of water from different sources.
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Surface Weter
-v

All surface water in the Fresno area is a bicarbonate type water, 

However, water in intermittent streams generally has 

higher dissolved-solids content then that in perennial streams.



Intermittent Streams

Wntor in intermittent streams hqs higher dissolved-solids content 

and different cstion 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 

granitic and metaniorphic rock, including serpentine. Water in those 

streams, probably as a result of deriving large quantities of magnesium 

from serpentine, is mostly a magnesium, magnesium calcium, or calcium 

na^nesiu-i bicarbonate water (fig. 27). However, water in Little Dry 

Creek, which drains mostly granitic rocks, is a calcium sodium 

'.:!carbonate water. Chloride content ranges from about 1 to 22 mg/1 

(V-'llif-rams per liter)-/ in these streams, and dissolved-solids content 

ranges frorr: about ^5 to UOO mg/1 or about 2 to 9 times the dissolved- 

solids co!:ter;t 'In the perennial streams.

_/ For vater analyses used in this report milligrams per liter (mg/l) 

are considered equivalent to parts per rr.illion (ppm).



Intermittent streams south of the Kings River also are underlain 

by granitic and metamorphic rocks. Water in these streams, probably 

QB o result of deriving dissolved solids mostly from 

granitic rather then metamorphic rocks, is predominately a calcium 

sodium bicarbonate type (fig. 27). However, from 19^9 to 19^3 > 

35 percent of the analyses of water from Sand Creek indicated a 

calcium magnesium or a magnesium calcium bicarbonate type. These 

types of water probably are a result of variations in flow from areas 

underlain in part by serpentine. Chloride content for these streams 

ranges from about 11 to 90 mg^l, and dissolved solids, from about 220 to 

570 ng/1 which is about 6 to 10 times that in the perennial streams.



Perennial Streams

Water in the San Joaquin end the Kings Rivers drainage areas, 

underlain mostly by granitic rocks, generally is either a calcium 

sodium, sodium calcium,or a 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* released from behind

Pine Flat Dam into the Kings River as is indicated by the fact that
with 

three chemical types occur/about 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 increases in dissolved-solids content in a downstream 

direction and when the streams are gaining as shown by accretions

(fig. 26).
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"an -Jo- ; quin River

. .": ter from the San Joaquin River varies considerably in chemical 

type at each sanplin/j station. Water G a Tip led below Friant, on the 

beniG of monthly r-amp lee taken fror.i 1951 through 19o3> varied about 

equally amon^ a calciu:n sodiuin, sodium calciu-Ti, and calcium bicarbonate 

types (fig. ?7)  Rarely was the water a sodium bicarbonate type. 

Downstream near ^iola, water samples collected monthly in 1957> 195S> 

19*^0, and 19ol were mostly a sodium calcium, or magnesium bicarbonate 

type (fifi. 2? 1'. Farther downstream at \-Jhitehouse, analyses of water 

made during 1957-19o2 were inadequate to draw any conclusions concerning 

che:'.iical character other than to indicate that dissolved solids 

concentration at ';.1iitehouce probably is larger than that near Eiola.
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Increase in dissolved solids and range of ion concentration between 

water quality sampling stations on the San Joaquin River are shown on 

the following tables:

Sampling station

Below FT t ant

Near Blola

At Whitehouee

Date Total 
dissolved solids fng/

May 4, I960 1*3

Mcy 1-11, I960 60

May 24, 1960 ?6

 

Ion

Calcium

Magnesium

Sodium

Potassium

Carbonate

Bicarbonate

Sulfate

Chloride

Fluor ide

Nitrate

Boron

Dissolved solids 
(Range in. mg/l) , 

Below Friant^/ Near Biolai/

2.8 - 5.6 2.4 - 20

.0 - 1.9 .0 - 5-6

2-6 3-12

.5 - 1.2 .7 - 3.6

.0 - .0 .0 - .0

10-29 14-66

.0 - 4.8 .0 - 7.7

1.7 - 6.5 1.5 - 15

.0 - .3 .0 - .2

.2-1 .0-4

.0 - .2 .0 - .3

1. Period of record, 1957, 195$, I960, 1961
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After 1S555> vater below Pine Flat Dam stabilized to nearly one 

type (fic» 27). This stability in type is due to the fact that vater 

of different types stored behind Pine Flat Dam beginning in 195^ 

probably nixed into one predominant type. As a result of mixing, 

during the period 1955 to 1962 , water below Pine Flat Dam was a 

calcium bicarbonate type about 95 percent of the time.

This increase in calcium bicarbonate type water also was noted 

downstream. During the period 1955 to 1962, water below Peoples Weir 

was a calcium bicarbonate type about 70 percent of the time and either 

a calcium magnesium or a calcium sodium bicarbonate type the rest of 

the time.

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

increases in total dissolved solids downstream.
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Sampling station Date
Total dissolved solids 

(mg/1)

Below Pine Flat Dam 

Below Peoples Weir

May 6, 1962 

May 6, 1962

29 

51

Ion

Calcium

Magnesium

Sodium

Potassium

Carbonate

Bicarbonate

Sulfate

Chloride

Nitrate

Boron

Dissolved solids 
(range in mg/l)

Below Fine Flat Dam J/

2.6 - 6.6

.0 - 1.6

1-4

.4 - 2.1

.0 - .0

1 - 32

.0 - 5.8

.0 - .2

.0-1

.0 - .2

Below Peoples

3.0 - 22

.0-8

1 . - 17

  5-3

.0 -

11 - 124

.0-7

.0 -

.0-1

.0 -

Weir -i/

.7

.8

.0

.0

  3

.12

1. Period of record, 1955 to 1962.
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'./round Water

In the 7'resno area, ground water adjacent to both perennial and 

intermittent streams generally is identical or cinilnr 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).

AG ground water in ( the area moves down gradient from areas of 

rech-.-ree, it exchanges soi.ie of its calcium and magnesium with sodium on 

exchange positions of clay minerals and thus increases slightly in percent 

rodiu.1. Hear the central western and southwestern parts of-the area, 

where r.odium bicarbonate water occurs, there is an abrupt increase in

crcen j rcr-'m.  ' ^ , °r7 \ In the northwestern -part o:"1 the 'irea 

near t"ie valley trough, ground water is a sodiuir. chloride type, and 

there too, an abrupt increase in percent sodium occurs as is shown on 

rreocher.ical sections b-b 1 and c-c f (figs. 28 and 29). Also in that 

area, nixing of bicarbonate and chloride water produces a chloride 

cicarbonate type or a bicarbonate chloride type water shown as a 

trLineltion type water on figure 27. Chloride water with high cli s solved- 

eoVrr content, probably due to degradation, also can be found locally 

rVove the 1 clay (fig. 30).
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In nil, ther-~ ore 1^ chemical types of ground water (including 

transitional wnter) in the Fresno srep, as determined by contouring the 

percentage reacting vrlue of each pertinent cation and anion. Transitional 

water (fig. 27) lies beneath less than 1 percent of the area, chloride 

w:?ter lies beneath a little less than k percent, and bicarbonate water 

lies beneath about 95 percent of the ares above end east of the E clay, 

excluding the shallow water body.

Chemical analyses of water for the period 1958 to 1965 at 221 well 

sites were used as control points for figure 27.

Because of the general lack of data on quality of water in the 

other geologic units, chemical types were determined mainly for the 

older alluvium. Lateral and vertical distribution of chemical types 

and dissolved-solids contents are shown on figure 27 and on geoche:nical 

sections (figs. 28 and 29).

Interpretation of electric logs suggests that the dissolved-solids 

content generally increases with depth (fig. 31^ (Davis and others, 

1959j ?  18M to where the water probably is a sodium chloride type. 

Also on the bayis of electric logs, the approximate base of fresh 

wr<ter was determined ?nd is indicated on figure 32 (see p. 157 ) 

In addition to knowing the lateral and vertical extent of various 

che-iiic: 1 types, it is desirable tn know the lateral and vertical extent 

of certain -ninerol constituents a?:d concentrations that may affect the 

use of ground water. Fluoride, boron, nitrate, and chloride, as well as 

hardness and dissolved-solids content, can affect domestic and agricultural

ure of water.
156



Chloride Type

ri.loriae .ground water ir>a,y 'be divided into that which is fresh and 

that which is saline and not suitable for most uses. Feth and others 

(196?} v. 1} consider water unsuitable for domestic use where dissolved- 

Eolils content exceeds about 2,000 mg/1. Also, the [U.S.] Federal Water 

Pollution Control Administration (1968, table IV-3) considers 2,000 mg/1 

(3 ? 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.

157



Fresh

Fresh chloride ground water occurs beneath the northwestern part 

of the c?rea. Above and below the C clay it averages about 500 ng/1 in 

dissolved-solids content, but below the E clay dissolved solids increase

to about 2,000 ng/1 (fig. 29). That area of chloride water directly
surface 

overlies the area where the saline ground-water body is nearest the land/

(fig. 32). Except where mixing is found adjacent to bicarbonate water 

type, the water is a sodium chloride type. Where chloride and bicarbonate

water mix, the water is designated as a transitional type.

Fresh chloride water above the E clay differs from that below 

the F clay in that it has lower concentrations -of sodium, calcium, 

magneGiirr:, chloride, and sulfnte (table 18) and lover die solved-solids 

content. As only a fev wells in the vresno area are perforated below the 

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

known.
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Table 18. Observed range of ion concentrations in the fresh chloride

ground water above the E clay and below the E clay

Ions

Calcium

Magnesium

Sodium

Potassium

Carbonate

Bicarbonate

Sulfate

Chloride

Fluor ide

Nitrate

Boron

Range (mg/l) , 
Above E clay i/ Below E clay -1

1.7 - 162 4.2 - 37

0 - 35 .9-57

77 - 568 529 - 620

1.2 - 12 3.2 - 5.5

0-6 0-103

107 - 279 34 - 170

.8-^3 39 340

117 - 872 730 - 7^6

.2 - .5

- 11

.1 - 1.6

1. 16 samples taken in 1960-1965.

2. 2 samples taken in 1952 and 1960.
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Fresh chloride water, in addition to occurring in the northwestern 

port of the area, also occurs locally in the southwest and south-central 

parts of the area, above and east of the F clay, respectively (fig. 27). 

Localized occurrences of chloride water in these areas suggest that 

local sources of contamination 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 increased in chloride 

concentration from 69 to 1,000 ng/1 and in hardness from 87 to 767 mg/1 

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 15S/17E-13R1, 16S/18F-26A2, 16S/19E-3Q1, and 17S/19E-5J1 probably 

is due to local sources of ground-tfeter degradation.
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The approximate base of fresh water was determined by calculating 

resistivity of water from electric logs using methods described by the 

Schlumberrjer Well Surveying Corp. (1050, p. 112), Jones, P. H. , (written 

coimun., 1952), and by Davis, G. II., (written comraun. , 1960). Depending 

upon the method used, the calculated resistivity was then converted to 

either mg/1 or specific conductance. Specific conductance of about 

3,000 rnicromhos or 2,000 mg/1 dissolved solids, calculated as sodium 

chloride, was considered to be the lower limit of fresh water (Olmsted 

and Davis, 19^1, p. 13*0. Sodium chloride type ground water with dissolved 

solids in excess of about 2,000 mg/1 is inferred to extend from the 

fresh-saline water interface (fig. 32) to the basement complex (Davis 

and others, 1959» P« 175). In fact, the saline ground water ranges in 

observed dissolved-solids content from about 2,000 mg/1 to 1+7,000 me/1. 

Individual ion 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.
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Table 19. Observed range of ion concentrations In the saline

ground water below the base of fresh water

lons ^

Calcium

Magnesium

Sodium

Potassium

Carbonate

Bicarbonate

Range (mg/1) loi

*

IB-' Range (mg/1)

5^3 - 2,190 Sulfate 0 0

126 - 832 Chloride 11,600 - 26,200

6,750 -14,800 Fluoride   .k - .6

97 - ^07 Nitrate kk - 70

0 - 0 Boron 8.3^- 57

1714. _ 569

1. Six samples taken in 1953 and 195*4. from oil wells in the Raisin 

City oil field.



Bicarbonate Type

I'resh bicarbonate 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 soirie exchange of calcium and magnesium ions in the water for sodium 

ions, causing a gradual increase in sodium. But as mentioned previously 

(see p. 155)? vhere the water becomes a sodium bicarbonate type, usually 

an abrupt increase in percent sodium occurs (figs. 27, 28, and 29). 

Bicarbonate type ground water ranges in observed dissolved-solids 

content from about 69 to 1,0^0 mg/1.
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Water Quality and Utilization

The extent to which ground-water resources of an area are utilized

depends not only on availability of ground water T*ut also on chemical
« 

quality. Standards of quality vary according to use, and water not

suitable for one use may be quite suitable for another. In the Fresno 

area, where agriculture is the main industry, standards of water quality 

must necessarily be those for both domestic and agricultural use. Where 

ground-water quality is unsuitable for domestic use and greatly limited 

for agricultural use, such as that in the underlying saline-water body, 

it cannot be utilized without appropriate modification. Locally, 

fluoride,nitrate, boron, and sodium pose problems relating to utiliza 

tion of ground water.
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Pcne r-.tic i-r.e

Water for domestic uce should not contain more than maximim 

concentrations of certain rdneral conctituentr, recommended by the 

TT .c. Public Health Service (1962), (table 20). In addition, it should 

be free of colors and noisome odors, and preferably it should be soft 

or not more than moderately hard (table 21). Except 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 

?resno area is suitable for domestic use.

Iron generally was not determined, probably because it usually 

doer? not occur in concentrations in excess of 0.3 ng/3» which-may cause 

water to be objectionable in flavor and to stain laundry. Nevertheless, 

three analyses indicate iron in excess of O.^r^/1 , well 13S/17F-1IE2 

(l.6ng/l), well 14S/15E-3K1 (1.6-1* mg/l)^nd well 16S/25E-19H3 (0.8mg/l) 

iron plus aluminum.
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Table 20.--Some standards of quality for drinking water 

(U.S. Public Health Service, 1962)

P/Maximum concentration ̂ J
Constituents -±/ (mg/l)

 j /
-±/

Manganese 0.05

Iron .3

Fluoride a.8 - 1.7

Uitrate k$

Sulfate 250

Chloride 250 

Total Bolide b500

1. Not a complete list.

2. Concentrations should not exceed those listed unless 

suitable supplies are not available.

e. Maximum varies with maximum daily air temperature.

b. Feth and others (19^5, p. l) consider about 2,000 mg/1 to 

be a limiting value for domestic use.
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Table 21. Hardness classification for domestic water

Classification

< 60 soft

6l - 120 moderately hard

121 - 180 hard

>l8l very hard
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v luuride content greater than 1.5mg/l iay result in the dental 

defect knovn ar r.ottled enamel. r 'he defect may appear on teeth of 

children vho drink water containing more than the recommended content 

of fluoride during the formation of permanent teeth (Dean, 1936» P. 1272). 

In the Fresno area, fluoride ranges from about 0 to O.Umg/1 except for 

an area soi.th of rurrel and west of Riverdele where it ranges from about 

1.2 to l*.8mg/l in water in the older alluvium above the E clay (fig. 33).

Kitrate content greater than lOnjg/1 as nitrogen or 45mg/las nitrate 

may cause nethemoglobinemia, or infant cyanosis (Walton, 1951). In the 

Fresno area, nitrate concentration ranges from about 0 to 11 rag/1 beneath 

areas close to perennial streams and along a strip about k to 6 miles wide 

east of the Fresno Slough Bypass (fig. 3*0   It ranges from about 12 to 

more than ^Orng/1 beneath large areas of the intermittent-stream fans and 

high fans of the perennial streams, including a large part of the Fresno 

metropolitan area. Nitrate exceeds ^5*ng/l in water from many wells in 

and near the Fresno metropolitan area (fig. 3^, table 22). There the 

nitrate concentration decreases with an increase in depth to about 

300 feet (California Department Water Resources, 1965, pi. 11).

The limits indicated in table 20 for sulfate, chloride, and 

dissolved-solids content are based primarily on their taste or laxative 

effects. People can, however, develop a tolerance for water containing 

lnr,;er concentrations of these constituents ('U.S. Public Health Service, 

1962, p. 32-3*0-
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Table 22. Wells yielding water having nitrate concentrations

in excess of k^> pg/1

13S/19E-2^Q1 JAS/20E- 1D1 

13S/20E-25E2 LkS/ZVE- 8A1 

13S/20E-36K1 . 15S/19E-35U-

15S/25E- 8C1
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Sulfate concentration ranges from about 0 to 93 nig/lin water within 

i.he older alluvium above the 7 clay. he largest concentration of sulfate 

ojcurr- in the older alluvium below the F clay in the western part of the 

area, where the range is from 18 to 3UOng/l (fig. 29).

Chloride ranges from less than 1 to more than 1,000rog/1 in water 

mostly within the older alluvium above the F clay. The largest concentration 

of chloride is present in sodium chloride type water near the northwestern 

part of the area (fig. 35). Large concentrations of chlorides also are 

^resent in small, unrelated, local areas, '"fig. 35).

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

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

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

approaches 2,000r_g/l. Jener-?.lly, dissolved-solids content in the chloride 

type water is larger that that in the bicarbonate type water (fig. 27). 

For example, in the chloride type water, dissolved-solids content ranges 

from about ^-3^ to 2,OOOmg/X. whereas, in the bicarbonate type, it ranges 

from about 59 "oo 1,0^-Omg/L.

"loisorne odors and colors are found in both chloride and bicarbonate 

water frorr. wells perforated in the reduced deposits of the older 

alluvium fi^. 12*'; water from wells perforated in the oxidized deposits 

ir free of the odor caused by hydrogen sulfide gas and the yellow to 

brown color often associated with water containing it. The association 

of hydrogen culfide gas with reduced and organic materials, as reported 

by well drillers, suggest that the hydrogen suifide i,c: caused by organic 

a <£ composition (Hutchinson, 1957, p. 75^-)  > although it alco can be caused 

by a reduction of sulfate 'Eaton, 1935, p. 122-125).



Agricultural use

Several factors are Important in evaluating the chemical quality 

of ground water for agricultural use. These factors include (l) con 

centration of boron, (2) sodium adsorption ratio, and (3) dissolved -

solids content.
\ 

Boron is essential in trace quantities to plant nutrition but

becomes toxic to some plants when present in amounts as small as 1.0 mg/1 

in irrigation water (Hera, 1959 > P- 121). In fact, toxiclty in boron- 

sensitive crops, such as navy beans, deciduous fruit, and nut trees,

may occur when the boron concentration is little more than 0.3
, 195^, p. 63, tables Q and Ik).
(U.S. Salinity Laboratory* / . Most plants are more tolerant than this,

"but they can be damaged by concentrations of only 2 . 0 mg/1 ( Hem , 1959? 

p. 121-122), In the Fresno area, boron concentration in ground water 

ranges from about 0 to 2.J mg/lj (fig. 3^).

Chloride type water in the older alluvium above the E clay in the north 

western part of the area, ranges in boron concentration from about 

0.2 to 1.6mg/l (figs. 34, 35). In addition, chloride water from well 

14S/15E-25H3, perforated "below the E clay, has e boron concentration of 

about 1.5 mg/1. Bicarbonate type water in the older alluvium above the E clay, 

in an area within and west of Riverdale, ranges in boron concentration 

fron about 0.5 to 1.8mg/l (fig. 3*0.
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Sodium adsorption ratio (SAR) end dissolved-solids content are 

considered in a method used by the U.S. Salinity laboratory (195^» 

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

ratio is calculated using the equation:

SAR o Na+

Ca + Mg

where all concentrations are expressed in equivalents per million. 

The SAR of a soil solution is a useful index of the sodium status or 

alkali hazard within a soil because it is related to the adsorption 

of sodium by the soil (U.S. Salinity laboratory, 195**, P» 72-7**).

Dissolved-solids content or salinity of water can be approximated 

by measuring electrical conductivity.

The above classification of irrigation water assumes that water 

will be used under average conditions with respect to soil, composition,

permeability, drainage, quantity of water applied, salt tolerance 

of crop, and climate.
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As indicated in the following classification and in figure 37 > 

(U.S. Salinity Laboratory, 195^), sodium hazard and salinity hazard 

are each divided into four classes:

Sodium hazard. 1. Low-sodium water (Si) is suitable for 

irrigation on practically all soils. Sodium-sensitive crops could 

acquire deleterious accumulations of sodium.

2. Medium-sodium water (S2) Is suitable for irrigation on permeable, 

coarse-textured,or organic soils, but it will cause a sodium hazard if 

used on fine-textured soils that have a high cation-exchange capacity 

unless the soil contains considerable quantities of gypsum.

3. High-sodium water (S3) is not suitable for irrigation on most 

soils end when used will require soil management to assure good drainage, 

high leeching, and adequate organic matter. On gypsiferous soils, this 

water may not cause harmful levels of exchangeable sodium to accumulate.

k. Very high sodium (S^) water is usually unsuitable for irriga 

tion unless it is low to medium in salinity and used on a soil containing
 V

calcium and magnesium either naturally or as an additive.



Salinity hezaru. 1. Low-salinity water (Cl) is suitable for 

irrigating most crops on all soils except those soils of extremely 

low permeability.

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 (03) Is suitable for Irrigating highly 

salt tolerant crops on adequately drained soil but salinity control 

might be required. This water is not suitable for irrigation on soil 

of restricted drainage.

k. Very high salinity water (Ck-) is suitable for irrigating very 

high salt-tolerant crops on permeable soils where excess water may be 

applied to provide leaching.

The classification diagram, (fig. 37, table 23), indicates that 

sodium chloride type ground water in the older alluvium-above the E clay 

(samples 30, 33, 3^, 35, 36, fig. 37) is poor to unsuitable for fine- 

textured soils unless gypsum is added to the soil where It is of 

moderate permeability and has good drainage. Sample 30 indicates a 

water that is suitable for moderately salt tolerant crops, but samples 

33 1 3^- 1 35 > and 36, indicate a water that is suitable only for highly 

salt tolerant crops. *
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Sodium chloride type ground water (plot 29, fig. 37) below the 

E cloy and above the saline-water body is unsuitable for most crops 

except very highly salt tolerant crops on a gypsiferous soil.

Sodium bicarbonate type ground water in the older alluvium above the 

E cloy (samples IT, 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 salinity hazard. However, sample 17 represents water 

that is suitable for most crops and moat soils. The other samples 

indicate water that is unsuitable for irrigation on fine-textured 

soils unless soil-management requirements are met and moderately salt 

tolerant crops are grown.

On the other hand, other types of bicarbonate type ground water above 

and east of the clay (samples 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

Sample index 
number Well number Date of 

collection

Depth or 
perforated 
interval 
(feet)

6

7

8

9

10

26

Magnesium bicarbonate

13S/22E-14D1 8- 8-63
ik 

13S/22E-28C2 7- 2-60

Magnesium calcium bicarbonate 

12S/22E-20B1 8- 8-63 

13S/20E-23B1 6-10-6k 

13S/2LE-33K1 7-21-60

Calcium bicarbonate 

15S/21E-27R1 6-15-6U 

16S/21E-35P1 8- 9-63

Calcium magnesium bicarbonate 

12S/21E-17L1 6- $-6k 

13S/19E-30L1 7-20-60

8-22-63

9- 2-57

100

69' 

195-209

120

160

185

111

175

168

(18IA follows)



Table 23.--Index of wella on figure 37» continued

Sample index 
number Well number

Date of 
collection

Depth or 
perforated 
interval 
(feet)

Calcium sodium bicarbonate

12

13

2k

15

16

IT

18

19

20

21

22

23

2^

25

13S/19E-29E1

15S/25E 8C1

1TS/20E-29R1

Sodium

13S/17E-14R1

15S/18E-20N1

16S/18E Ulll

1TS/19E- 6F1

17S/19E-20H1

17S/20E-22P1

17S/20E-23D1

18S/19E- 1B1

18S/19E- 1B3

18S/19E- 2F3

18S/20E- 6A1

T-17-63

8-13-63

* 5-11-63

bicarbonate

7-20-60

7-19-60

8-27-63

8-1^-63

6- 8-55

8-27-63

8-27-63

8-1^-63

8-1^-63

8-23-63

8-19-63

iho

130

38-48

125

210-250

339

70-202

90-300

78-198

250-428

55

125

165-330

3^0

181A
(181B follows)



Table 23.   Index of wells on figure 37  Continued

Sample index
number Well number Date of 

collection

Depth or 
perforated 
interval 
(feet)

11

27

28

29

30

31

32

33

35

36

Sodium calcium bicarbonate 

15S/21E-17P1 6-15-64 

15S/21E-24L1 8-12-63 

17S/23E- 8J1 6-18-62

Sodium chloride 

13S/15E-35E3 10-20-52

1US/15E-' 3K2

Deleted -

14S/16E-23M1

14S/16E-36A1

15S/17E-15E1

15S/17E-17A1

5- 3-63 

10-20-52

1*8-156

460-700 

100-180 

520-705

8-12-63

6-20-62

8-10-63

9- 9-63

300

100-300

152-404

183-460

181? 
(182 follows



GROUND-WATER RESERVOIR UTILIZATION

With respect to (l) a specific appraisal of the geologic, 

hydrologic, and chemical-quality conditions in relation to the 

various possibilities for recharge of the ground-vater reservoir, 

end to (2) the use of the reservoir for cyclic ground-vater storage, 

certain areas immediately can be defined as being unfavorable (fig. 38); 

other areas, with qualifications, can be defined ae being favorable.

The following discussion presents e brief summary of the report 

with respect to ground-voter reservoir utilization.
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Areas Unfavorable for Recharge and Cyclic Storage

Areas underlain by fine-grained material of low permeability and 

specific yield are unfavorable for recharge operations and cyclic 

storage. Low permeability of underlying material not only requires 

that prohibitively large areas be used for water spreading (Davis and 

others, 19$S p. 25 )> but it also restricts movement of water and 

yield to wells. Low specific yield limits the storage capacity of 

the reservoir. Locally, such areas are those underlain by the a, b, 

and, in places, the c facies of the older alluvium (figs. 13, 38).

Areas underlain by extensive beds or lenses of virtually 

impermeable deposits at land surface or at shallow depth also are 

unfavorable for recharge operations. Although underlying sedimentary 

deposits may be quite permeable, virtually impermeable beds or lenses 

restrict vertical movement of water. Locally, such areas are those 

underlain by flood-basin deposits (fig. 7) and by the A clay (fig. IT). 

In addition, the deeper C and E clays (fig. IT) also will restrict 

downward movement of water to more permeable underlying deposits.

Areas underlain by shallow ground water are unfavorable for 

recharge operations and cyclic storage because of the danger of water 

logging and because of limited storage capacity. Locally, such areas 

are those underlain by the unconfined water body within the older alluvium 

in places near the foothills (fig. 19), by the unconfined water body within 

the younger alluvium east end south of Centerville (figs. 19, 38), 

and by the shallow water body overlying the A clay (figs. 20, 38).
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Areas underlain by ground water of poor chemical quality are 

unfavorable for recharge operation:- bec'-use of the possibility of 

oither adding harmful mineral constituents to, or increasing the 

sodium or salinity hazard of, a good-quality recharge water. Locally, 

such areas are those in which fluoride, nitrate, or boron, exceed 

recommended limits (figs. 33 and 3*0 and those in which either sodium 

chloride type or sodium bicarbonate type water predominates (fig. 27).



Areas Favorable for Recharge and cyclic Storage

Areas underlain by coarse-grained material of moderate to high 

permeability and specific yield generally are favorable for recharge 

and cyclic-storage operations because the permeability 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 f 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 c facies underlying the"central western 

part of the area probably is favorable for recharge operations.

Soils in those areas, however, in places contain extensive horizons 

of hardpan so that the infiltration of recharge water would be slow 

unless the hardpan is 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-l6) 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 

large quantities of water being pumped today (19^2) and the general 

decline of water levels in the area, a repetition of rising water tables 

and waterlogging conditions probably would not occur for some time.
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Areas beneath river channels also are favorable for recharge 

operations because of the high per ".eability of sediinentary deposits 

beneath the channels (table 10) and the ease of distributing large

quantities of water through the channels. However, both the San Joaquin
often 

end Kings Rivers/are gaining streams along their upper reaches (fig. 22)

so that at times recharge operations would not be effective. Farther 

downstream, both rivers 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. 1?)> and downward movement of recharge water would 

be restricted.
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