Un35% UNITED STATES j

67 DEPA WT OF THE INTERICR
GF§ GICAL SURVEY
o

ound Water Branch

GEOLOGY, HYDROIOGY, AND QUALITY OF WATER
e

IN THE TERRA BELLA-IOST HILLS AREA

SAN JOAQUIN VALLEY, CALIFORNIA ¢

By
G. S. Hilton, E. J. McClelland, R. L. Klausing,

and Fred Kunkel

Prepared in cooperation with the
Celifornia Department of Water Resources

OPEN-FILE REPORT

63-47 * 63-9Y
63-Y4%¢

- .Bacramento, California
April 30, 1963



CONTENTS

PART A, GEOLOGY

Page

Abstractee=cecrc et SR LT TTEL LT EEER 11
Introduction-=—e=cccmm e c e e e 15
Iocation and general features of the area-------ccececeeecan-- 15
Purpése and scope of the investigation---===-cecemcomacaao- 17
Previous investigations ------------- e----; ------------------ 19
Acknowledgments —=-=-cm e mmm e e 20
Well-ﬁumbering BYBtemM= e m s m e e - 21
GeOMOT PhO Loy = === === m o e m e e e e e e e e e 22
General ge0logy-====—==mme e e 25
Geologic units and their water-bearing character ----------------- 30
Consolidated rockS---—-eecccuacccaccrcmoccrcccccccacececeee——— 32
Basement COMPleX=====mm=mmmm-m oo 32

Nommerine sedimentary rockS-—-----r--meecccccaccrmana=n- 33

Marine rockS-e-ec-ececccccmmcoeccccccacmcmccccccmcmcoaa- 3k
Unconsolidated depositS—-mmeem e oo e 41
Continental deposits undifferentiated----=-e-eececeacau- 43

Tulare Formetion---------- i, v P 46

OIS BT T O i e i e i 48

Terrace deposits--pemmmamcecr e e e}

Younger alluviul-----mmccemm o mmm e deme e me e e 50
Flood-basin depositgemmmemmemmem e e e e 51

Dune sand---c--ccmmecdmccc e 52



Geology in relation to hydrology====-=-=-cccemmmmmmm e 53
Semiconfined aquifer system----------cceommmcmmmm e 54
Gonfined. sguifer syRlen-—ss S orataieassaie d st suiemme s 55
Confined aquifers in marine rocks-—--~--:--f ________________ 56

Geologic sections as indicators of asquifers and aquifer

SYStemS ~—m et e e e e 57
Section AmA' —vmmmm e e 57

Section B-B'==e--mommm e e e 59

Section C-C' ==m-m oo mm e oo e e 60

Seetion D-D’—-—-----—-—---—-—----——-. -------------------- 63

SUMMAr Y === —-m - memcm e e e m e mc s e - ——— (3
References clted------=-mmmmmmmom - 65



PART B, HYDROLOGY

Page

Abstracte=rememm e e e 68
Introduction=m=-mmee oo e e e e T1
Purpose and scope of the investigatione-----e-eeccaccmamana- T1
Climate-=m=moememmmm e e — e ———— 73
History of water development--==-=-eemcmcomcm e 5
Ground Water---=-=mmemmm e e e e dcmmcmm——— e 81
Occurrence, source, and movemenf----c-ccccccmc e c e 81
Semiconfined aQuifer SYyStelememme e e 85
SIHE ) TN DI s i s 58 i 5 i A et 86

Principal pumped zON@=--==----e-eeeeccmccem e 93

Confined aquifer System-----m=m-m--mmccccccmcccccmcme————e- 103
éonfined aquifers in marine rocks------=----- e —— 107
Santa Margarita Formation of Diepenbrock (1933 )-=-e=w-- 107

Olcese Sand of Diepenbrock (1933 )-----memmecmmemmeacaas 110

Water-use problems-=—-—s—amcmc oo o cmmc e aa e ccms e — e 112
Deficiency of supply---====-=-ccccmmm e e 112
Floods======ecmmmm e e m e cme e e e m e e e 11k
Conjunctive use of surface and ground water----------------- 115
Subsidehce of land surface----—--ececcccm e 121
References cited-~=--mcmr-mmccc et e 123



PART ¢, QUALITY OF WATER

Page

Abstract~—-m—m e e e e 125
Purpose and scope of the investigation-------ceccecmmmmcmmccc e 128
Water-quality classification---=-----ccmmcmomo e 130
Surface Water-=—-m--e o e e e e 135
Ground Water-=- = e - e e e e e 139
Semiconfined aquifer System---—-=-=-c---mcmmmmmmmaooooeeo- 140
Water from the ShalloW ZONE=-=====--mcooommmm oo ae 151

Water from the principel pumped zone-----=ee-mecmceeoan 143

Confined aquifer system=---=-mc-meccm o 151
Confined aquifers in marine rockS------eeecmmcccccccccc o 152
Fresh water-salt water relationships---e--eeeommmmcmomcannox 153
Water-quality problems--—---cem e oo e 15k
Referencoes clhed =usccmmmmmemeaanicacaas HOr W Pl o AT 156



Figure 1.

10.

ILLUSTRATIONS

Index map of the Terra Bella-Lost Hills ares,
California, showing boundary of report area--------
Map of the Terra Bella-lost Hills area, Californisa,
showing geomorphic units-~-=---=---c-mcmcmcmcnmcccna-
Map of the Terra Bella-lost Hills area, California,
showing geology 8ni WellB-—-—e—odele B8 o aeas
Geologlc sections, Terra Bella-Lost Hills area,

California, showing electric logs of selected

Map showing subsurface contours on top of the Santa
Margarita Formation of Diepenb-rock (1933 )-===m=mmum
Representative electric log of the Santa Margarita
Formation of Diepenbrock (1933 )--=mmmmecmmcmmeceeae
Map showing lines of equal thickness of the Santa
Margarita Formation of Diepenbrock (1933 )----===m-=
Mep showing subsurface contours on top of the Olcese
Barl of Diepenbrock {1933 Jewmmmmmm e i
Representative electric log of the Olcese Sand of
Diepenbrock (1933 )-=-==mm=mmmmmmmmmm e
Map showing extent and approximate thickness of the V’/

Corcoran Clay Member of the Tulare Formation-------



Figure 11.

13.

.

15.

16.

17,

26,

19.

20.

Map showing subsurfece contours on the base of the
Corcoran Clay Member of the Tulare Formation-------
Represehtative electric log of the Corcoran Clay
Member cof the Tulare Formation----==--cceaeeeecnoa-
Diagrammatic section showing the ground-water
reSerVolY ~evrm e e c e m e e e e e —————
Graph showing precipitation at three stations in or
near the Terra Bella-ILost Hills area, California--=-
Graph showing average monthly precipitation at three
stations in or nea£ the Terra Bella-Lost Hills
~area, California---------=ccmmcmmmmrr e
Graph showing maximum and minimum average temperature
at three stations in or near the Terra Bella-Lost
A Hills area, Californig=--=--wmccccmccnanmccccmcnnn—x
Graph showing estimated ground-water pumpage and water
imported for irrigation, 1935-59, Terra Bella-Iost
Hills a?ea, Californig---w-rreccm e e e

Mep showing irrigated acreage, 1958, and sources of

The hydrologic cycle-==-meecmmmcm e mc e e e
Map showing distribution of aquifer systems and

confined aquifers in maerine rockS=------ececmcemanax



Figure 21.

23.
2k,
25.
26.

27.

28.

29,

30.

31.

1
Page—

Map showing water-spreading sites and extent of
permeable materials from.land surface to depth
of 200 feet L A e e et
Hydrographs of paired shallOW'an@ deep wells---~====-
Map showing wells and areas of declining or rising
water levels,Aspring l95é:5 ------------------------
Diagram showing water-level profiles along section
A-A' in the Terra Bella-Lost Hills area, Calif.----
Map showing water-level céntours of the principal
pumped zone, spring 1959-—? ------------------------
Diagram showing water-level profiles along section
B-B' in the Terra Bella-Lost Hills area, Calif.----
Hydrogrephs of wells 24/26-28Q1, 29R1, and 33Hl and
water deliveries to Delano-Earlimart irrigation
district from Friant-Kern Canal-------=-cceeeoao—o
Hydrographs of wells 22/27-36N1, 25/22-2N2 and 2E1,
86 /26101, -2T/23-1H1, end 2B/E0d1lececaanmnvass
Hydrograph of wells 27/24k-10Q1 and 10QR---=-=-—=-=-=--
Map showlng conteurs of the piezometric surface of
the confined aquifer system, spring 1959------=w---
Map showing conteurs of the plezometric surface of

the Santa Margarita Formation of Diepenbrock (1933),

spring 1956--=-===mm-m=-- T T T TR



Figure 32.

33.

3k,

35.

36.

37-

38.

39.

Mep showing contours of the plezometric surface
of the Santas Margarita Formation of Diepenbrock
(1933), Spring 1959---=======mcmmmmemmmaoomm oo
Diagram for use in interpreting the analysis of
irrigation water showing selected anslyses in
the Terra Bella-Iost Hills area, California--------
Map showing selected chemical analyses of surface
and ground waters in the Terra Bella-Lost Hills
area, Californig--e-ce-c-ccreem e e e e c e e m e
éeochemical section A-A' in the Terra Bella-lost
Hills area, Californig--e-weccccecocccecccecrmee——-
Geochemical section B-B' in the Terra Bella-ILost
Hills ares, California--------; --------------------
Geochemical section C-C' in the Terra Bella-Ilost
Hills area, Californig-=-=-=--ecmcmmmcmmm e
Geochemical section D-D' in the Terra Bella-Iost
Hills area, Californig-----=--mecccaccacccecceeeas
Map showing high boren and nitrate concentretions in

the Terra Bella-lest Hills area, Californig--------

Pageé/

1. For preliminary release all figures are st end of report.



Table 1.

TABLES

Page

Geologic history of the San Joaquin Valley and

berdering mountaingeceeccocacacccocdemcmcncconac——" 28
Generzlized celumnar section showing the geologie

units and their water-bearing characteristics--=----- 31
Stratigrarhy and water-bearing character of the

marine sedimentary rocks of Tertiary age---------—=-- 35
Estimated ground-water pumpsge, water imported, and

tetal water for irrigation in the Terra Bella-Iost

Hills area, Calif.-----ecccmmmecmcccmcc e 7
HyGrographs ~—ecmmwmemmrmcmc ;e e e e Q0
Results of aguifer tests-e-ff-f-f—----—-f -------------- 101
Rating of irrigatien water fer varieus cropeA;;T;£;i“‘H

basis of beron concentration in water----e--ccecceea-o 132

\L. S

10



PART A

GEOLOGY OF THE TERRA BELIA-IOST HILLS AREA,

SAN JOAQUIN VALLEY, CALIFORNIA

By 6. S. Hilton, R. L. Klausing, and Fred Kunkel

ABSTRACT

The Terra Bella-Iost Hills area in the southeastern part of
the San Joaquin- Valley includes about 1,700 square miles of Kings,
Tulare and Kern Countles. This part of the San Joaquin Valley
has mild winters, long hot summers, and little precipitatien, almost
all of which oceurs during the fall and winter menths. The area
is a basin of interior drainage and the streams are tribubtary to
Tulare Lake. |

The Terra Bella-ILost Hills aree is characterized by dissected
uplends, low alluvial plains and fans, river-flood plains and channels,

and overflow land and lake bottoms.
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Deficiency of supply, conjunctive use of surface and ground water,
floéds, subsidence of land surface, and protection and maintenance of
water quality are the most critical water-use problems in the Terra
Bella-Iost Hills area. This report is the first of three dealing with
water-use problems in the area and provides the framework for subsequent
reports on the hydrology and chemical quality of water.

The San Joaquin Valley is a structural downwarp between the
tilted block of the Sierra Nevada on the east and the complexly
folded and faulted Coast Ranges on the west. During much of the
Cretaceous and Tertiary Pericds, the San Joaquin Valley was the
site of marine deposition. Overlying the marine rocks are continental
deposits of late Tertiary and Quaternary age. In the Terra Bella-lost
Hills area it is estimated that there are at least 15,000 feet of
continemrtal and marine deposits of Tertiary and Quaternary age.

The geologic units of the Terra Bella-lost Hills ares are
divided into two groups: (1) consolidated rocks which include
basement complex of pre-Tertiary age, and nonmarine and marine
sedimentary rocks of Tertiary age; and (2) unconsolidated deposits
which include continental deposits undifferentisted and the Tulare
Formation of Tertiary and Quaternary(?) age and older alluvium,
terrace deposits, younger alluvium, flood-basin deposits, and dune

sand of Quaternsry age.


https://Joaqu.in

The basement complex, which 1s composed of metamorphic and

igneous rocks, is dense, is of low permeability, and yields ground
water only in quantities sufficient for stock énd doméstic use.
The nonmarine sedimentary rocks of Tertiary age consist principslly
of consolidated and poorly permeable shale, siltstone, and conglomerate.
These deposits, like the basement complex, yield only minor quantities
of ground water, sufficient only for.domestic and stock uses.

The marine rocks of Tertiary age are composed of moderstely
permeable sandstone to relatively impermeable siltstone; the more
permeable units either are or can become important sources of ground
water. The unconsolidated deposits of lete Tertiary and Quaternary
age are highly to poorly permeable and supply the major part of the
grqund water pumped in the area. Ground w ter contained in the

~————permeable deﬁosits occurs 1n several distinct esquifers and aquifer

systems.
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Two principal aquifer systems in the area include virtually
all the unconsolidated deposits of Quaternary and Tertilary agel QOne
of the agquifer systems contains a semiconfined water body within the
unconsolidated deposits that overlie the Corcoran Clay Member of the
Talare Formation and the deposits thet overlie the marine rdcks whére
the Corcoran is absent. The other aquifer system conﬁains a confinéd
water body within unconsolidated deposits thset underlie the Cdrcoran.
For the most part, the two aquifer systems aré not connected vertically.
However, along the east and south margins of the Corcoran the two
aguifer systems are horizontally interconnected aﬁd cbmprise paffs
of a single ground-water resérvoir.

Underlying about 800 square miles along the eastern mérgiﬁ“of
the area at depths ranging from 1,000 to 2,000 feet below land surface
the Santa Mergarita Formation of Diepenbrock (1933 ), ranges in
thickness from about 200 to 600 feet and consists primarily of éandy
beds. Locally this formation 1s?confined agulfer and constitutes an
important source of ground water.

Underlying the Santa Margarita Formetion of Diepenbrock (1933)
by about 200 to 300 feet is another zone of permeable deposits ranging
in thickness from 100 to 450 feet. These deposits, the Olcese Sand of
Diepenbrock (1933), are also a confined aquifer and may become an

important source of ground water locally.
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INTRCDUCTION

Iocation and General Features of the Area

The San Joaguin Velley, the southern part of which is shown on
figure 1, includes roughly the southern two-thirds of the Central
Valley of California. The San Joaquin Valley is bounded by the
Sierra Nevada on the east, the Coast R-nges on the west, and the
Tehachapi and San Emigdioc Mountsins on the south. In the north
the comblined deltas of the Sacramento and San Joequin Rivers separate
the Sacramento Valley from the San Jozquin Valley. The San Joagquin
Valley extends 250 miles southeasterly, from the delta area nesar
Stockten to Grapevine, about 30 miles south of Bakersfield.

The Terré Bella-lost Hills areas, which occupies about 1,700
gquare mlles in the southeastern part of the San Joaquin Valley,
lies between 35°30' and 36°00' north latitude and 118°52°'30" and
119945 west longitude. The area is part of the Tulare Lake drailnage
basin, a surface basin of interior drsinage. Within the area the flow
of the streams origingting in the Sierra Nevada moves towsrd the valley
trough and thence northward via sloughs and canals to Pulare Lake
(fig. 2). Most streams in the area are intermittent, poorly integrated,
and flow only during periods of heavy rainfall. One exception, Poso
Creek, flows all year owing to the continual dumping of oilfield-waste

water into its dreinage system.
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Avout 1,400 square miles of the sres studied is valley area
underlain by unconsolidated deposits. Most of the valley area is
irrigeted, except for alksli lands on the valley floor. ILow foothills
and mountains occupy about 300 square miles along the eastern margin
of the area. This ares is underlain respectively by unconselidated
and consolidated deposits, and the granitic complex of the Sierrs
Neveda. Most of this area is used for grazing and dry land farming.

Mild winters, long hot summers, and little precipitation,. are
typical of the Terra Bella-Lost Hills area.- Most of the precipitatien
falls as rein during the fall and winter months. Because ef the
long growlng seiason, mere than one crop per year camn be harvested from
the same acreage. |

The area- is accessible readily via U.S. Highwey 99, State Highways
65 and 33, and U.S. Highway 466 vhich extends westward from U.S.
Eighwsy 99. et Pemoso. . The Southern Pacific and the Atchisen, Topeks,
and Santa Fe railroad provide both passenger =nd freight service to
the larger cities .and. towns. (See fig. 1.)

Delano, the largest town in the area; had a populetion of 11,809
in 1960. Wasco, Shafter, and McFarland in Kern County and Alpaugh,
Ducor, and Earlimart in Tulare County are busismess and service eenters
for the egricultural industry that 1s predeominent in the economy of

the aresa.
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Purpose and Scope of the Investigution

As part of tﬁe progrem of ground-water investigations in coopera-
tion with the California Depertment of Water Resources, the U.S.
Geological Survey, in.July 1956, began.a geohyarologic study of the
Terra Bella-Lost Hills aréa to define the ground-water resérvoir |
system and to provide information pertinent to the solution of the
principal water problems of the area. The principel problems releted
to water use in the San Joaquin Valley are: (1) deficiency of supply,
(2) floods, (3) how best to utilize surface and ground water conjunc-
tively (California Dept. Water ﬁesources, 1957, p. 209), (4) subsidence
of lend surface, (5) protection and maintenance of weter of good
chémieal quality. Of these, only flooding is not & critical problem
in the Terra Bella Iost Hills earea.

The results of the study are reported in three parts. Thi; report,
the first part describes the geologic units of the area, their water-
bearing character, and the framework within which ground water occurs
and moves. Geology is presented first because it is fundamantal to
an understanding of the problems that are related to hjdrology and

chemical quality of ground water in the area.
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The second part (Part B - Hydrology) describes the hydrologic
aspects of the investigation and hydrologic principles in genersal as
they pertain to the source, occurrence, and movement of both surface
and ground water in the area. These principles of hydrology are then
related to the specific problems of deficiency of supply, flood;, and
conjunctive use of surface and ground weter. The third part (Part C -
Quality of Water) discussed the problem of protecting and maintaining
water of good quality in the Terra Bella-Lost Hills area.

The investigation was begun under the supervision of G. F. Worts, Jr.,
and completed under the supervision of H. D. Wilson, Jr., succgssive
district supervisors in charge eof ground-water investigstions of the
Geologlcal Survey in Celifornis. Fieldwork was done by G. S. Hilton,
R. L. Klausing, R. H. Dale, ana D. C. Blakely. The data compilation
wés done by G. S. Hilton, R. L. Klausing, E. J. McClelland. Data

analysis snd preparation of the report was by the authors.
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Previous Investigations

Many agencies and individuals have made Investigations of
specific problems and areas in the southern part of the San Joaquin
Valley. However no detailed study of the Terra Bella-Lost Hills area
has been made previously. Pertinent previous studies for areas
including or adjacent to the Terra Bella-Iost Hills area were made by
Mendenhall and others (1916), Californias Division of Engineering and
Irrigation (1922), Harding (1927 and 1949), and Davis and others (1959).
In addition the U.S5. Bureau of Rec;amation and Californis Department
of Water Resources heve made geologic and water-supply studies for

several water conservation districts.
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Well-Numbering System

The well-numbering system shows the loecation of wells according
to the rectangular system of public-land surveys. For exsmple, in
the number 25/25-24K1, assigned to a well l% miles south of Delano,
the part of the number preceding the slash indicetes the township
(T. 25 S.); the number between the slash and the hyphen indicates
the range (R. 25 E.); the digit between the hyphen and the letter
indicates the section (sec. 24); and the letter follewing the section
number indicates the 40-acre subdivision of the section, as shown in

the accompanying diagrem.

D {C BEAE
EF G |H,
ERENE: T
N |P|Q|R

Within each 40O-acre tract the wells are numbered serialiy, as
indicated by the final digit of the well number. Letters indicating .
cardinal directions appéar in the township and range description'only
when an area spans two or more quadrants of a particula? base énd
meridian. As all of the Terra Bella-Lost Hills area is on the southeast
quadrant of the Mount Diablo base and meridian, cardinal directions

are not indiceted in the numbers.
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GEOMORFHOLOGY

The geomorphic units of the Terra Bella-lost Hills area have
been classified, after Davis and others (1959, p. 15-35), as the
Sierra Nevada, disseéted uplands, low slluvial plains and fans, river
flood plains and channels, and overflow lands and lake bottoms, which
are shown on figure 2.

The Sierra Neveda is largely one gigantic block thst has been
tilted slightly westward, owing to faulting and uplifting along the
eastern edge of the range. The western slopes of the range trend in
a general north-northwest direction and form the eastern boundary of
the Terra Bella-Lost Hills ares.

The dissected uplands are areas of moderste relief that include
such features as Buttonwiilow Ridge, Semitropic Ridge, ILost Hills and
a belt of low foothills along the western front of the Sierra Nevada.
Buttonwillow Ridge, which seperates Jerry Slough from Buena Vista Slough,
is about 2 miles wide and 15 miles long, and has a maximun altitude of
300 fget and a maximum relief of about BS feet. Semitropic Ridge,
bounded by Jerry‘Slough on the west, low alluvial fans on the east,
and overflow lands on the north, is a low ridge approximateiy 15 miles
long, 2 miles wide. It has a maximum altitude of 300 feet and is about
65 feet sbove the level of Jerry Slough. On the east side of the area
the dissected uplands range in width from about 1 mile near Terra Bella
to a meximum of about 14 miles near Famoso. The maximum elevation of
this unit is in the southeastern paert of the area and is ebout 1,800

feet above sea level.

22



The low alluvial plains and fans unit is represented in the
eastern part of the Terra Bella-Iost Hills ares by the reletively
flat and featureless fans of Poso Creek, Rag Gulch, White River, and
Deer Creek (fig. 3). On the west side the unit is represented by an
area of coaléscing fans and plalns built up by streams entering the'
;alley from the Coast Ranges. In the eastern belt the land sﬁrface
slopes in a general westerly direction from about 12 feet per mile on
the Deer Creek fan té about 30 feet per mile on the Rag Gulch fan.
These plains and fans occupy a large part of the valley floor and
caonstitute an intensively developed.agricultural area.

The river flood plains and channels, lying along Poso Creek,
White River, and Deer Creek, are well defined where they are incised

below the level of the dissected uplands.and low plains and fans.

Sandy material chafactefiiéé‘&epcsits‘inhthe7§hannels and silty
material mekes up most of the flood-plaiﬁ deposits.
e L
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Overflow land and lake bottoms include the beds of Tulere and
Goose ILakes and the lowlands in the axial trough. Tulare Iake, a
nearly flet featureless plain, once was believed to have been formed
by the demming of the Kings River and Los Getos Creek drainages.
However, the subsurface geolbgy, based on an interpretation of electric
logs of oil and water wells, indicates that Tuiare Iake is actuslly a
structurally negative area formed by downwarping (Davis and others,

.1959, p. 29). At present the lake is restricted to the northwestern
part of the original lake bed by dikes and levees. In the historical
past, whenever the level of the lake reached an elevation of 210 feet
above mean sea level, it overflowed northward into the San Joaquin River.
Such overflow lest occuwrred in 1878 (Harding, 1949, p. 29-30). |

Goose ILake and Jerry Slough (fig. 2) are south of Tulare ILake
between Semitropic and ButtonwillowlRidges. Jerry Slough is 1 to 2
miles wide and slopes gently toward Goose Lake. Excess flow from
the Kern River discharges into Goose Iake, and during times of excessive

runoff, Goose Lake overflows into Tulare lake via canals.

Buena Vista Slough, the northern pert of which lies in the Terra
Bella-lost Hills area, connects Tulare Iake with Buena Vista Leke, 40
miles to the scuth. Only during times of excessive runoff does overflow
from Buena Vista Iake and the Kern River spill into the slough from
which it subsequently discharges into Tulare ILeke. Inflow to Tulare
Iake probably last occurred in 1952; thereafter, flood waters of the
Kern River have been regulated by Isabella Dam, about 35 miles northeast

of Bakersfield.
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GEMERAL GEOLOGY

The Central Valley is a structural trough more than hob miles
long, extending from Red Bluff in north-central Californialto Wheeler
Ridge, about 25 miles south of Bakersfield. The San Joaquin Valley,
the southern part of the Central Valley, is underlain by as much as
28,000 feet of mariﬁe and continental deposits of Tertiery and -
Quaternary age (Dibblee and Oskeshott, 1953, p. 1503). Several lines
of evidence suggest that deposition of this sedimentary section
occurred in an asymmetrical trough whoserprincipal axlis lies near amd
approximstely parallels the west border of the valley. Veughn (1943,
p. 68) concludes on geophysical evidence that the Sierra Neveda block
continues westward beneath the valley to therflanks of the-Coast Renges.
Wells drilled to rocks of the besement complex along the east side
of the wealley and as far west as the topographic ﬁrough (Mey and Hewitt,
1948, pl. 1) confirm this. That wells of equal or grester depth on
the west side do not reach the basement rocks further confirms the

asymmetrical character of the velley.
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During the Cretaceous Pariod and throughout much of the Tertiary
Period, the structural trough was the locale for deposition of marine
sediments. These sediments ettain their maximum thickness in the
Coast Renges, west of the present valley, and decresse in thickness
easterly toward the Slerra Nevads, where they pinch out against the
westward-sloping surface of the basement rocks. Interfingering of
the marinelsediments with continental deposits of early and middle
Tertiary age occurs 1n the eastern part of the valley. Fluvial and
lacustrine deposits of laste Tertiary and Quaternary age overlie the
marine sediments throughout most of the valley. In the Terra Bella-
Iost Hills area these deposits are about 2,500 feet thick (Iyons and
Nicklen, 1956, p. 2).

Although the Coast Ranges and Sierra Nevada hsve been established
for a long period of geologlc time, their present form is chiefly
a result of tectonic moveﬁent during lete Tertiary and Quaternery time.
Deformation of lete Tertiary end Quaternary deposits along the valley
border and in the wvalley itself is due to these movements. Structural
deformation was more intense along the western end southern borders
of the wvalley in contrast to the moderate tilting and folding that
oécurred along the eastern edge.

The Coast Ranges trend northwesterly roughly parallel to the axis
of the valley. They are composed chiefly of sharply folded and
Intricately faulted sedimentary rocks. The Iost Hills, Buttomwillow
Ridge, and Semitropic Ridge are the surface expressions of anticlines

related in time to the folding in the Coast Ranges.
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The westward-tilbed Sierrs Nevada faullt bleck is compesed of
metamerphic and igheous rocks of the basement complex of pre-Tertiary
age. Along its western edge a narrow belt of conselidated marine
and normmarine sedimentary rocks of Tertlary age mantleé the 5asement
complex of the Sierra and dips gently beneath the unconsolideted deposits
of late Tertiary and Quaternsry age of the:San Joaquin Valley. These
sediments are broken beth at the surface and in the subsurface by
north- to northwest-trending faults. The principal events in the
geelogic histery that are applicable to the Terra Bella-Iost Hills

area of the San Joaquin Valley and the bordering meuntains sare

summarized in table 1.










































































































































































































Hydrographs for wells 27/24-10Q1 and 102 (fig. 29) show long-
term weater-level fluctuations. The water level in these ﬁells,
measured monthly by the owner, Mr. Ellie Crettol, show that for the
period 1930-45 the yearly high levels were nearly the same. Extensive
development, starting in 1945-46, caused a rapid deecline of the static
water level. Water levels dropped from about 60 feet to sbout 140 feet
below land-surface datum by Jenuery 1957, and seasonal fluetuations
were grezter than 100 feet. This hydrograph shows much less drawdown
during the 1958 pumping season probably because of the wet yeasr in
l9STf58 and because water was imported into the Shafter-Waseo Irrigation
District via the Friant-Kern Cenal, These two events combined to
reduce pumpage in this locelity.

Section B-B' (fig. 26) end hydrographs of wells 25/24-15H1,
qgﬁgé»ﬁ:it(fig. 11) and 27/23-1R1 (fig. 17), show that water levels
in the principal-pumped zone continued to decline from 1952 to 1959,
except in the Delano ares (fig. 27) where importation of water and
77-a decrease in ground-water use caused water levels to start their

upward trend. Water levels along the southern profile continued to

decline from 1952 to 1959 (fig. 2k).
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Hydrologic properties.--Ground water moves, Iin accordance with

natural laws, in an intricate network of volds within a framework of
mineral particles. The rate and direction of this movement are
controlled by the properties of the framework and the contained fluid,
the forces of molecular attrection, and gravity. The most important

¥ 2
of the framework properties are porosity“/and permeability.‘/

1. Porosity, the ratio of the aggregate volume of interstices
in a rock or soil to 1its total volume.

2. Permeabllity, the capacity of a rock or soll to transmit

fluid.

Camonly the permeability of an aquifer differs in the horizontal
and vertical directions. Bedding planes and stratification of the
various deposits restrict flow to some extent and therefore permeability
ususlly is greatest parallel to the bedding.

Aquifer properties may be determined in the field by sgquifer tests.
The results of these tests are expressed as the coefficient of trans-
missibility (T), vhich 1s the rate of flow of water, in gallons a day,
at the prevailing water temperature, through each vertical strip of
the aquifer having a height equal to the thickness of the aquifer and
under a unit hydraulic gradient, and as the coefficient of storage (S),
which is the volume of water an aquifer releases from or takes into
storage per unit surface area of the aquifer per unlt change in the

component of head normal to that surface.



Aquifer tests in the semiconfined aquifer system were made at
five locations in the Terra Bella-lost Hills area (fig. 23) on the
property, and v with the assistance and cooperation, of the Kern
County land Co. The results of the five pumping tests are given below.
The heterogeneity of the deposits tested precludes determination of
absolute values for coefficients of transmissibility and storage.

The results shown in the following table may indicate relative mgegnitude
of T between tests but make no allowance for leakage from storage in
‘semipermeable materials in the aquifer and possibly related compaction
of the aquifer, or for leaksge through semipermeable material above or
below the aquifer. Values for S are not given because all of the tests

were too short.
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Table 6.--Results of aquifer tests

: : Approximate
: T s interval
Well pumped - gpd/ft 3 tested
2 : (below land
: : surface datum)
] /
26/2h -4 (2ck-4 = 350,000 150-500
26/25-26N1 300,000 340-800
27/24-35K1 450,000 200-550
27/25- 332 290,000 350-800
27/26-30F1 460,000 250-750

1. Well location by Kern County Land Co.
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uture development.--Future development of the principal-pumped

zone for most of the area is restricted by lack of recharge. At
present, by far the largest quentities of ground water in the area are
extracted from this zone. With the exception of the northwestern and
western parts, the principsl pumped zone is developed intensely through-
out most of the area.

Further development of the principal pumped zone for water supplies
might be undertaken in the zrea between Alpaugh and Pixley and the
ares west of Pond and Wasco, north of Semitropic Ridge, and south of
Tulare Lake (fig. 20). Any further development in these two areas will
be affected snd restricted by several factors: (1) the occurrence
locally of inferior chemical quelity of water in the shallow zone and
the upper pert of the principsl pumped zone, (2) the occurrence of
saline waters at depth, and (3) continucus decline in water levels
because of lack of recharge end possibly by an increase in the rate

of decline to accompany the increased withdrawal of ground water.
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Confined Aguifer System

A confined fresh-water aquifer system underlies sbout 650 square
miles of the northwestern part of the Terrs Bella-Lost Hills ares
beneath the Corcoran Clay Member and above an interface between fresh
and saline water. Beneath the Corcorsn this aquifer ranges in thick-
ness from less than 100 feet near the western edge of the area, to as
much as 1,400 feet near the esstern edge of the Corcoran.

In 1905 Mendenhall reported that this confined aquifer system
was under sufficient head to csuse wells to flow throughout much of
the central part of the San Joaquin Valley. About 250 flowing wells
were reported in the Terra Bella-Lost Hills area alone (Mendenhall
and others, 1916, p. 256-280, 284-288, 295-306). By 1959, artesian
pressures hed declined to the point thst the head in the overlying
semiconfined aquifer system was higher than in the deeper confined
aquifer system.’

The hydraulic gradient in the confined aquifer system prior to
1952, based on the little information svaileble, probably was toward
the center of the valley from ereas of recharge to the east and west.
Water-level contours of the confined aquifer system below the Corcoran
Clay Member as of the spring of 1959 are shown on figure 30. Although
control points for the contours are few, the water-level contour map
shows the hydrsulic grsdient sloping to the west and north at 1 to 5

feet per mile.
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The water-level depression centering around Alpaugh probably
results from the combined effects of the permeebility of the water-
bearing deposits and the pumping, rather than the pumping slone.

This is based on geologic evidence which indicates that the deposits
are fine grained near Alpaugh. The heaviest pumping is actually
farther east in a thicker section of more permesble material but the
lesser permeability around Alpaugh causes water levels to be lower than
those in the area of heaviest pumpage.

Most of the recharge to the confined aquifer system comes from
subsurface inflow from the principal pumped zone of the semiconfined
water beyond the effective limit of confinement by the Corcoran Clay
Member. Ground water moves in this zone under semiconfined condiftions,
bubl once it moves north or west to where it is effectively confined by
the Corcoran Clay Member, 1t becomes psrt of the confined aquifer
system (figs. 13 and 20). Some replenishmené also probably occurs by
slow downward percolation of water through the Corcoran Clay Member and
by movement through well casings and grevel packs where the water level
in the confined azquifer is lower than that in the overlying principesl
pumped zone of the semiconfined aquifer system.

In the central part of the San Joaquin Valley before 1920, flowing
wells were obtained by drilling into the confined squifer system.

Heavy withdrawals of ground water for irrigestion between 1920 end 1930
caused a decline in water levels and wells ceased to flow. All

ground -water discharge today (1959) is by pumping.
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Water-level hydrographs and measurements show differences in
seasonal fluctuations of water levels for the semiconfined and the
confined aquifers. The confined aquifer system below the Corcoran
Clzay Member has deeper water levels and greater magnitude in the
seasonal water-level fluctuations than in the semiconfined squifer
system. The hydrograph of well 23/23-33A1, Tube A-1 (fig. 22), shows
water-level fluctuations below the Corcoran Clay Member. The annual
water-level decline is 10 to 15 feet snd seasonal fluctuations are
about 50 feet. Following the wet winter of l957-58,-a reduction in
purping was followed by a water-level recovery.

Many of the wells penetrating below the Corcoran Clay Member are
perforated beth ebove the Corcoran in the semiconfined aquifer system
and below the Corcoraen in the confined aquifer system and indicate
water lewvels that are a composite of both aquifer systems. For
exsmple wells 25/22-2E1 and 25/24-15H1, tube D-1 (figs. 28 2nd 22)
are perforated both above the below the Corcoran. The water-level
fluctuations in well 25/22-2E1, in an ares of relstively little pumping,
are similar to those in well 25/22-2IR2 (fig. 28) and demonstrate the
effect of confinement. The water level in well 25/24%-15H1, tube D-1,
near the southeastern boundsry of the Corcoran, fluctuates as much as
110 feet per year and indicates the effect of pumping in the principal

pumped zone and in the confined aquifer system below the Corcoran.
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Water supplies of satisfactory quality might be developed more
extensively from the confined water body in several areas: (1) between
Alpaugh and Pixley; and (2) from the eastern part of T. 25 R. 21 to the
vicinity of Pond. West of the trough of the valley and beneath
Tulare Iske, water 1n the confined water body becomes saline in
character. However because discharge exceeds recharge to the
confined water body, further development will result in continued
overdraft and increased rstes of decline in water levels. Any large
increase in pumpage from the agquifer also will extend its effect
beyond the edge of the Corcoran Cley Member to lower water levels
and cause further depletion of the ground water in storage in the

principal pumped zone of the semiconfined aquifer system.
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Confined Aquifexrs in Merine Rocks

Santa Margarita Formetion of Diepenbrock (1933)

The Santa Mergarita Formetion of Diepenbrock (1933) has a sub-
surface extent of approximstely 800 square miles (fig. 20). One of
the earliest wells to penetrate the Santa Margarita was drilled in
the SW+ sec. &, T. 25 S., R. 27 E. in 1954. In 1955, 13 more wells
were drilled into the aquifer, and each succeeding year the number
of wells pumping from this water body has increased. The largest yield
reported to date (1959) is 1,950 gpm (gallons per minute). Static
water-level messurements made before 1956 sre zvailable from wells
penetrating the Santa Margarita but the general geology of the area
suggests that hydrsullc gradient until ﬁhat time probzbly sloped to
the west at less than 10 feet per mile. The stetic water-level
measured by the Rag Gulch Mutual Water Co., for Msrch 1956, ranged
from 219 to 321 feet below land surface. WBter-lével contours, based
on these few measurements, show that the hydrsulic gradient ranged
from less than 10 feet per mile to about 30 feet per mile (fig. 31).
The cepression immediately east of Richgrove probably resulted from

pumping of wells 24/27-29P1 and 32K1, drilled in the spring of 1955.
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The water levels in wells (figs. 31 end 32) declined annually
an average of about 20 feet for the three years 1956 to 1959. Static
water levels for March 1959 ranged from 276 to 382 feet below the land
surface, and the water-level contours mede from these measurements,
show a meximum hydraulic gradient of about 30 feet per mile (Plg. 32).
An increase in the number of wells pumping from the aquifer since
1955 has resulted in en overall water-level decline end increase in
hydraulic gradienit; furthermore, this increase in gradient hzs become
more widespread.

Beceuse the Santa Margarita does not crop out a2t land surface,
recharge must come from downward percolation of precipitetion or
stream runoff through deposits overlying the squifer. DBeczuse the
deposits overlying the Sants Msargarita are fine grained, recharge
probably is small and ground-water development of the formation,
therefore, has been accompanied by a continuous decline of water
levels, and most of the ground water pumped has been drewn from
storage. ALl discharge from the aquifer results from pumping of
wells in the Richgrove-Terra Bella area or rom dischsrge into other
deposits. In 1958, approximately 13,000 scre-feet was pumped from

the Richgrove aquifer.
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Possibilities for fubture development of the Santa Margarite
Formetion appear to be limited because of limited recharge to the
water body. Further development of the =z2quifer, therefore, will
result in a continuous decline of water levels. In szddition, the
usefulness of the aquifer decreases in an easterly direction because
1ts thickness decreases, and in a westerly direction because the

salinity increases and the permeability decreases.
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Olcese Sand of Diepenbrock (1933)

The Olcese Sand of Diepenbrock (15933 ) underlies about 800 squere
:miles along the eest side of the Terrs Bella-lost Hills area (fig. 20).
Lack of detalled dzta restricts discussion of the hydrology of the
Olcese to & few general conclusions.

Only two water wells, one in sec. 30 and one in sec. 31, T. 2k S.,
R. 28 E., were known to pump from the Olcese in 1959. Depth to water
in these wells in 1957 was 372 and 435 feet below land surface.
Geologic surface and subsurface studies show thet the Olcese does
not crop out at the land surface. Becesuse fine-grsined deposits
overlie the aquifer, recharge from deep infiltrastion of precipitation
and surface-water runoff probsbly is small. Increased pumping will
cause lowering of water levels and a depletion of the ground water in
storage.

The physical character of the QOlcese Sand based on examination of
electric logs of olil-test wells probably is similar to that of the
Santa Margsrita. The Clcese is irregular in shape, not everywhere
perfectly confined sbove and below, and composed of zones differing
in permeability. Completely free movement in any direction may be
impeded, and there is some movement of water through the confining
cleys above and below the.aquifer. Also east of Richgrove the Sante

Margarita Formstion and Olcese Sand may be hydraulically interconnected.
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A potential area for limited development of ground water lies
west of R. 28 and north of T. 28. Northern and western boundaries
have not been established, but the aquifer is known to underlie the
area as far north as the town of Terrz Bella. T%est of the town of
Richgrove, water within the aguifer becomes increasingly saline,
thus presenting a possible problem similar to thst in the Santa

Margarita.
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WATER-USE PROBLEMS

Deficiency of supply, floods, conjunctive use of surface and
ground water, and subsidence of the land surface are the principel
problems directly related to the hydrology of the Terra Bella-Lost

Hills ares.

Deficiency of Supply

The greatest present and future water deficiencies in Californis
are in the San Joaquin River and Tulare lLeke basins in the San Joaquin
Valley (Czlifornia Dept. Weter Resources, 1957, p. 119). Almost all
available precipitation is consumed by evaporation, transpired by
vegetation, or used to reduce the existing soil-moisture deficiencies.
However, during periods of large runoff, some surface flow may be
sufficient to provide seepsge downwerd through stream beds to the
ground -water bodles, but generally runoff is too smzll to provide
" recherge in significant amounts. Deficlency of the supply, therefore,

has resulted in a substantial overdraft in the ares.
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Water recuirements in the Terrs Bella-Lost Hills srea are being
fulfilled by withdrawal from the ground-water reservolr and by importa-
tion of surface water from the San Joaquin and ¥ern Rivers via the
Friant-Kern Canal of the U.S. Bureau of Reclamation snd the canals of
the Kern County Lend Co. These supplies are inadequate to meet the
present needs for water, however, and in areas not receiving imported
water the withdrawal of ground water for irrigation greatly exceeds
the amount being returned to the ground water by natural and artificisl
recharge. Ultimately, it i1s planned that the aqueduct of the proposed
Feather River Project (California Dept. Water Resources, 1957, p. 142)

will provide the additional wster needed.
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Floods

Floods of the rivers snd streams in the geologic past have
trangported into the Ssn Joaquin Valley the materisls that comprise
the great thickness of the present valley fill. Agriculturally, man
has found the velley-fill sreas to be extremely productive, and
accordingly meny agricultural activities are adjacent to or on the
flocd plains of the streems. Thus crops and other property are
exposed to the pessibility of damage or destruction by flood.

Flooding in the Terra Bella-~-ILost Hills srea occurs only during
infrequent periods of heavy runoff from the principal stresms.
Flooding that does occur could be controlled adequately by
constructing small reservoilrs on Deer Creek, White River, and Poso
Creek. Under the proposed California Water Plan, flood control on
Deer Creek, White River, and Poso Creek would include construction
of a relatively small reservoir on eazch stream (California Dept.
Weter Resources, 1957, p. 143). Excess flood waters of the Kern
River and the aforementioned stresms would be discharged into the
rroposed Sand Ridge Reservoir and would be impounded south of the

naturasl sand ridge bordering Tulare leke.
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Conjunctive Use of Surface and Ground Wnter

Pull utilizetion of water supplies potentially avsilable for
the Terra Bella-Icst Hills area will require conjunctive operation
of surfece-water supplies snd underground storage capacity of the
ground -water reservoir. Only regulation of surfsce reservoirs and
conveyance systems and also the storage space zvailable underground
can provide the large volumes of waler required over long perieds of
less than average precipitation. Conjunctive coperation of imported
water with its storage and distribution system snd the ground-water
reservolr will conserve the aveilabkle ground-waster supply by mroviding
maximun recharge to the ground-water reservoir during perieds of above
average precipitation. *

Two pertinent features of conJunétive operation must be considered:
(1) ground water would be pumped when imported water is not available,
and (2) excess imported water, when aveilsble, would be used te
recharge the ground-water reservoir depleted by pumping during those
months or years of water shortage when imported surface water is not

avsilable.
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Artificial recharge mey be defined as the deliberate or
incidental introduction of water into the ground-water reservoir.
The recharge msy be sccomplished by (1) water spreading, which
includes diverting water into basins, ditches, or furrows; and
(2) injection of water into wells. Water spresding is practical only
in those areas underlesin by permeable materials both at the surface
and at depth while injection requires zdequate permeability at depth.
In addition water of suitable quality must be aveilsble both in the
aquifer and for recharge.

Figure 21 differentistes those areas underlain by permeable
1o moderately permeable deposits from those underlsin by relztively
impermeable deposits. In general, the arez underlein by the permesable
deposits 25 shown on figure 21 corresponds to the sreass (fig. 2)
along the east side of the valley underlain by low alluvial plains
and fans, and by river flood pleins and channels. The areas underlain
by relatively impermesble deposits correspond to low alluvial plﬁins
and fans along -the east side of the walley, dissected uplands, and to

overflow lands asnd lake bottoms.
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Even though an ares may be underlain by permeable deposits,
artificial recharge through water spreading may be ineffective
owing te changes in permeability enceuntered in the subsurface.
Hardpan zenes, which restrict downward movement of water, have been
found within a few feet of the land surface in many parts of the
ares. Also throughout a lsrge part of the zres underlain by permeable
deposits, fine-grained, poerly permeable deposits are encountered
from about 150 to 300 feet below the land surfzace.

To determine potential sites for woter spreading, drillers’
logs of wells were‘examined to determine the depths to which the
permeable deposits extend belew land surface. Figure 10 shows that
permeable deposits underlie a large part of the chsnnel and alluvial
fan of Poso Creek to a depth of about 100 feet in the vicinity of
Femeso and to a depth of 200 feet about 6 miles northwest of Fameso.
The absence of well logs precludes an estimate of the thickness ef the
permeable deposits in the channel of Poso Creek southeast of Fameso.
South of Earlimart aleng the White River permezable depesits extend %o
a depth of abeut 100 feet and north of Terra Della along the channel
of Deer Creek they extend to at lesst 50 feet. The permeeble deposits
beneath the channel of Deer Creek may extend to depths greater than
50 feet; however, this cannot be determined from existing data

because wells in this area do not exceed 50 feet in depth.
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Insofar as known the only successful artificisl recharge
of substantiasl quantities of water in the Terra Bella-Lost Hills
areae has been by water spreading. Water spreading has been
practiced since 1936, according to Kern County Land Co. records,
in the vicinity of Wasco, Femoso, and Shafter at the sites shown in
figure 10. During thils period the annuel guantities of water spreed
have ranged fram O to approximately 95,000 acre-feet in 1958. This
water 1s intreduced through spreading basins and is the major source
of artificial recharge to the ground-water bodies. This recharge
is augmented by seepage from Calloway and Lerdo Canals (North Kern
Water Storage District, 1960, p. 33).

Recharge by injecting water into wells has been practiced in a
few isclated wells in the area. In these few Instances 1§7reportedly
was difficult to maintain satisfactory rates of recharge. Con#fFasted -
to water spreading, far less water has been recharged into the ground-
water reservoir by this method. No experiments using modern injection
methods are known to have been conducted in the Terra Bella-igg;ﬁiziig“““ﬁk'ﬁ‘“
area. In view of the successful use of injection methods elsewhere
and the problems of water spreading imposed by local geology, any plan
for artificial recharge should include study regarding the possibility

of injecting large quantities of water into wells.
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Because fine-grained, poorly permeable deposits generslly sare
encountered from about 150 to 300 feet below land surface, the major
part of the water recharged by water spreading goes to the shallow-
water zone of the semiconfined water body. IUowever, once underground
the water probably moves through and around fine-grained deposits of
low permeability and recharges the principal pumped zone of both the
semiconfined water body and the confined water body beneath the
Corcoran. The hydrclogy of the confined aquifers in msrine rocks
in the eastern part of the area is complex and the dsta are frasgmentary.
Consequently, it is not known to what extent and how rapidly-recharge

will effect those aquifers.
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In addition to the problems of finding permeable deposits to
recharge the quality of the water available for recharge and the
quality of water in the aguifer must be considered. Replenishing
an aquifer with water of a type different than the native ground
weter might cause chemical reactbdns resulting in a precipitate that
would cement the deposits and cause a decrease in storage capacity.
Also, where the ground-wster quality is inferior that weter would
have to be flushed from the materials and (or) diluted with water of
better quality to utilize most effectively the storage capacity of
the deposits.

If a sufficlent supply of imported water can be made available
during periods of low demand, additional and substantial quantities
of water probably could be recharged to the depleted ground-water
reservoir. However, any contemplated site for water spreading
should be examined carefully not only to determine whether the surface
solls are permeable, but also to determine whether there are subsurface
restrictions that might retard downward movement of water and whether
there are water-quality problems. Therefore, as part of any program
to select additional water—spreadingrsites,Aa test-drilling program
should be included to determine more sccurately, at proposed water-
spreading sites, the extent, thickpess, permeability, and changes of
permeability with depth of the permeable deposits. In addition,
where considerable differences of water quality exist between the
native water and the recharge water, geochemical studies should be

made to determine whether the waters are compatible.
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Subsidence of the Land Surface

Subsidence of the larnd surface in the Terra Bella-Tost Hills
area was first noted in 1935 by I. E. Althouse (Ingerson, 1941, p.
40-42) who called attention to the possibility of a definite lend
subgidence in the vicinity of Delano. Ingerson prepered a map for
the period 1902-1940 which showed that subsidence had occurred in a
200-square-mile area between Famoso and Pixley; the map also showed
that maximum subsidence of 5 feet had occurred in a2 small area 3 miles
north of Delano. Subsequent studies by the Geological Survey indicate
that for the period 1902-1954 the maximum subsidence has been 10.2
feet about 4 miles north of Delsno.

From comparison of long-term hydrographs and subsidence graphs,

- Poland and Davis (1956 D- 287 291) concluded that land subsidence in

the areas east of Delano was closely associated with decline of water
levels. Comparison of subsidence graphs and long-term hydrographe
H“‘_ifgiggg\_?fjis, Lofgren, and others, 1958) show that with importation
of irrigation water through the Friant-Kern Canal bheginning in 1951,
water levels in the area east of Delann began to rise, and during

the period 1954-57 the recovery of weter levels had brought about a

virtual cessation of subsidence.
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Iand subsidence 1s the result of compaction of unconsolidated
alluvial and lacustrine and swamp deposits as ground-wster levels
are lowered by intensive pumping. The subsidence occurs in areas
where there is intensive pumping Trom confined and semiconfined
aquifer systems. Records indicate that compaction measured by
recorders is directly related to decline in water levels. Lofgren
(1961, p. 49) concluded that, " * * * Compaction of the unconsolidated
deposits takes place as the artesian pressure decreeses, thus
transferring more of the overburden load to grain-to-grsin contacts
of the aquifer. The compaction 1s due chiefly to a nonelastic
rearrangement of the grains of the deposit and results in a permanent
decrease in volume. A small part of the compaction is elastic and
samples tested in the laboratory for consolidation show minor rebound
when unléaded. However, rebound or expansion of the aqulifer system
has not been obgerved in the field measurements. "

Although importation of irrigetion weter via canels has resulted
in rising water levels and virtusl cessation of land subsidence in
some areas, continued intensive pumping accompanied by compgction of
the unconsolidated deposits persists in the ares between Delano and
Earlimart, and in the viecinity of Pixley. Maximum subsidence in these

areas for the period 1930-59 has been about 9 feet.
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PART C

QUALITY OF WATER OF THE TERRA BELIA-LOST HILLS AREA,

SAN JCAQUIN VALLEY, CALIFORNIA

By E. J. McClelland and G. S. Hilton

ABSTRACT

Thé Terra Bella-Iost Hills area includes about 1,700 square miles
.in the southeastern pert of the San Joaquin Valley. Drainage in this
pert of the San Joaquin Velley is tributary to Tulesre Iske, a basin
of interior drainage. Mild winters, long hot summers and little
precipitetion are typical of the ares.

This report is the last of three reports covering geology,
hydrology, and gquallity of water of the area. Chemical analyses of
water samples are used to classify waters for irrigstion use
according to the sodium hezard, salinity hszard, and boron content.

Surface water is generally of good quality from intermittent streams
in the area. Calcium bicarbonate water with less than 300 ppm dissolved
solids is common to all surface waters except where degraded by waste
water. The Poso Creek drainage receives water from oilfield waste
disposal; analysis of water from the creek indicates it is sodium
chloride in character with dissolved solids more than 1,000 ppm and

with boron ranging from less than 1 to more than 3 pmm.
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Ground-water quality in the Terra Bella-lLost Hills area varies
laterally and verticelly. A semiconfined aquifer system is identified
in two zones; less than and greeter than 300 feet below land surface.
Water from wells less than 300 feet deep in the center of the ares
is satisfactery for irrigation use. In Tulare Lake bed shallow waters
are reported of poor quality. Analysls of water from below 300 feet
indicates good quality in the northern pert of the area. In the central
part of the area the semiconfined water below 300 feet is generally
usable, but in the west there is evidence.of poor gquality water
moving Into the area from the west side of the San Joaquin Ve=lley.
Near the southern boﬁndary in the vicinity of Highwsy 99 water from
the south has a high salinlty hazard and high nitrate content. To
the vest'in the ridges and sloughs there is sodium chloride water
wvith verying hazards, depending on dissolved solids concentration.

In the western éart of the area and south of Tulsre Lake bed water
from the semiconfined aquifer system on the west side of the San
Joaquin Valley contaln boron in quantities that are marginal to

excessive for irrigestion weter.
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One confined aquifer system and two confined aquifers in marine
rocks are identified in the area. The water in the confined agquifer
system belew the Corcoran Clay Member of the Tulare Formation is of
good quality for irrigation except in the west where water from the
east and west sides of the valley probably are mixed. Water from
the Santa Margarita Formation of Diepenbrock (1933), a confined agquifer
in marine rocks is medium high salinity and high to very high sodium
hazard irrigation water. Water of this quslity is useble when
properly treated but mey become a problem over & long period of time.
An interface between fresh water and salt water 18 identified from
electric logs a-shert distance west of the town of Richgrove. The
water from a second confined aquifer in masrine rocks, the Olcese Sand
of Diepenbrock (1933), has not been analyzed but it probably is
gimilsr to that in the Santa Margarita Formation.

The peosition of the base of the fresh water in the area, estimated
fram electric logs, is shown on the four geochemical sections. .This
interface slopes eastward from:the trough of the valley and is
probably continuous from beneath the Corcoran Clay Member into the
semiconfined aquifer system.

Protection and maintenance of satisfactory water quality are
eamong the present and future water problems in the area. Deficiency
of supply has resulted in drilling deeper wells which must avoid
intercepting water of unsatigfactory quality. Disposal of waste
water must be controlled to prevent future degradation. The area
is a closed system draining Into Tulare lLake therefore drainage must

be mrovided for removel of harmful salts in the sump sares.
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PURPOSE AND SCOFE OF THE INVESTIGATION

As pert of the program of ground-water investigations in coopera-
tien with the Califernia Department of Weter Resources, the U.S.
Geologleal Survey, in July 1956, began azstudy of the Terra Bella-
Iost Hills area to provide informstion pertinent to the solution of
the principel water problems of the ares. The principal weter problems
related to water use in the San Joaquin Valley are: (1) deficiency
of supply, (2) flocds, (3) how best to utilize surface and ground water
conjunctively, (4) subsidence of land surface, and (5) protection
and maintenance of water of good chemical‘quality. of theae,roﬁly
flooding is not a critical problem in the Terrs Bella-ILost Hills
area.

The study of water-use problems in the Terra Bella-lost Hills
area is reported in three perts. The first part, Pexrt A, Geology,
deseribes the geologic units of the area, their water-bearing
character, and the framework within which ground water occurs and
moves. Geology 1s presented first because it 1s fundamental to an
understanding of the problems that ere related to the hydrology and

chemical quality of ground water in the area.
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The second part, Part B, Hydrology, is concerned with the hydrologic
aspects of the investigaetion and hydrologic principles in general as
they pertain to the source, occurrence, and movement ¢f both surface
and ground water in the area. These principles of hydrology ere then
relsted to the specific problems of deficiency of supply, floods,
conjunctive use of surface and ground water and subsidence of land
surface. This report, the third part, is concerned with the problems
related to the protection and maintenance of weter quality in the
Terra Bella-ILost Hills area.

The investigation wes begun under the supervision of G. F.
Worts, Jr., and completed under the supervision of H. D. Wilson, Jr.,
successive district supervisors in cherge of ground-water investiga-
tiens of the Geological Survey in California. Fieldwork was done by
G. S. Hilton, R. L. Klausing, R. H. Dale, and D. Blskeley. Analysgis
of data and compilation of records were done by E. J. McClelland

and G. S. Hilton.
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WATER-QUALITY OILASSIFICATION

Concentration of dissolved sclids 1in semples of water are
determined by chemical analysis. The data from an analysis permits
clasgification of the water for various uses according to established
standards for domestic, agricultural and industrial uses. In the
Terra Bella-Iost Hills area, classification of agricultural, and more
specifically irrigastion water, is of primsry concern.

Following the usage of Piper and others (1953, p. 26) the terms
describing the general chemical character.of a water are used in
particular senses, as in the following example: "kl) 'calcium
bicerbonate’ designates a water in which éalcium amounts to 50
percent or more of the bases and bicarbonate to 50 percent or more
of the acids, in chemical equivalents; (2) 'sodium calcium bicarbonate’
designates & water in which godium and calcium are first and second,
respectively, in order of abundance among the bases but neither
amounts to 50 percent of all the bases; and (3) 'sodium sulfate
bicarbonate' designates a water in which sulfate and bicarbonate are

first and second in order of abundance among the acids, as sbove.”
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In addition irrigation water 1s classified after Wilcox (1955, p. 9)
and as shown by figure 33, as having low, medium, high, and very high
salinity and alkali hazard. Electrical conductivity is used to
determine salinity while sodium adsorption ratio (SAR) is used to show
the sodium (alkali) hazard. The SAR expresses the relative propor-
tion of sodium that can be adsorbed by soil when the water is used
for irrigetion. The analyses of water shown on figure 33 range from
sultable for most crops and most soils to those which are not usually
sultable for irrigation use. However, because of the empirical nature
.of the equations used to develop the method, the classificestion is
not absolute and should be uséd for generel guidance only (U.S. Geol.
Survey, 1954, p. 12).

A third hazard, the occurrence of boron in toxic concentrations
in some Irrigation water, makes 1t héceSBary to censider,alsqgﬁg;g‘
element when assessing the quallty of water. The following table
by C. S. Schofield shows limite for boron concentration (Hem, 1959,

P. 245). The behavior of any crop in relstion to boron concentration
will vary, depending on soil texture properties, climate, and plant
thyslolegical properties (Califormia Dept. Water Resources, written
communication, 1962), consequently the ranges of values given in

table T cannot be considered as fixed limits.
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Table T.--Rating of irrigation weter for various crops

on the basis of boron concemntration in the

water

Classes of water : Sensitive ¢ Semitolersnt : Tolerant

s erops : crops : crops

: (ppm) 3 (ppm) i (pmm)
Bxcellent <0.33 <0.67 <1.00
Goed .33 6 .67 .67 to 1.33 1.00 to 2.00
Permissible .67 to ...00 1.33 to 2.00 2.00 to 3.00
Doubtful 1.00 to0 1.25 2.00 t0 2.50 3.00 to 3.75
Unsuitable >1..85 >2,50 >3.75
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All three of the hezards described ere present in some parts
of the Terra Bella-Lost Hills area. Salinity represents a hazard
due to the limited tolerance of crops to salt concentration in watgr
used by the plants. This tolerance varies depending on the crop
.grown, local circumstances such as soil and climete, and on adeguate
drainage to remove harmful concentrations. The hazard can be reduced
by careful crop selection, provision for drainage and by dilution with
water of better quality. Adsorption by the soll of excessive quantities
of sodium will reduce soll permeebility tending to cause a hard crust
to form at the surface. The sodium hazard can be controlled by treat-
ment of the 801l or water by applying a substance such as gypsum which
increases the available calcium. Boron cencentration represents a
problem similer to the salinity hazard. This problem can be handled
by crop selection, drainage, and dilution in the same manner as high
salinity. Hem (1959, p. 246, 249) lists crops according to relative
tolerance to boron end salinity as given in U.S. Department of

Agriculture Handbook 60.
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The character of the waters in selected samples are shown on
figure 34. The results of analyses of samples are shown plotted as
percent reacting values on diagrams with five radial coordinates
(after Hem, 1959, p. 180). Each leg is measured in percentage, zero
at the center to 100 at the outer end. The constituents determined
by chemical analysis and calculated as percentage reacting values
are plotted along the appropriate legs as indicated in the explanstion
on figure 3k. The cations, calcium (Ce), magnesium (Mg), sodium (Na),
and potessium (K) are plotted on the two legs extending upwerd from
the center of the figures. fhe sum of the cations equals 100 percent.
The anlons, carbonate (003), bicarbonate (HCOB),' sulfate (soh),

. chloride (€1), fluoride (F), and nitrate (NO3) are plotted on the
three remaining legs and the sum of the anlons equals 100 percent.
Connecting lines were drawn between plotted values on adjacent legs
of the diagrams forming shapes which symbolize the chemical character
of the water analyzed.

All chemical znalyses of water used in this investigation are
tabulated in a mimeographed basic data report on file with the

Geological Survey, Sacramento, Celif.
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SURFACE WATER

The. Terra Belle-Lost Hills area receives surface water from five
streems along the east side of the valley and from the Kern River,
south of the area. These streams, Peer Creek, White River, Rag Gulch,
Poso Creek, and Little Creek whieh drains into Poso Creek, are all
intermittent and water from the Kern River reaches the area 1in fleod
stage only. The quality of these waters generally is good vhere
not degraded by the activitlies of man.

Surface waters are a limited source of recharge to ground-water
bodies in the Terra Bella-Iost Hills area and have some effect on
the qualidy of subsurface waters. This is shown by the analysis of
water from well 24/28-21D2 in White River channel (figs. 34 and 36)
which is similar to the anslysis of White River water though.higher
in teotasl selids. Over much of the area, as described in Part B
(Hydrology ) of_thia report, the hydrclogic evidence indicates that
a permeebllity restriction probably exists at a depth of 100 to 300

feet.
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The quelity of surface waters in the area generally 1s
characteristic of surface weters on the east side of the San Joaquin
Valley (Pavis and others, 1959, p. 171). They are of the calcium
biéarbonate type conmtaining 150 to 300 ppm dissolved sclids. Upon
the classification of irrigation water of figure 33, the samples from
Deer Creek, White River, and Rag Gulch are very low sodium hazard and
low toumedium salinity hezard weters. The outstanding exception to
this pattern of quality is found in Poso and Little Creeks vhere
waters upstream from nearby cilfilelds are of the characteristic
east-side type but downstream from oilfield waste-water disposel
these waters are strongly sodium chloride in character with dissolved
solids of about 1,000 to 1,500 ppm. Waste'wgters from oilfield
dumping in the vicinity constitute the base flow of Peso Creek during
periods of no runoff. They are classified as very high sodium and
high to very high selinity hazard weters and contain boron ranging
from less than 1 to as much as 5.5 ppm. Information concerning
oilfieid waste-water in this vicinity is from reports of the Central
Valley Regional Water Pollution Control Board No. 5, by Lorens and
Nicklen (195T7), Nelson and Nicklen (1957}, and Nelson and Pass (1957).
No attempt was made to relate quality of water to changes 1in seasonal
flow. This probably 1s important only in Poso and Little Creeks where
variations in runoff combined with changes in waste water contributed

may cause wide fluctuations in quality.
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Unless waste waters in Poso and Iitile Creeks are treated to
conbrol the sodium hazard, they will temd to reduce scll permeabilities
where they are applied to the ground. The salimity hazard and the
effeets of beren will be more apparent over a long period of time
when salt concentrations will tend te increase in the soll where the
water ls applied and slow perceolation will allow the waste waters to
reach greater depths. Dilution with better quality water and provision
of adequate drainage will aid in reducing the salinity hazard.

. Deterioration of ground-water guality because of ollfield waste
wvaters is suggested by the analysis of water from well 27/27-29Jl
(fig. 34) which shows a calcium-sedium chloride water with 925 ppm
dissolved solids. However, in the discussion of semiconfined water,
the erratic chemical quallty of ground water in this vicinity 1s pointed
oub and a single analysis cannot be accepted &s positive evidence of
degradation. Examination of the depth to a confining clay in Poso
Creek channel indicates that shallow wells in the vicinity of the
creek may be pumping from aquifers recharged directly by the creek.
Additional analyses of wster from wells less then 300 feet deep are
not availabie to demonstrate whether degradstion is moving westward.
Analysesg of deeper wells west of 27/2?-29J1 show no evidence of

waste-water recharge from Pose Creek.
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Along the west side of the Terra Bella-Lost Hills eres,
Buena Vista Slough conducts overflow from the Kern River to
Tulare Lake. Normally dry, the slough contains water only
during years of very high runoff. Calcium-sodium bicarbonate
waters with low dissolved sollds and usually sultable for most
irrigation uses characterize the overflow waters in the slough

(FPellows and Morris, 1958, p. 36).
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GROUND WATER

Ground water in the Terra Bella-Iost Hills asrea varies in
quality both laterally and vertically. Selected analyses shown on
figure 34 indicate lateral differences in chemical quality. Meny
of these analyses also are given on the geochemical sections (figs.

35 through 38) which show vertical and horizontal differences of
chemical quality. These differences are in total dissolved solids
and also in the relative concentrastions of the individual
constituents. The chemical characteristics of the water have been
influenced by present anﬁ past swrface waters in stresms tributary
to the area, veriations in present and past climate, and by the
rocks and sediments through which the water has moved.

All ground-water analyses on which this report is based are from
wells which currently are used. Consequently, snalyses are not
aveilable from water which is absolutely unsatisfactory for irrigation
use and no specific areas or depth zones where such water is fbggg_ggﬁ
be indicated. A few samples were taken from abandoned wells but
contamination from the surface, in the form of trash, bodies of small
animasls, or other debrls, ceauses the analyses of the samples to

be unreliable.
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Semiconfined Aquifer System

The term semiconfined is epplied to all ground water in the
Terra Bella-Iost Hills ares where distinct and extensive confining
bed or beds cannot be determined. The semiconfined aquifer system
is subdivided into two generai zones, a shallow zone that extends
from O to aboeut 300 feet below land surface and a principal pumped
zone below the shallow zone. The depth limitation is not exzct and
18 based in general on an inferred zone of poorly permeable material
rresumably occurring at about 100 to 300 feet below land surface.
The poorly permesble materials noted in the discussion of the shallow
zone in Part B, Hydrology, are not shown conclusively by well logs.
However differences in wster levels and wster quality suggest the
existence of poorly permeable meterials between the shallow and

principal pumped zZones of the semiconfined aquifer system,
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Water from the Shallow Zone

The waters analyzed from wells perforated in the O- to 300-foot
depth zone show generally higher concentrations of dissolved solids
than those from depths below 300 feet. Typical shallow zone water
shown at U.S. Bureau of Reclamation test well 25/2&-15Hl is calcium
chloride-sulfate with more than 400 ppm dissolved solids (figs. 3L
and 37). Because of the limited number of analyses, this depth group
is shown only on figure 37. Davis (1959, p. 191) recognizes this
zone and suggests that it originated as an evaporation brine in a
locai area of poor drainage. This water is good for most Irrigastion
uses as it has low sodium and low to hedium salinity hazards and low
boron content.

To the northwest in Tulare Iake bed, waters from the shallow
zone have been reported by residemts as being of very poor quality.
Mendenhall (1916, p. 105) indicates that this problem is caused by
the alternating periods of evaporation and flooding which produced
depositas of highly saline material. Locally very few wells tap thise
depth zone but the California Department of Water Resources, San
Joaquin Valley Investigation (in progress) has drilled test wells
20 feet deep in Tulare Iake bed which show shallow ground waters with
as much as 14,400 ppm sodium and 11,100 ppm chloride (Califcrnias Dept.

Water Resources, written communication, 1962).
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On Semitropic Ridge, demaging deposits of calcium carbonate
have accumulated on pump parts and casings of wells. The location
and composition of the water from one of these wells, 27/23-16R1,
is shown on figure 3k4. Car’bonate deposition is apparently related
to depth as these deposits tend to occur in wells that take st least
part of thelr water from depths less than 200 feet below land surface.
Several exceptions have been noted in wells not perforated above 200
feet. However, water from the shallow depth zone may migrate to the
perforated interval via the gravel pack in some of the wells with
deeper perforations.

| This deposition mey be related to carbon dioxide released from
ground water when the well is pumped (Hem, 1959, p. T71). The problem
might be controlled by perforating below 200 feet and cementing the
well above the perforations to Qrewm ground -water movement through
the gravel peck.

T
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Water from the Prineipal Pumped Zone

Semiconfined water from wells perforated below 200 to 300 feet
i3 generally of good quality in the Terrs Bell&-Lostlﬂills area.

This water is commonly of the sedium bicarbonate type with less than
300 ppm dissolved solids and is satisfactory for most uses. Surface
water from the east side of the San Joaquin Valley is characteristically
clacium bicarboﬂate. This is the most probable source of the sodium
bicarbonste water in the semiconfined agquifer system. The alteration
in cation content from predominantly calcium to predeminantly sodium
1s attributed to the process of cation exchange. In this process
calecium end magnesium ions in solution replace adsorbed sodium on
the exchange meterial (Hem, 1959, p. 221). Ample quantities of
exchangeable sodium are available in the heterogeneous sands_and
clays through which the water must move from the east towards the
trough of the valley. Sodium concentrations tend to increase with
the distance from the recharge area of a given aquifer gystem and

the depth of the water below land surface.

Chemical quality of the semiconfined aqulfer system is outlined
along each line of geochemical cross section. Some analyses shown on
figure 3k are not included on the cross sections where the projected
analysis would cause distortion in the section or where they are not
egsential to the section. The cross sections intercept and show all

of the ildentified units of distinctive chemical quslity.
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Geochemical section A-A'.--In the northern part of the area

figure 35, geochemical section A-A', shows the characteristic sodium
bicarbonate water in the semiconfined agquifer system. In the east
a glightly higher relative concentration of cazlcium in seme analyses
may be due to the proximity to lntake areas and the fact thet the
water has not traveled as far through the sources of sodium as waters
farther west. The eastern part of the section correspends to a high
nitrate zone outlined in the vicinlty of Ducor on figure 39. The
nitrate concentrstions observed range from 20 pmm in 23/28—3OK1 to
T2 ppm in 23/27-21K1. Locally this area has been subjeet to intensive
citrus cultivation starting in the early 1900's and the nitrate
concentrations are probably attributable to the continued use of
fertilizers. Thls degradation of groﬁnd water 1s of no concern when
the water is used Rfor irrigation, but should be considered if the
water is used for domestic supply. Hem (1959, p. 239) refers to a
tentative limit of L& ppm nitrate in a potable weter supply for infants.
At the western end of section A-A' in water from the semiconfined
agquifer system above the Corcoran Clay Member of the Tulare Formation,
the dissolved solids concentratien is sbout 400 pmm, the chemical
character remains scdium Picarbonste type. All the semiconfined water
shown along this line of section is suitable feor most irrigatien uses;

sodium and salinity hazards are low to medium.
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Geochemical section B-B'.--Semiconfined waters shewn on figure 36,

geochemical section B-B', are of more varied character than those of
section'A—A’ though the sodiwm bicarbonate type is still common, and
all are guitable for most irrigation uses. The eastern end of section
B-B' is In the dissected uplands where the water is of highly varisble
quality (fig. 34). Wells in this locality even where in close proximity
may penetrate lithologically different parts of the geologic section
which could explain the erratic results of water snalyses. Waters
at the east end of the section show an increase in sulfate content
compared to waters to the west and the dissolved solids are greater
than 300 ppm.

Between wells 24/25-2111 and 24/26-32L1 northeast of Delano
anelyses indicate increased relative concentration of calecium similar
to t.at found near the eastern end of section A-A'. This locality also
ghows high nitrate concentrations (fig. 39) the highest being found in
well 32L1 (76 ppm). Most of the other wells in the vicinity are near
or below the suggested 44 pmm nitrate 1imit for domestic use.

In the western part of the section analysis of water from well
2l /22-35N1 indicates & zone of sodium bicerbonate weter sbove the
Corcoran Clay Member. Water in this zone has more than 300 ppm dissolved
solids and correlates with similar water shown at the western end of
section A-A'. All the water from the semiconfined aquifer asystem shown
on this section is satisfactory for most irrigation use, though trestment

of the s0ll or water may be required where the sodium content 1is excessive.
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Geochemical sectlon C-C'.--Figure 37, geochemical section C-C',

shows sodium chloride-sulfate water with more than 500 ppm dissolved
solids in the dissected uplands in the east. Correlations between
geochemicel sections along the east side have not beenlmade south
of section A-A' bececuse of the water-quality verietion from one well
to the next as noted in the discussion of section B-B'.

In the central part of the area beneath the shallow water zone
is the sodium bicarbonate water containing leas than 300 ppm dissolved
solids which 1s found throughout much of the ares.

At the western end of section C-C', chemical analysis of water
from well 26/21-14H2 shows sodium chloride-sulfate water with nearly
3,000 ppm dissolved solids. A series of five analyses of water from
this well in the period from 1954 through 1956 show an increase from
about 2,650 ppm to about 3,000 I@nlih dissolved solids with no
significant change in the relative concentrations of the various
constituents. There is no east-side source that would provide water
of such poor quality nor is there any apparent source of degradation
from the east. In T. 25 S. and T. 26 S., R. 21 E., Devis (1959, pl. 28)
indicates on his geochemical section h-h', scdium sulfate, sulfate-
chloride, and chloride waters with 2,000 to 7,000 ppm dissolved solids.
This well and others located to the south are near the trough of the
valley where waters from the east and west gides of the valley meet

and mix.
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High boron concentrations are alsc indicated in this area in
figure 39. Boron 1s, in varylng degrees, injurious to crops and
unless good drainage is provided, waters with excessive boron concen-
trations cannot be used. Throughout most of this report area, boron
concentrations are quite low, bﬁx in the trough of the valley higher
boron concentration is found assoclated with the water entering from
the west.

Water in the semiconfined aquifer system shown along section C-C'
generally 1s acceptable for irrigation use. In the east the sodium
and salinity hazards range up to high but both generally are low to
medium and boron contenf is low. The water sample from well 26/21-14H2
is classed as high sodium hazard and very high salinity hazard and boron
content i3 acceptable only for use on crops which have high boron
tolerance. Crop selection for boron and salt tolerance and sultable
treatment for the high sodium content will be required if this weter
is used extensively. South and west of 14H2 the same problems are
amplified by even higher concentrations of dissolved solids (Hanson
and Nicklen, 1956, p. 4), and west of the sree of this report, water

of similar quality was noted by Wood and Davis (1959, pl. 5).
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Geochemical section D-D'.--Near the southern boundary of the

Terra Bella-lost Hills area figure 38 (geochemical section D-D')
shows more varied water quality than any other part of the area.
A zone of variable water quality, as previously noted in the
diseussions of sections B-B' and C-C', underlies the dissected
uplands st the eastern end of the section. Sodium and salinity
hazards range from medium to very high.

AdJacent to the dissected uplands and east of Highway 99 there
is a zone of calecium chloride water having sbout 1,400 ppm dissolved
selids and immediately west of Highway 99 calcium sulfate water
having more than 400 ppm dissclved solids. The sodium hazard is low
in this loecality, but the saliﬁity hazard 1s medium te high. Nitrate
concentrations range up to 148 ppm at well 28/26-3C1l in the same zone.
Tﬁese concentrations of nitrate may be influenced by ergsniec matter
indieated in several well logs in the vicinity or by agricultural
fertilization. Water movement is northward in this loecalisy as shown
on the water-level contour map (fig. 25), indicating a pessible source
of the high chloride ard sulfate wateré to the south. Determinatioen
of the sowrce of these waters will depend on the results of a ground-

water investigation in the Kern River fan area, now in progress.
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Sodium bicarboneste waters with less than 300 pmm dissolved
solids, common to much of the area, are found from the east side of
R. 2k E. to Semitropic Ridge; The water-level contour mep mentioned
above indicates possibly a separate-hydrologic unit extending west
from the western edge of Semitropic Ridge and including Jerry Slough
and Buena Vista Slough. This unit 1s present as a separate chemical
quality unit that extends west from Semitropic Ridge and includes
Buttomwillow Ridge. Waters in the ridge and slough settling are the
sodium chloride type with more than 500 ppm dissolved solids.
Although the chemical character of the waters is quite similar, the-
total dissolved solids is veriable, ranging up to about 2,300 pmm
near the confluence of Jerry and Buena Vista Sloughs (fig. 34).
West-side waters are probably the source for the waters in this
vicinity and the variations in quelity may be due to flushing by
ground water moving northward along the Kern River channel. Water
from well 28/23-11E2 probably represents flushing by Kern River water

in the southern part of Jefry Slough.
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Boron concentrations in excess of 2 ppm are found aleong the
west slde of the valley trough. This zone as shown on figure 39
is correlated with boron to the north and is probably found in
waters reaching the area from the west side of the San Joagquin Valley.
On Semitropic Ridge and in Jerry Slough the ground-water analyses
indicate a low sodium hazard and low to high salinity hazard. The
analyses from wells on Buttonwillow Ridge and Buens Vista Slough show
medium to high sodium hazard and high to very high salinity hazard.
Near the confluence of Jerry and Buena Vista Sloughs sedium hazard
is high to very high and salinity hazard is very high. Treatment
to reduce the sodium hazard is required to prevent damasge te soil
permesbility. Salt toleranticrops mey permit the use of water that
has & high salinity hazard. Unless adequate provisien is mede for
dilutien with water of better quality and for drainage, salt

concentrations may eventuslly increase to unusable 1imits.
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Confined Aquifer System

The confined aquifer system beneath the Corcoran Cley Member of
the Tulare PFormation contains water, as indicated on geochemical
sections A-A', B-B', and C-C", (figs. 35-37) that 13 of the sodium
bicarbonste type, less than 300 ppm dissolved solids, similar to that
in the semiconfined aquifer system to the east. The semiconfined
aquifer system undoubtedly 1s the source of the water heving these
characteristics. Each of the three cross sections indicates a zone in
the west where the confined waters are of much poeorer quality. This
zone probably represents mixed water from thé eagt and west sides
of the San Joaquiﬁ Valley and shows a sodium chloride or chloride-
éulfate character with dissclved solids ranging frem about 700 ppm
to abéut 2,400 pmm (figs. 35-38).

Most of the water beleow the Corcoran Clay Member 1s of usable
quality for irrigation. Waters in the west are classed as having
high to very high salinity hazard and medium to high scdium hazard.
(figs. 35-57). Boron concentration does not exceed 0.8 pmm in any
of the ana;yses-available, therefore the water is within permissible
limits for boron sensitlive crops. The sodlium hazard can be altered
by suitable treatment of the water and (or) soil but the salinity
hazard accentuates the need for dilution with water of better

quality and for provision of adequate drainage.

151



Confined Agquifers in Marine Rocks

Water cenfined in rocks of the Sanmta Margarita bemation is
uniformly;sodium chloride in charécter with disselved solids cencen-
trations greater than 306 ppn end generally less then 500 ppm. A short
diqtance west of the town of Richgrove an interfsce between fresh and
saline water 18 indicated by electric logs of oil-test wells. Future
development of the Richgroeve aquifer will be restricted west of this
interface.

Sedimentary rocks comprising the Santa Margarita Formation are
.lafgely marine in origin and probably contained salty water when
deposited. PFresh water found east of the interface at present is
attributed to partial flushing by fresh water at some time subsequent
to depesitien of the aquifer. Esst of the interface the water is
clagssed as having medium to high salinity hazard ané&ﬁléﬁ—faﬁvery“~;¥-
high sediumvhazard. In spite of this water claseification
approximately 30 irrigatien wells have been developed in the aguifer
since 1954. The sodium hazard is dealtMnt of water
end {or) soil and as long as this procedure is used, the hezard is
not appsrent, though the salinity hazard 1s increased by the treatment.
Effects of the salinity hazsrd are moere difficult to predict. As
dissolved selids conecentrations are net prohibitively high, the

salinity hezard will prebably be apparent only on long-term basis.
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Water confined in the OXcese Send benesgth.the Santa Margarita
Formation of Diepenbrock (1933) (figs. 35, 37, and 20) represents
a potential source of ground water but is litile developed at the
pregent time. Water guality is estimated to be similar to that in
the Santa Mergaritea Formatlon on the basis of electric logs from

oll-test wells that penetrate both aquifers.

Fresh Weter-Szlt Water Relationships

Bach of the four geochemical sections (figs. 35 through 38)
show the approximste position of the base of the fresh water, sloping
eagtward from the trough of the valley. This position is estimated
from electric logs of oll-test wells. The points at which the depth
wesg estimated are often far apert and estimates of wgter-quality
changes were not certain. The base of the fresh water is probably
continuous from the semiconfined waters to the confined waters
beneath the Corcoran Clay Member of the Tulere Formatien.

No analyses are aveilsble for water from the Santa Margarita
Formstion or Olcese Sand west of the base of the fresh weter (figs.
37 and 20). The water to the west 1s estimated from electric logs
to be very high in dissolved solids, probably in exeess of usable

concentrations.
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WATER-QUALITY PROBLEMS

Protection and meintenance of satisfactory water quality are
smong the present and future problems facing water users in the
Terra Bella-Iost Hills area. Deleterious effects on the quality of
water may result from deficiencles in surface- and ground-water
supplies, injudicious disposal of waste waters, and lack of adequate
drainage for removal of harmful salts or pollutants.

Deficilencies in surface- and ground-water suppllies have
influenced the quality of a&ailable ground water in the Terra Bella-
Lost Hills area. Irrigation with swrface and ground water leaches
substances from the soil through which the water percolstes. When
waters containing excessive concentrations of these substances reach
and mix with the ground-water body, they contribute to its gredual
degrsdation. In the area, changes of quality with time have not
been consistently demonstrated; seme individual wells show ghort-term
trends indicating that such changes may be occurring. Deficlency of
supply results in the drilling of deeper wells in sn effort to reach
rrevieualy untapped‘sources of ground water. If deeper wells intercept
waters of unsatisfactory quality, any communication between bodies
of water along the well bore or casing will permit mixing due either
to head differences or to pumping effects. Most of the existing wells
do not appreach the depth where electric logs indicate water of very
poor quality. Development of the Santa Margarita Formation will
probably be restricted by the presence of brackish or salty waters

west of Richgrove.
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Injudicious disposal of waste waters of undesirable quality can
cause degradation of ground waters. In the Terra Bella-Iost Hills ares,
dumping of oilfield waste water constitutes a reel and potential problem
along Posco Creek. Only limited evidence of contaminetion is found at
present, though in time the problem mey become evident-over a lerger
area. This problem is not widespread and is under the supervision of
the Central Valley Regional Water Pollution Control Board (No. §5).
Surface drainage of irrigation water 1s also part of the disposal problem
as water, repeatedly applied for irrigation, is degraded by each reuse
until it ecquires an unsetisfactory quality. The solution of this
problem ultimately is related to providing e supply adequate to dilute
and drainasge to flush the undesirable salts out of the aresa.

The drainage in the Terra Bella-Ilost Hills area 1s a closed system
tributary to Tulare Iake. In a closed system, lack of adequate drainage
};;Hfémbﬁal of harmful salts or pollutants is a direct cause of degreda-
tion of ground water in the sump area. Sump conditions in Tulare Iake
have resulted in the development of slkaline soils and & shallow ground-
water body of such poor quality that wells tapping this source are
very scarce;t This problem might be alleviated by providing adequate
drainage to prevent the accumulation of harmful concentrations of salts.

The California Water Plan proposes to provide adequate drainage
for removal of the harmful salts and pbllut&nts by comstructing a waste
conduit (CBLIfornia Dept. Water Resources, 1957, p. 119). This conduit
will extend along the trough of the valley from the vicinity of Buena

Vista Iake to the saline water channels near the combined deltas of the

Sacramento and San Josquin Rivers.
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