(R64) J "
T3 ;;,C |

UNITED STATES
DEP, OF THE INTE=RIOR
JCAL SURVEY
und Water Branch

GEOLOGY, HYDROLOGY, AMD QUALITY OF WATER
—
IN THE TERRA BELIA-IOST HIILS AREA
SAN JOAQUIN VALIEY, CALIFORNIA

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

Prepered in couperation with the
California Department of Water Resources

OPEN-FILE REPORT
63-Y7? & 63-9¢Y
63-Y%

Sacramento, California
April 30, 1963




>
i ARG b ke st <o

Page

Abstracte--cremecaa. mesecucscnnma ivecumanan amemmean R LR 11
Introductione«. commucmanccacccner e o e e e cemce———— vevmaceae 15
" location and general features of the areg---cewcmcmaa. cmmeen 15
Purpose and scope of the Investigationh--meecmuccmccmaacnana. 17
Previous investigationge-ee--- Sesdmemcscrovcaruen~- B 19
Acknovledgmentscecercccmecanacaa.a. Sreanea- cemrccmacrecconasv. 20
Well-numbering syBtemee---caeccmaceccus aemmeen reecesmcassesse D]
Geomorphology~ececnmumcccnamuna L T D T T . 22
General geology~recvccnccacwan= s L LT S P, commeana L |

Geologir units and their water-bearing character-+e-cecvcececcccacee 30

Consolidated rocks--eemeccreaancaan. e LT T meeee 32
Basement complex----- e e cecemma- cmccnmercnaveea 32
Nonmerine sedimentary rocks---ecacecwce= cecconemnancnca 33
Marine rockSee~ecaceccccmmmcncccccanaa wemmerereccecsas 3

Unconsolidated depositsemecccmeammcmacaoo. - conmemesunua AL
Continental deposits undifferentisted-ecreeceee wmenemee- k3
Tulare Formatione=-e-ecemeccccammmmanmeaaa. cmmcccocmvanes 3§
Older alluvium-~---eme-- meememenececmcccan st m—e—rm— - i
Terrace depositg~-pecw-- Secenemacn. e T 1
Younger alluvium-ececccncacao-- e cemmees  §0
Flood-basin depositseccrecccarccncccnernccncanrenmeeneus -3




s
T

"5 ¢

e
A

3l

o~
<
> Z
X
2 X
=
>
e
~
'
N
~ -
.
'
)
N
>
N
1

sabal —tuauat

Te
’

Page

GeOJow 111 !‘Elﬁ.tion to hyﬁrolow----—-l--------------G------—-u---
SemccnrinCd Eq_u.ifer Bystem---------------------------------
confined Equifar lyltem----------------------—--------------

Confined aquifers in marine rockSere-ecsccecacvconceamcmcsaa-x

Geologle sections as indicators of aguifers and aquifer

BYBlel c~emmccnmcmtrmraccmn et cacacm s mcccamte e e m e
Section A-A‘cs rcccaccencncrvanscnrcarononccccsnacacnon—-
Section B-B'wevccccmnacancrcnrecncnccaccanncscunensnan
Section (-Cleruccmmucnccmccarccccscmscr vnccnareccccaene
Seetion D-D'eccucecccccucmenncunncmcccrcnncncaccacconan

smry-------n-—------------------o----—-------—-----.-b-.--.---

Referlnc&‘ Cim-—--v-- VD D R e TP D R S GP D P TR G0 W D I B a5 O AD LD N O A I G S S s e D N A e




- —————— e —— ar m— —

’

PART B, HYDROLOGY

Abatract -------------------------- RN R o ..o - .- - o as 2 -

Introductilon---c uwoececrcucco e e e mcaaa S LEL L L

Purpose and scope of the Iinvestigatione---c--ecemcca-- —ewme——

clmte ------------------------ D D 0 Y P O I DD D WP o D D )@

HiStOry Of wﬂter d.eVElomnt ---------- Ldadad o d R L 4 E 2 2 ] -k e AP TP D S3 B AP ab oR 2D SR =

Gro'urd Waterw-mcecmrcccnwrvcccrcanra- LY D L L - - ceaeew

Occurrence, source, and movementeeere-meccececemvmeoncnacaan
Semiconfined aquifer syste~~ve-e-- remes—ecan~ smccccccas ————

Shallo¥ zZoNeew-=cocmccacmmacamcemmaa ——ecen- D T T P

Confined aquifer system--- -vecccccmmacmmccccrccnconcoancans
Confined aquifers in marine rockS-e--~-emcmcemcmcnvsosomcans
Santa Margarita Formation of Diepenbrock (1933 )---~=e==

Olcese Sand of Diepenbrock (1933 )e--cemcmcmccarecvaven-

Weter-use problemsecececrecccccacraes cemmeranane T T ————

Deficiency of supply-~e-==--c-icacea el L S

rlms------"------------ ----- ---------------------l‘.-‘.----
Conjunctive use of surface and ground Watere-eeeemes. sceceees

Subsidence of land BUrfaCe-~~~re: cavccrcccvmcccsncnansomena.

Referencea cited—-------- hiadadadadnd D L 2 L L D L L L g T

Page

68
7L
71
T3
75
81
81
8
86
93
103
107
107

5

+
TN e o A
b B L

s}
o e Al

IEEIR

A

. " i-—: P s.‘ﬂlﬁ ‘i‘




~

|
|

PART C, QUALITY OF WATER

Page

Abstract-~-ccemcommcmcacaaa. e mm e e e — e ———————-———————— —e= 125
Purpose and scope of the investigation---ee--- crusnemecvamea- ceaw 128
Water-qualivy classificatiche-cee~cemcomcmmanaa —————— —————— rmmme 130
Surface vater---ee-o- comcoaaoo cmmrcmaeee. coimememmcse~e crececnnea~ 135
Ground water-e--ce-meecccmacccccnccncaeaa e ——— s e ———— 139
Semiconfined aquifer systeMe--ce-sececmerorcon= ——- 140
Water from the shallov zone----ceee- cermccemvecaen snene 141

Water from the principel pumped zone--s=eecmeeereawes-ae 143

Confined aquifer system--ce~-re-caccrccuamcacnaee cemsnacemens 151
Confined aquifers in marine rock§e---ee--—uesrmeccorcemecosace 152
Fresh water-salt water relaticnships--=c-eececmmcocconacncces 153
Water-quality problems------ - cmccccmrmenm————— e 154

References cited--ac ce--. R NS, | 1 1

*




ILLUSTRATIONS

Pagey
Pigure 1. Index map of the Terra Beliu-Lost Hills area,

California, showing boundary of report arefieceem~ena
2. Mep of the Terra Bella-Iost Hills area, Cslifornia,

showing geomorphic unitSee-ccccovmemoan et TP -~
’ 3. Map of the Terra Bellu-lost Hills ares, Cz1lifornia 2

. showing geology and uella------Ei-{-qa-------»---- v
4. Geologic sections » Terra Belle-Iost Hills aree,
California, showing electric logs of selected v
. e
Vf C 5. Map showing subsw-face contours on top of the 3anmta
:\B Mergarita Fermation of Diepenbrock (1933 )-mvemenan.
=< 6. Repret_ntative electric log of the Senta Margarita " s
\ Formation of Diepenbrock (1933)--eemecevemsccocmmee M
t 7. Map showing lines of equsl] thicimess of tha Senta
. \ Margarita Formation of Diepenbrock (1933 )emccavenne
v 8. Mep showing subsurface contours on top of the Olcese

Sand of Diepenbrock (1933 )eser-commemeocommeooeeooo i
9. Representstive electric log of the Olcese Sapd of -
. Diepenbrock (1933 )-mecoccccmmm o ccece e s
} N 10. Map showing extent and approximate thickness of ths b/

. Corcoran Cley Member of the ‘Mulare Formations-wowe-

jlﬁoz whvo~
-
e

o
N
s

&
]
=

-

r\ll

< o . ~ P
N - ~
R R R - akaa S - = ~ ? 1 v NN




Figure

13.

L

15.

16.

17.

18.

19 .

20‘

Mav showing subsurface contours on the base of the
Corcoran Clay Member of tiwe Tulare Formationee—ee-w-
Rerresentative electric log of the Corcoran Clay
Member of the Tulare Formation----eeeeeeee-- cmmeeea
Diagrammatic section showing the ground-water
reservolreceseceaan. e ocam me - mrecnea cemeccre.
Graph showing precipitation at three stations in ey
near the Terra Belle-lost Hills area, Californise-e
Graph shewing average zonthly precipitation at three
stations in or near the Terra Bella-Tost Hills
8rea, Celiforniacce-eeccoacmmcn meamenocmoooe oo -
Grezph showing maximm and minimmm average temperature
al taree stations in or near the Terra Bella-lost
Hills area, Californifteeecceveeaon L L L T
Graph showing estimated ground-water pumpage and water
imported for irrigation, 1935-59 » Terre Bella-Iost
Hills area, California--eceweeo—. P e mem———

Mep showing irrigated acreege, 1953, and sources of

m hy!lrol‘)gic cyCle ----------------- LT T T Sy,
Map showing distribution of aquifer systems and

confined aquifers in marine roCkBw-recrencaanaacan.

L~




|
|
T
i Pagey
Figure 21. Map showing water-spreading sites uud extent of
Permeable materials from land surface to depth
0f 200 feet - vopm cmemcmcc o cta i e— .-
22. Hydrographs of paired shallow ard deep wellgrmammanaa
23. Mup showing wells and areas of declining or rising
water levels, spring 1958w cmmenncamccacaana. emmmmea
2k, Diegram showing water-level profiles alorg section

A-A' in the Terra Bella-Lost H.lls aree, Culif.--=-

25. Map shaowing water-levsl contours of the rrincipal

pumped zone, STring 1959-- =< -wma-- e DL

26. Diagram showing wate: -level profiles along section -

( B-B' in the Terra Bella-Lost Hills area, Gelif,--—-

27. Hydrographs of wells 2k/-6-28Q1, 29R1, ard 33HL and
water deliveries to Delanc-Farlimart irrigation
district fron Friant-Kern Cznsle-- ceececor cmememonen

28. Bydrogrzphs of \ lls 22/27-26N1, 25/22-2F2 end 2E1,
26/26-10R1, 27/23-1R1, srd 28/22-11Nlccmmemeammcane

29. Hydrograph  f wells 27/24~10Q) and 10QC-cce~eeacmence

30. Map showing contewrs of the Plezometric surface of
the confined aquifer system, spring 1959--eemecees-

31. Map shoving contours of the plezometric surface of
the Santa Margarita Formation of Diepenbrock (1933),

BIING 1956--mnrcmmmmcm e e cccecma-

!
'
i
§
P
{
{

1
i
1




Pigure 32.

33.

34,

35.

36.

37.

38.

39.

Mep showing contours of tne Pilezometric surface

of the Ssnts Margerita Formation of Diependrock
(1933), emring 1959---c-ccmmmmaeooo_. Tossvemos—a
Diagram for use in interpreting the anslysis of
irrigation weter showing gelected anulyses in
the Terra Bella-ILost Hills area » Californig-ceceaea
Map 7' owing selected chemical anslyses of surface
and ground waters in the Terra Bella-Iost Hills
area, Californige-weaceoe.. heab DL D LT PP R . EEEE P
éeochmnical section A-A' in the Terra Bells-lost
Hills ares, Californidacvucom e
Geochemical section B-B' in the Terra Belle-lost
Bills srea, Colifornia--emm oo mccac e e ccmacmnae
Geochemical section C-C’ in the Terra Bella-Lost
Hills area, Californig-eeeecacoe- D T cmmcemaa “ma-
Geochemical section D-D' in the Terra Bella-1ost
Hills area, Californifcemmcnmccamncanccacononennaa.
Mep showing high boren amd nitrate concentrations in
the Terra Bella-lost Hills area s Californigeeenca-a

1 For preliminary release all figuree are at end of reyport.



o ,

Y i
/

s

Table 1

Geologic history ef the San Joaquin Valley and

Page

bordering mOURtAINS —mmemmaccmcme e e cecaeea. 28
Generalized celummnar section showing the geologic

units and their wvater-bearing characteristics--ecoe-u 31
Stratigraphy and water-bearing character of the

marine sedimentary rocks of Tertiary L T- - EER T weee 35
Estimated greound-water burnpage, water imported, anmd

total water for irrigation in the Terra Bella-Iost

Bills area, Calif.cocomammam oo 77
Rt SO,
Results of aguifer tests---c--. ———e === 101

Rating of irrigatien water for verious crops on the

——

basis of boron concentration in water-e-—eewcecem—wo. 132

10

Yy, . Wi

U e o

14

e e s 0l

7

23

e ;{/fq{://:{(




PART A

GEOLOGY OF THE TERRA BELIA-IOST HILIS AREA,
SAN JOAQUIN VALLEY, CALIFORNIA

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

ABSTRACT

The Terra Belia-lost Hills area in the southeastern part of
¢ the San Josquir Veiley incluies about 1,700 square miles of Kings,
Tulare and Kern Counties. This Fart of the San Joaquin Valley

heas mild winters, long hot ziummers > and 1ittle precipitation, almost
all of which oceurs durisg the fall and winter menths. The ares
is a basin of interior drainege and the streams are tributary to

e = e oy e

Tulare ILake.

The Terra Bella-Tost Hills arees is characterized by dissected
| uplands, low alluvial plains and fans » Tiver-flood plains and chennels,
and overflow land and lake bottoms.
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Deficiency of supply, conjunctive use of swface snd ground wvater, Y
floods, subsidence of land surface » and protection and maintenance of |
water quality are the most critical water-use problems in the Terra
Bella-lost Hills area. Tuiis report is the first of three dealing with
water-use mroblems 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 downwurp betwean the
tilted block of the Sierra Nevada on the eagt and the complexly
folded and faulted Cosst Ranges on the west. During mich of the
Cretaceous and Tertiary Periods » the San Joaquin Valley was the
site of marine deposition. Overlying the marine rocks are continental
deposits of late Tertiary and Quaternsry age. In the Terra Tella-lost
Eills srea it is estimated that there are at least 15,000 Teet of
continental ani marine deposits of Tertiary and Quaternary age.

The geologic units of the Terra Bella-lost Hills area are
divided into two groupe: ( 1) consolidated rocks vhich include
basement complex of pre-Tertiary age, and nomarine and marine
sedimentary rocks of Tertisry age; and (2) unconsolideted deposits
vhich include continental deposits undifferentieted and the Tulare
Formation of Tertiary ana Quaternary(?) age and older alluvium,
terrace deposits, younger alluvius, flood-basin deposits, and dune

sand of Quaternary age.




““;'Q\——--_pemeg_blg deposits occurs in several distinct aquifers and aquifer
systems,
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The basement complex, which is composed of metamorphic and
igneous rocks, is dense s> 18 of low Permeability, and yields ground
water only in quantities sufficient for stock and domestic use.

The nommarine sedimentary rocks of Tertiary age consist principally

of consolidated apd poorly permeasble shale, siltstone » and conglomerate,
These deposits, lake the basement complex, yleld only minor quantities
of ground water, sufficient only for domestic and stock uses.

The marine rocks of Tertiery age are composed of moderately
permeadble sandstone to relatively impermeable slltstone; the more
Permeable units either are or can become important sources of ground
water. The unconsolidated deposits of laste Tertiary amd Quaternary
age are highly to po::rly Permeabdle and supply the major part of the
ground water punped in the area. Ground v ter contained in the



Two principal aquifer systems in the ares inelwde virtually
all the unconsolidated deposits of Quaternary and Tertiary age. One
of the aquifer systems contuins a semiconfined weter body within the
unconsolidated deposits that overlie the Corcoran Clay Member of the N
Tulare Formation and the deposits thet overlie the marine rocks where _
the Corcorsn is absent. The other aquifer system contains a confined
water body within unconsolidated deposits thet underlie the Corcorsu.
For the most part, the two aquifer systems are not connected vertically.
However, along the east and south mergins of the Corcoren the two
aquifer systems are horizontally interconnected and comprise parts
of a single ground-water reservoir

Underlying about 800 square miles along the eastern mergin of
the area at depths ranging from 1,000 to 2,000 feet below land swrface
the Santa Margarita Formation of Diepenbrock (1933), ranges in
thickness from about 200 to 600 feet and consists primarily of sandy
heds Locally this formetion 1:/ confined aquifer and constitutes an
important source of grourd water.

Underlying the Santa Margarita Formetion of Diepenbrock (1933 )
by about 200 to 300 feet 1s 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

importent source of ground water loeally.
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Jocetion end General Features of the Ares

The San Joaquin Valley, the southern part of which is shown on
figure 1, includes roughly the southern two-thirds cf the Centrel
Valley of California. The Ban Joaguin Valley is bounded by the
Sierra Neveda on the esst, the Coaet R-nges on the west, and the o3
Tehachap: and San Emigdfo Mountains en the south. In the north S
the cambined deltas of the Sacramento and San Joagquin Rivers separate
the Sacramento Velley from the San Joaquin Valley. The San Joagquin
Valley extends 250 miles southeasterly, from the delta ares near
Stockten to CGrapevine, sbout 30 miles south of Bakersfieli.

The Terra Bella-lost Hills erea, which occupies sbout 1,700
square miles in the southeastern pert of the Ban Jeagquin Valley,
lies between 35°30' and 36°00' nerth latitude end 118°52'30" and
119945 west longitude. The area is part of the Tulare Iake drainsge
basin, a surface besin of interior drainage. Within the area the flow
of the streams ariginating in the Sierra Nevada moves towsrd the valley  _ |
trough and thence northward via sloughs and cenals to Tulare lake
(fig. 2). Most stresms in the area are intermfttent, poorly integrated,
and flow only dwring periods of heavy rainfall. One exception, Poso
Creek, flows all year owing to the continual dwmping of oilfield-waste

wveter into its drainege system.
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Avout 1,400 square miles of the area studied is velley area
underlsin by unconsolidated deposits. Most of the vmlley area is
irrigated, sxcept for alkali lands ou the valley floor. Low foothills
and mountains accupy ebout 300 aquare miles aslong the esstern mergin
of the ares. This area is underlsin respectively by unconselidated
and consolidated deposits, and the granitic coaplex of the Sierra
Neveda. Most of this area is used for grazing end dry land farming.

Mild winters, long hot simmers, and little precipitetion, are
typical ef the Terra Bella-Iost Hills area. Most of the jrecipitatien
falls es rain dwuring the fall and winter months. Becesuse ef the
long growing season, mere than one crop per year cam be harvested from
the same acreage.

The area is accessible reedily via U.S5. Highwey 99, Stetes Eighways
65 and 33, and U.S. Highway LE6 which extenis westward frem U.5.

(RS

N

for 1w

Highway 99 at Femeso. The Southern Pacific and the Atchisen,. Tepeks,
apnd Santa Fe railroad provide both passenger end freight service to
the larger cities and towns. (See fig. 1.) .

Delano, the largest town in the area, had a populetion of 11,803
in 1960. Wasco, Shafter, and McFerlend in Kern County and Alpaugh,
Ducor, and Barlimert in Tulare County are busisess and service centers
for the agrieultursl industry that 1s predeminant in the eeconomy of

the area.
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Purpose and Scope of the Investigition

As part of the program of grouni-water investigations in coopera-
tion with the California Department of Water Resources, the U.S.
Geologlcal Survey, in July 1956, began a gechydrologic study of the
Terra Bella-Lost Hills area to define the ground-water reservoir
system and to provide information pertinent to the solution oX the
mincipal water problems of the sres. The prineipel problems related
to water use in the San Joaquin Velley are: (1) deZiciency of supply,
(2) floods, (3) how best o utilize surface end ground vater conjunc-
tively (California Dept. Water Resources, 1957, p. 209), (4) subsidence
of lani surface, (5) protectior and meintensnec of water of good
chemical quality. Of these, only flooding is mot a criticel problem
in the Terra Bella-Iost Hilis area.

The results of the study are reported in three perts. "11113 report,
the first part, describes the geologic units of tb; area, theiy water-
bearing character, and the framework within which ground water occurs
and moves. GCeology is presented first because it is fundamental to
an understanding of the problems that are related to hydrol‘.og' au!:

chemical quality of ground water in the area.

17
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The second part (Pert B - Hydrology) describes the hydrologic
aspects of the investigation end hydrologic principles in general as
they pertain to the source, occurrence » and movement of both swrface B
and ground water in the ares. These Irinciples of hydrology are then , L_;
related to the specific problems of deficiency of supply, floods » ard

conjunctive use of swrface and ground water. The third part (Paxt C -
Quelity of Water) discussed the problem of Irotecting and maintaining
water of good quality in the Terra Bella-Lost Hills area.

The investigetion wes begun under the supervision of G. F. Worts, Jr., 3
and completed undizr the supervision of H. D. Wilscm, Jr., successive
district supervisors in charge of ground -water investigations of the
Geological Survey in Celifornie. Fieldwork was done by G. S. Hilton,

R L. Klausing, R. H. Dale, and D. C. Blakely. The dsta conpilation .
was done by G. S. Hilton, R. L. Klausing, E. J. McClelland. Data o

analysis and preparation of the report was by the authors. s




Previous Investigations

Many agencies and individuals have made investigations of
specific problems and areas {n the southern part of the Sen Joaquin
Valley. However no detailed stuly of the Terrs Belle-lost Hills aree
hes been made mweviously. Pertinent Fevious studies for areas
including or sdjacent to the Terre Bella~-Lost Hills ares were made by

Mendenhali and others (1916), California Division of Engineering and
Irrigetion (1922), Harding (1927 and 1949}, end Davis and others (1959).
In addition the U S. Bureau of Reclamation and Celifornia Department
of Water Resources neve made geologic and wveater-supply studies for

several water conservation districts.
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Well-Humbering System

The well-numbering system shows the lacation of wells ececcsding
to the rectangular system of public-lend surveys. For exsmple, in
the number 25/25-24Kl, assigned to a well 14 miles scuth of Delano,
the part of the number preceding the slash indicates the township
(T. 25 S.); the number between the slash and the hyphen indicates
the range {R. 25 E.); the digit between the hyphen ani the letter
indicates the section (sec. 24); and the letter following tbhe section
number indicates the 40-acre gubdivision of the section, as shown in

the accompanying diagram.

D JjCc B IA
EI{F |G K
MIL |K|J
R |PIQ|R

Within each hO-acre tract the wells are numbered serially, as
indicated by the final digit of the well number. ILetters indicating
cardinal directions appear in the township and range description only
when an aree spens tvo or more quadrants of a particular base ;md
meridier. As all of the Terra Belle-Lost Hills area 1s on the southeas®

quadrant of the Mount Disblo bese and meridian, cardinal directions

are not indiceted in the numbers.
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The gevroarphic unite of the Terra Bella-lost L.ils area have
been classified, after Davis end others (1959, p. 15-35), as the
Sierra Nevada, dissected uplands, low alluviel pleins and fans, ricer
flood plains and channels, and overflow lands eni lake bottoms, which
are shown on figure 2.

Tae Slerrs Nevada is largely one gigentic block thet has been
tilted rlightly westward, owing to feulting amd 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 bhoundery of
the Terra Bella-lost Hills area.

The dissected uplands are areas of moderate relief that include
such features as Buttonwillow Ridge, Semitropic Ridge, Lost Hills and

& belt of low foothills along the western front of the Sierra Nevada. \
Buttenwillow Ridge, which separates Jerry Slough from Buena Vista Slough, ‘

ey

%

.
A

is about 2 miles wide and 15 miles long, and has a maximm altitude of

300 feet and s maximm relief of sbout 65 feet. Semitropic Ridge,
bounded by Jerry Slough on the west, low alluvial fans on the east,

and overflow lands on the porth, is & low ridge approximetely 15 miles
long, 2 miles wide. It has a maximumm altitude of 300 feet and is asbout
65 feet above the level of Jerry Slough. On the east side of the area
the dissected uplands range in width from about 1 mils near Terra Bella
to a maximum of about 14 milee near Femoso. The maximum elevation of
this unit 18 in the southeastern part of the area and 1s sbout 1,800

feet above sea level.



The low alluvial plains and fans unit is represented in the
eastern part of the Terra Be le-Lost Hills area 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 en

' area of coalescing fans and plaine built up by streams entering the

: valley from the Coast Ranges. In the eastern belt the land surface
slopes in a general wvesterly direction from about 12 feat per mile on
the Deer Creek fan to about 30 feet per mile on the Reg Gulch fan.
These pleins and fans occupy & large pert of the valley floor and

constitute en intensively developed egricultural srea.

l The river flood plains and channels, lying slong Foso Creek,
White River, and Deer Creek, are 'ue.u_. defined vhere they are incised
belovw the level of the dissected uplands and low plains and fans.
, - 5 e

Sandy material characterizés deposits-in the channels and silty

i
|
{ material makes up wost of the flood-plain deposits.

¢ \




Overflow laend and lske bottoms include the beds of Tulare and
Goose Iskes and the lowlends in the axal trough. Tulare Jake, a
neerly flet featureless plain, once was believed to have been formed :
by the dsmming of the Kings River and Ios Catos Creek drainages. :
However, the subsurface geology, based on an interpretation of electric
logs of oil and weter wells, indicates that Tulere Iake is sctually a
structurally negative ares formed by downwarping (Davis and others ,

1959, p. 29). At present the lake is restricted to the northwestern
rart of the original lake bed by dikes and levees. In the historical
Past, whenever the level of the lake reached an slevation of 210 feet
above mean sea level, it overflowed northward into the San Joaquin River.
Such overflow lsst occurred in 1878 (Barding, 1949, p. 29-30).

Goose Ieke and Jerry Slough (fig. 2) are south of Tulare Iake
between Semitropic and Buttonwillow Ridges. Jerry Slough 1s 1 to 2
miles wide and slopes gently towerd Goose Iake. Excess Tlow from
the Kern River discharges into Goose Lake » and during times of excessive
runoff, Goose lake overflows into Tulare Iske via capals.

Buena Vista Slough, the northern part of which lies in the Terrs
Bella-lost Hills erea, connects Tulare Iake with Buena Vista Lake, 40
miles to the south. Only during times of excessive runoff does overfiow
Jrom Buena Vista Lake and the Ke=rn River spill into the slough from
which it subsequently discharges into Tulsre Lake. Inflow to Twlere
Lake 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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GENERAL GEOLGGY

The Central Valley is a structural trough more than 400 miles
long, extending from Red Bluff in north-central Californis to Wheeler
Ridge, about 25 miles south of Bakersfield. The San Joaquin Valley,
the southern pert of the Central Valley, is underlain by as much as
28,000 feet of merine spd continentsl deposits of Tertiery and
Quaternary age (Dibblee and Oskeshott, 1953, p. 1503). Several lines
of evidence suggest that deposition of this sedimentary section
occwrred in an asymmetrical trough vhose mrincipal axis lies near amd
approximately parallels the west border of the valley. Veughn (1943,

p. 68) concludes on geophysical evidence that the Sierra Newvada block
continues westward beneath the valley to the flanks of the Cosst Renges.
Wells drilled to rocks of the besement casplex along the east side

of the valley and as far west as the topographic trough (Mey and Hewitt,
1948, pl. 1) confirm this. "That vells of equal or grester depth on wy
the vwest side do not reach the be v'ment rocks further confirme tle
aesymnetrical character of the velley.
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During the Cretaceous Peried and throughout much of the Texrtisry
Period, the structural trough was the locale for deposition of marine
sediments. These sediments ettain their maximm thickness in the
Coast Renges, west of the present valley, and decrease in thickness
easterly towerd the Sierra Revada, where they pinch out againast the
westward-sloping surface of the basement rockc. Interfingering of
the marine sediments with continental deposits of early and middle
Texrtiary age occurs in the eastern part of the valley. Fluvial amd
lacustrine deposites of lszte Tertiary and Quaternary age overlie the
warine sediments throughout most of the valley. In the Terrs Bella-
Lost Hills areu these deposits ere about 2,500 feet thick (ILyons and
Nicklen, 1956, p 2).

Although the Coazat Ranges and Sierra Nevada heve been established
for a long period of geologic time, their present form is chiefly
a result of tectonic movement during late Tertiary and Quoternery time.
Deformation of late Tertiary and Queternary deposits along the valley
border and in the valley itself is due to these movements. Structural
deformation was more intense aslong the western and southern borders
of the valley in contrast to the moderate tilting and folding that
o;:cm-red along the eastern edge.

The Coast Ranges trend northwesterly roughly parallel to the axis
of the velley. They are composed chiefly of sharply folded and
intricately faulted sedimentary rocks. The lost Hills, Buttomwillow
Ridge, end Semitropic Ridge are the surface expressione of anticlines
related in time to the folding in the Coest Ranges.

26
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The westierd-tilled Sierra Nevada fault bleck is compesed of
metamarphic and igneous rocks of the basement complex of pre-Tertiary
age. Along its western edge a narrow belt of congselidated marine
and nomerine sedimentary rocks of Tertiary age mantles the basement
complex of the Sierra and dips gently beneath the unconsolideted deposits
of late Tertiary and Quaternary age of the:Sen Joaguin Valley. These
sediments are broken beth at the surface and in the subsurface by
north- to northwest-trending faults. The principal evenis in the
geelogic histery that are applicable to the Terra Bella-lLost Rills
area of the San Joequin Valley and the bordering meumteins are

sumarized in table 1.

eT




GEOLOGIC UNTLS AND THEIR WATER-BEARING CRARACTER

Ground water occurs and moves within the framework of the various
geologic unite, thus a knowledge of the geology of an aree 1s essential
to an apalysis of water-use problems. Accomdingly, the geologic
units of the Terra Bella-lost Hills eres are distinguished and
described herein both as to their physical composition, stratigraphic
position, and their vat~r-besring character. Because the scope of
the investigation prec 4 extensive geologic mapping, the geology,
in lerge part; is e compi.ation based on solls maps of Anderson and
others (1942) and Storie and others (1942) Besed on these frevious
studles, the geologic units of the Terra Belle-Tost Hills area werz
divided into two principel groups: (1) consolidated rocks, which
include the basement complex of pre-Tertiary sge and nommarine
sedimentary rocks and msrine rocks of Tertiary age and (2) unconsolideted
deposits which include conmtinental and lacustrine deposits of late
Tertiary and Quaternary age.

The areal extent and stratigraphic sequence of the geologic units
are ghown in figure 3. The stretigraphic sequence, 1itrologic
character, thickness, and water-beasring properties of the units are
summarized in table 2. Geologic sections (fig. 4) show gencrelized
structure, stratigraphic correlations, and lithologic character of
the weter-bearing depesits as interpreted from drillers’ logs and

electric logs of water and o1l wells,
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Consolidated Rocks

Basement Complex W
S
Metamorphic end igneous rocks of the Sieirs Wevada erop out =

along the eastern margin of the area and 8lope westward beneath the
sedimentary rocks of Tertiary and Quaternary age in the San Joaquin
Valley. The igneous rocks range in campositiocn from granite to
gabbro end the metamorphic rocks consist largely of quartzite,
schist, gneiss, and crystalline limestone.

Although the rocks of the basement complex are relatively
impermeable, they mey yleld sufficient water fram fractures and
Joints for domestic and stock use. They are present at great depth
beneath the intensively cultivated area of the valley, but are of
no importance as & source of water supply except around the margins
of the valley where they underlie the foothill areas vhich receive
the major pert of the mrecipitation within the drainage ares. Tt
is runoff from these mountainous arees that contributes the largest

amount of recharge to the ground -water body.
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Nonmarine Sedimentary Rocks

Nonmarine cedimentary rocks of Tertiary age crop out along the
east edge of the Terra Bella-lost Hills area (fig. 3) and overlie
the granitic rocks of the basement complex at depth beneath the San
Joagquin Valley floor. These deposits consist of poorly sorted,
consolidated, coerse sendstone and conglomerate with interbedded
greenish shale and occasional beds of wolcanic ash. This sedimentary
section, referred to as the Welker Formation by Wilhelm and Saunders .
(1927, »- 9), 1is characterized by repid facies changes and lensing of
individusl beds. A few miles west of the outcrop area toward the
central pert of the valley the formetion is fine grained and probably
grades into the msrine rocks. In the outcrop area the beds strike in
a north to northwesterly direction and dip T° to 10° toward the west.
Their maximum thickness, as observed by Albright and others (1957,
p. 13), is apyroximately 850 feet.

The nommarine sedimentary rocks generally are poorly permeable;

even the coarse-grained sandstone and conglomerate yleld only small

quantities of water to wells. Ground water in and nesr the outcrop _
sres (fig. 3) generally is fresh, but down dip and at moderate depths ‘ | ﬁ"
1t becomes brackish to highly mineralized. %%

Wilhelm and Saunders (1927, p 9) considered the formetion to : 3:‘
be Miocene in age. However others such as Perk and Weddel (1959, .. 3 J
pl. 3), considered the formation to be Eocene to Miocene in age. .
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Marine Rocks

In the southern part of the area marine rocks of Miocene age
crop out in & 5- to 6-mile-wide belt which thin to less than 2 miles
in the north (fig. 3). The beds strike from north to northwest and
dip 6° to 10° to the west Predominately northwest- and east-trending
faults trrnsect the outcrop in the vicinity of Poso Creek. In the
Foso Creek area three units, one predominently silty end two sandy,
can be distinguished in the outcrops

In the San Joaquin Valley north of the Kern River, oil geologists
have identified at least eight merine units that sre recognizable
in the subsurface of the Terra Bella-Lost Hills erea and are shown
on the generalized stratigraphic section (fig. 3). Table 3 lists
seven units pertinent to this study. The San Joaquin Formation is
not described because it is predominently cley and occurs only in
the central and uesterj/ parts of the valley; generally it is not
1

tapped by wveter wells.™ In the subswrface, a maximum thickness in

1. Subsequent to the preparation of this report preliminary
studies (Klausing, R L , and Iolman, K. E., written comunicaetion,
1963 ) suggest that a section of merine Pliocene occurs at Richgrove

and should be assigned to the San Joaquin Formation.

excess of 3,000 feet 1s indicated for merine deposits of Tertiary age
(Albright and others, 1957, p. 13). which in the subsurface range in

age from Eocene to Pliocene
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The Etchegoin Formation, the Round Mountein Silt of Diepenbrock
(1933, p. 14-16) and the Freeman-Jewitt Silt of Albright and others
(1957, p. 13) are not now sources of water and are not considered
potential sources of water. The Santa Margarita Formation of Diepenbrock
(1933, p. 13) and the Olcese Sand of Diepenbrock {1933, p. 14) are now
sources of water and the Pyramid Hill and Vedder Sand of Albright and

otberas (1957, p. 13) are potential sources of water.

The Senta Margarita Formastion of Diepenbrock slg;i}!.-- ‘me Santa

Margarita Formation of Diepenbrock (1933, p. 1&) of Miocene age (table 3)

described in this asrea for the first time, underlies an area of
approximetely 800 square miles between U.S. Highvay 99 and the foothills
of the Sierra Nevada. The tor of the formation, as shown by figure 5, N

indicates that it trends northwest, peralleling the trough of the valley.

The northern extent of the aquifer has not been determined dut it is
known to underlie much of P. 22 S., R. 2T E. Because of insufficlent
control, however, the subsurface contours on the top of the aquifer
have not been extended south of FPosc Creek.

The Santa Mergarita Formation (table 3) amd over]:ying Etchegoin
Formation is overlaln by poorly permesble clay and silt of the basal
part of the continental deposits undifferentiated end is underlain by
the relatively impermeable Round Mountain Silt of Diepenbrock (1933,

p. 1h)

el ardvisn.
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A representative electric log (fig 6) of e well drilled in the
BWi sec 29, T 24 8., R 2T E shows the nature of the foymation

from 1,750 to 2,000 feet below land surface. Resistivity and

spontaneous potentiel curves, characteristic of the formstion through- %

out: the Richgrove area, also are shown in figure 4, prefiles A, B, and

I

C The top and bottom of the formation usually ere well delineated

o
ey

e et

in the eleetric log Wy sherp changes in the resistivity and spontaneous

potential The thickness of the formetion as shown by figure T ranges

=
HE
g
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P
e

from about 200 to 600 feet.

More direct determinations of the mature of the depcsits have been e
made frem the examination of core samples collected from test wells. &
(- A test hole drilled by the Geological Survey, in cooperation with .
, ) the State of Califernia, reached & depth of 2,200 feet in the ME}
sec. 36, T. 24 B., R. 26 E., and penetrated apwoximtely}oo- feet
of the Santa Margarita Formetion (Diepembrock, 1933). Cere samples
from the hole consisted of very fine to very ccarse » anguley to
subrounded grains of greenish-gray samd. hedmimmnm‘““ T =3
' of the sand were quartz, feldspar, and mica. The major part of the :

cored Interval consisted of loose sand; the remainder was well-cemented

sandstone. The sand generally was clean and well sorted. o




The Senta Margarits sppears to be highly permeable. Wells
drilled into the formation are reported to yield several hundred .
to as much as 1,950 gmm (gallons per minute). However, because the
wells drilled into the formation generally are perforated in the
semiconfined aquifer system, the percentage of the water that comes
exclusively from the Sants Margarita cemnnot be determined. Westward
develoment of the aquifer will probebly be restricted by the base
of the fresh water, estimated positior shewn on figure 5.

Because the meterial both above and below the formation is of
low permeasbility it is assumed thet the Santa Margarita functisns
at e single hydraulic unit and that it conteins a confined water

body.
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Gleese Sand of Diepenmbreock (1933, p 14) --The Olcese Sand underlies

about 800 square miles of Terra Bella-Iost Hills area along the east
side of the San Joaguin Valley. Contours (fig 8) on the tep of the
serdl show that it trends nerthwes’ parallel to the trough of the valley.
It extends north and probably south of the study area. The northern
extent of the aguifer has not been determined but it is known to extend
as far nerth as T 22 S , R. 26 E Insufficient control prevents the
extension of the subsurface conteurs south of Poso Creek,

The tep of the sand lies 200 to 300 feet below the base of the
Santa Margarita and ranges frem about 1,500 to 2,700 feet helew land
surface in the vicinity of Richgrove and Jasmin. The th,ckness of the
sand ranges from less than 100 to more then 450 feet.

The Olcese Send of Diepembrock (1933, p. 14) is overlain by
relatively imvmermesble beds of the Round Mouncain Silt (Diepenbrock,
1933, p. 14), end is underlsin by silt and clay of the Freeman-Jewett
S11t {Albright and others, 1957, p. 13). Confinement at the base of
the send probably is not effective throughout the area because sandy
lenses are present in the Freeman-Jewett Silt (Albright and others,
1957, p- 13).

An electric log of an oil-test well (fig. 9) in the SWi sec. 29,
T. 24 8., R 27 E , shows txe nature of the send from 2,280 to 2,570
feet below land surface.

The Olcese Sand probably functions es a single hydraulic unit and
contains a confined water ovody. Hydraulic connection, with the overlying
Richgrove aquifer if any, i3 poor because of the intervening poorly
permeeble depasits of the Rouni Mountain Silt.
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Pyramid Hill end Vedder Sands of Albright and others (1957, p. 13).--
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The Pyremid Hill and Vedder Sends (Albrig} and others, 1957) which

underlie the poorly permeable Freemen-Jewett Silt (Albright amd

n

others, 1957) may represent possible sources of vater far a limited
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Unconsolidated Deposits

In the Terra Bella-lost Hills area the unconsolidated deposits

have oeen divided into seven units and from oldest to youngest include:

o s <
A e s ¢

(1) continental deposits, undifferentiated, (2) Tulare Formation,

Yok

(3) older alluvium, (4) terrace deposits, (5) younger alluvium,
(6) flood-basin deposits, and (7) dune sard.

The unconsolideted deposits were derived from similar source areas
and, except for the flood-basin deposits, were leid dovn in subeserial
envi srments. For the most part, the unconsolidated deposits have
similar lithologies and are difficult to differentiate in the sub-
surface. Along the valley margin recognizable differences in topographic
expression end amount of stream dissection serve in part as a basie _;
for differentintion of the units. The flood-basin deposits generally
are finer grained thaa the younger and older alluvium.

The lithologic character cf the unconsolidated deposits is
dependent upon several factors, chiefly the competence and capecity
of the stream that deposited the sediment, the environment in which
the deposit was laid down, end the type of rocks in the source are=.

The competence of a stveam is meesured by the lergest size
particle it can transport, whereas the capacity is measured by the
amount of detritus that it can carry. Both increase exponentially
with incresse in the volume of flow and the gradient of the stream

bed, that is, increeses in flow and sieepening of gradient result

in greater ability to transport load. The volume of flow reflects

chiefly the amount of precipitation on the watershed. 3“
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Streams tributary to the San Joaquin Valley have flatter gradients
in the valley than in their upland and mountain watersheds. Competence
and cepacity decrease with the decreese in gradient; consequently,
much of the loed, including most of the cosrse detritus, is deposited -

vhere the stresus leave the dissected uplands on the east side of the
area.

Rock types 1n the source ares influence the grain size, mineral
composilion, texture, and color of the deposits. Influsnce of source
area -on grain size can be resdily illustrated by comparing detritus
from a source area underlain by fine-grained sediments or recks with
one underlain by, say, a coarse-grained sandstone. Streams draining
the fine-grained rocks would have no sand or course-grained materials

( to deposit; the streems dreining the coarse-greined sendsteone would
deposit coarse sapd predominantly. Al)l the streams tributary to the
Terra Bella-Icst Hills area, however, derive their sediment losd from

: several types of source rocks. Poso Creek, Rag Gulch, and White River

drain areas underlain by granitic rocks of the Sierra Neveda which

gupply sand and by fine-grained sedimentsry rocks vwhich supply silt or

clay Deer Creek probably deposits mostly sand because it drains an N

—

area composed lergely of granitic rocks of the Sierra Nevede; eedimentary

f rocks of Tertlery age are not exposed extensively in its drainage ares. ¥
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Continental Deposits Undifferentisted

The unit continental deposits undifferentisted (fig. 3) includes
the informally named Kern River Formation as restricted by Diepenbrock
(1933, ». 12-29) and older deposits of continental origin thet rest
on an erosion surface truacating Mioqene and older marine rocks along
the eastern border of the Ban Joaguin Valley These deposits, which
accumulated on alluviml fans, form the continental equivalent of
Tertisry marine umits deposited in the San Josquin besin.

Diepenbrock (1933, p. 12-29) determined from stratigraphic and
paleontologic informetion obtained from oil wells in the Kern Front
area of the Kern River oilfield that the so-called Kern River Series
contained a fosail-bearing claystone of marine origin, and, on this
basis, divided the series into three units » Which he called the Kern
River, Ftchegoin, and Chanec Formations.

Elsewhere along the eastern margin of the San Jeaquin Valley,
logs of oil wells show thet near the mergins of the valley the con-~
tinental deposits undifferentiatced grade downward into marine rocks of
late Miocene age and that farther basinward the continental veds grade
laterally into marine rocks of Miocene amd Fliocene age. The exact
contact between the continental deposits and the underlying marine
rocks, therefore, is difficult tc recognize, and it is virtually

impoesible to separate Diepenbrock's Kern River Formetion from the

underlying Chanac Formation.




For these reasons the continental deposita along the east border
of {se San Joaquin Valley in southern Tulare and Kern Counties are
referred to here as contipental deposits undifferentisted.

The Etchegoin Formation is not exposed along the east border of
the San Josquin Valley and because of its depth below land surfece is
not & source of water to wells; hence it is not discussed further in
this report.

In the outerop, the continental deposits undifferentiated are
exposed in & belt thet decreases in width from 10 to 12 riles wide in
the south to 7 to 9 miles in the north; this belt is traversed by ) _
north-trending faulte. The beds strike north to northwest and aip 5%
4© %o T° to the west; they decrease in thickness from north to south.
These deposits are exposed best in bluffs Paralleling the south bank
of the Kern River near Bakersfield; they are 500 to 600 feet thick
and dip gently (4°-6°) westward beneath the younger alluvial deposits
of the San Joaquin Valiey. Where overlein by younger sediments, these -~
deposits range in thickness from sbout 500 feet to about 2,000 te;t.

The deposits consist of sandy clay interbedded with loosely A
consolidated, generally poorly bedded, and 11l-sorted sand apd gravel.
Exposed basal beds are generally fine grained and green:lsh-yellov\to .

greenish-blue in color, whereaa the middle and upper beds are generally\' ,

fine grained and brown to reddish-brown in color.

L




In the subsurface, these deposits comprise three genersl types:
the upper pact incliudes the coarser and more permeable brawn depoaits,
the middle part is characterized by s change in color from brown to
green, and an increase in the percentage of fine-grained meterials.
The basal part contains interstratified greenish marine and nommerine

fine-grained sand and clay

These sediments and the related deposite of the Tulare Formation

¥yield most of the ground water to wells in the Terra Bella-Iost Hills

area. BRBased on well-yield characteristics and examination Sf

drillers’ logs, the most permesble and productive water-besring units .
Frobably are the youngest beds.
. In the part of the Terra Bella-Lost Hills area beunded<by

( McFarland en the nerth, Shafter on the south, Semitrepic Ridge on
the west and Highway 99 on the east, the rontinental deposits . -
usdifferentiated apparently are relatively coarse and very permeable.
Well-yield characteristice end examination of drillers' logs
substantiate this conclusion It is believed that the ancestral

! Kern River transported most of this detritus inte the suberea.

; Small streams, such as Poso Creek, mprobably contributed a small

amount of poerly sorted matsrial
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Pulare Formation

The fresh-water deposits of ggpsiferous send and clay exposed
along the west border of the Ssn Joequin Valley were assigned to the
Tulare Formation by F M. Anderson (1905, p. 181). The Tulare Formatior
includes those deposits derived from the west side of the San Joaquin
Vaelley that are usually folded or tilted end overlie marine sedimentary
rocks of Miocene or Pliocene age In the Terra Bella-lest Hille area
the Tulere Formation is believed to be equivalent in pert to the "
uppermost oeds of the continental deposits undifferentiated snd is
late Pllocene end eerly Pleistocene(?) in age.

In the Terra Bella-lost Hills area the Tulare Formation is
exposed in the Lost Hills snticline. The exact thickneas of the
Tulare Formation is unknown because it is almost izpossible to
distinguish, with any degree of certainty, the contact between the

Tulare Formation and tre elluvium above and the San Joaguin Formstion

below.




In the subsurface the Tulare consists of yellow and blue sediments
which mey total as much as 2,200 feet thick Primarily, bluish sand ,
clay, and gravel are found in the subsurface 1 the vieinity of the
Tulare lake where deposition took place in a subagueous environment
during Pliocene and Pleistocene btime. Farther to the south, yellow
gypsiferous send, gravel, and clay interfinger and interstratify with o
bluish sediments; therefore, subaqueous and subserial conditions g
alternated as streems debouching from the Coast Ranges deposited
materials on alluvial fans apd in deltss, swamps, and lakes in the valley
trough.

In the subsurface one persistent and extensive stratum, a dla-
tomaceous silty clay can be traced from the type area, north of the
town of Corcoran, south into the Terra Bella-Iost Hills area. The
clay was named the Corcorsn Clay by Frink and Kues (1954) and
designated the Corcoran Clay Member of the Tulare Formetion by Polend
and others (1958, p. 117-119). The extent and apmroximate thickness of
the Corcoran in the Terra Bella-Iost Hills area iz shown on figure 10
an? the altitude of the base of the Corcoran is shown on figure 1l.

In the western part of the Terra Bella-Iost Hills area the Tulare
Formetion, on the average, is moderately permeable and wells that tap
1% both sbove end below the Corcoran yield most of the ground water
pumped in the area. A representative electric log of a well that

penetrates the Corcoran is shown on figure 12.




Older allavium

Older alluviw: crops cut along {he east side of the valley in
a disccntiaunus belt, ranging in width from 6 to 8 miles in the south
to 2 to 10 miles in the north. Older alluvium also crops out along
the southwest side of the valley beneath Antelope Flain and ia the
central part of the valley beneath Buttonwillow Ridge and Semitropic
Ridge

Along the esst side of the valley the older alluvium is coapoeed
of poorly sorted lenticular deposits of clay, silt, send, ami gravel
that are loosely consolidated to cemented. Along the west side of
the valley the older alluvium is composed of silt or fine sand. In
both areas the deposits are brewn to reddish-brown in color. Hardpan
and cemented zones occur in surface and subsurfece sections. Beneath
Buttonwillow Ridge and Semitropic Ridge the older alluvium virtually
is indistinguishable from the fine-grained dark colored flood-basin
deposits.

T™he older elluvium cannot be differentiated from the underlying
deposits in the subsurface and the thickness of the vlder aliuvium
hes not been determined. However the thickness probably does not
exceed 200 feet.

Based on its stretigraphic position, the older alluvium at depth
probably 1s late Pleistocene in age. However, because the older alluvium
in the subsurface cannot be differentisted from the overlying younger
alluvium, the older alluvium as mapped could be Recent in age in pert.
The alder alluvium, though locally -ery permesble, probebly is less

permeable on the average than the younger alluvium, owing to the yresence
of cemented zones ani @ greater degree of consolidation.

L8




- ——— - B - - e = R e N e vy SR Ormers, opTYETIOS S i e

Terrace Pepasits

Terrace deposits border the lower and middle resches of the
larger streams in the Terra Bella-Lost Hills srea. They are poorly
bedded, 1ll sorted, and no greater than 50 feet thick. The poarly
gorted sand and gravel, composed of fragments of gsnitic ard
metsmorphic rocks apl seme clay, characterize these deposits.
Tocally the aeposits mey he cemented.

The terrsce deposits are Pleistocene in age. Remnents of low
reliet elong active streams may be Recent in age. Though moderately
permeeble, they are thin, generally occur above the satwrated zene,

end are of little significance as a sourc+ of ground water.




Younger Alluvium

The younger alluvium {£ig. 3) includes the depesits in stream
channels and the materisls umderlying active alluvial fans For
the most part it is of Re-ent age but in part at depth may be late
Pleistecene.

These deposits consist of a complex of interstratified and
discontinuous beds of unsorted to fairly well-sorted sand, silt,
gravel, and elay. Usually, these deposits ars cosarsest near the
apexes of the alluvial fans and become finer grained and better
sorted toward the valley trough; they interfinger end are inter-
stradifled with the flood-basin deposits.

The younger alluvium probably is no thicker than 100 feet in
the Terrs Bella-lost Hills area. Cemeanted zones or hardpan

T —— .
characteristic of the underlying older alluvium and the other
geologic units are absent in the younger alluvium

The younger alluvium, although quite permeable, is thin and

h-_h_‘—__-___—""—‘"-—-——-___
therefore probably ylelds water sufficient in quantity for domestic
and stock use only. The ycuager alluvium serves as a pemab\l‘e\
medium thx ough which recherge from streams percolates downward to

wvater bodies in the underlying older geologic units.
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Flood-~Basin Deposits

Flocd-~basin depesits include those fine-grained materiels
underlying Tulare Lake and ether fine-grained materiels deposited
on cverflow lands end in slough areas in the irough of the valley
by sluggish flood waters discharging into Tulave lake. Chiefly they
are composed of relatively impermeable silt and clay interbedded
with some moderztely to poerly permeable sand layers that interfinger
with and are the age equivalent of the younger alluvium. The thick-
ness of the flood-basin deposits is unknown because they overlie
fine-grained lecustrine and swemp deposits which are a facles (fig. 4)

of the clder alluvium and other unconselidated deposits of Tertiary

\

( and Quaternary age that eennot be differentiated from the fleod-basin

Bl o

deposits. However 1t is estimated t:at the Fflood-basin deposits

)
g

Pkt

Probably are con the order of 50 feet thick. 'The fine-greined
laeustrine end swamp deposits thet underlie and are indistinguishable

from the flood-basin deposits are considered to be the fine-grained

_\
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faeles of the older deposits.

Because the quality of the water througheut much of the flood-

basin deposite may be inferior anl because the deposits generally

are of lew permea®ility, they are not considered a major source §

of water supply. Locally, however, the deposits yleld sufficient

quantities of water for domestic and stock uses.
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Dune Send
¥

Dune sand of Recent age mantles ridges which represent former
strand lines of Tulare Lake 5 the sand represents beach sand of
the lake which has been winnowed and reworked by wind aetion. The
dunes are very limited in erea and parallel in alinement the former
strand lines.

Dune sand is composed of loose, well-sorted, grasy send; 1t is
chiefly a quartz sand erd 1s no grester than 4 feet in thickness.
This uni® 1s not & source of water to wells as the deposits occur

abeve the satwrated zone.
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GEOLOGY IN RELATION TO RYDROLOGY

The unconscoliasted continental demnsits of late Tertisry and
Quaternary age ani the permeable beds in the upper part of the marine

rocks of Tertiary ege comprise the ground-water reservoir of the

Terra Bella-lost Hills area. These deposits comprise three relatively

distinct aquifer systems which are herein called: (1) semiconfined
aquifer system, (2) con’ined aquifer system, and (3) confined aquifers
in marine rocks

The vertical boundaries of the aquifer systems are well defined
and witkin the merine rocks these bounderies correspond with forma-
tional toundaries. However, the lateral boundaries of the aguifer
( ; systems are not always well defined, elso some of the boundaries

lle outside the Terra Belle-Lost Hills area.
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Semicenfined Aquifer System

Where the Corcoran Clay Member of the Tulere Formation is present
(fig. 5), that part of the semiconfined aquifer system above it, as L

shown on figure 4, comsists of younger alluvium, flood-basin deposits, -

older alluvium, the upper part of the Tulare Formation, continental
deposits undifferentisted, and lacustripe and swamp deposits that are 8
the equivalents of older elluvium, Tulere Formation, and continental
deposits undifferentiated. These deposits range in thickness from B
about 280 to 500 feet.
Beyond the eastern and southern boundsries of the Corcoran the
semiconfined aquifer system extends throughout the full verticel extent X
(' of the saturatea deposits down to the top of the marine rocks or to 3
the first extensive and relatively impermesble bed overlying ihe marine
rocks; 1t comprises younger alluvium, flood-baein deposits, older
alluvium, and poesibly the Tulare Formetion, conuinental deposite
undifferentiated, and the lucustrine and swamp deposits that are the
equivalents of older alluvium, Tulsre Formation, and continental
deposits undifferentiated. These deposits range in thickness from .
- zero to about 2,000 feet . ¥
The semiconfined aquifer system in general, consists of lenticular
deposits of clay, silt, sand and grevel. These deposits have different
i permeabllities; the clay and the silt are the least permeadble and the

| well-sorted sand and gravel are the most perm»able. In addition easch
type of material hae different verticel and horizontel permeabilities.

\ Hovever, the differences in permeabilities are differences of degree

only and thus the group of deposits forms an aguifer asystem that containa *
a8 semiconfined water body that functions as a aingle hydraulie unit.
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Confined Aquifer System

N The confined squifer system comprised the unconsolidated depoeits
:3\ underlying the Corcoran amd for the most part consist of (fig. &4)

the Tulare Formation, consisting of generally poorly sorted samd,

N silt, and clay of lacustrine, deltaic, end flocd-plaiu, origin In

. the esrea where the thicknees of the Corcoran is greater then ebout

K

60 feet (fig. %) the deposits largely consist of peorly permesble

-
(g

s8llt end clay and occasional lenses and beds of poorly sorted to well- ;.

s .
!

o~

B sorted sand. In that part of the srees where the thickness of the

?\i overlying Corcoran is less than about 60 feet - the deposits usually

“ become more sandy and therefore somevhat more permeable.

{; ( The confined aquifer system has little vertical hydraulic inter-

2\ connection with the semiconfined aquifer system overlying the Coreoran.
@ However, beyond the eastern and southern margins of the Corcorsn, the \
R confined aquifsr system grades laterally into the semiconfined system
h\i‘ . (rig. 13), where there is direct horizontal hydraulic interconnection 3

3

L

~ % A
£

. between the two systems.




Confined Aquifers in Marine Rocks

Along the east side of the Terra Bella-ILost Kills ares » consolidated
marine recks ef Tertiary age underlie the undifferentiated continental
deposits at depths ranging frem about 1,000 feet to sbout 3,100 feet
below land surface. These marine rocks consist of alternating poorly
Permeable claystone, siltstene, «nd permeable sand. The sand beds are
confined locally and where they are penetrated by water wells, they
funct.ien as confined aquiiers. Although these rocks were depesited in
& marine environment, the saline connete water has been flushed eut
and replaced by fresh water.

The marine sand comprises at least two distinct cenfined aquifers:

; C‘ the Santa Margarita Fermation of Diepenbrock (1933, p. 13) which is &n
important source of water in the vicinity of Richgreve and the @lcese
Band of Diepenbrock (1933, p. 14) which at the mresent time is enly
slightly atilized but may become an important source of weter. In

AT A e e e

eddition the Pyramid Hill and Vedder Sends of Albright end others

s

(1557, ». 13), which presently are not used as a source of weter mey

also represent & potential source of water for future development.
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Geologic Sections as Indicators of

Aquifers and Aquifer Systems

Four east-west geologic sections (fig. 4), constructed from
representative drillers' logs and electric logs of oil-test and
weier wells, show the subsurface geology of the Terra Bella-iost
Hills area and the boundaries of the semiconfined and confined
aquifer systems The s lincment of these sections and the location
of water wells for wiich electric and drillers' logs were plotted on

the sections are shovn on figure 3.

Section A-4'

Geologic section A-A' (fig. L) trends westward aloig a line
(fig. 3) passing 2 miles south of Terre Bella, through /lpaugh, and
ending at the west edge of Tulare lake Electric and drillers' logs
indicate the water-bearing deposits tapped by wells and the extent
and thickness of the Corcoran Clay Member of the Tulare Formation and
the underlying Senta Margarita Formation.

The section shows thest the Corcoran extends eastward about 25
miles from well 23/21-88 to about well 23/25-8L1. It shows also,
that the thicimess of the clay ranges from 100 feet in well 23/21-10H
to about 4O feet 1z well 23/24-16R1. Beneath Tulare Iake, from well

3/23-14M1 to well 23/21-10H, the Corcoren dips gently towerd the

center of the leke bed. East of Tulsre Lake, the Corcoran rises

about 70 feet per mile.




The poorly sorted, fine-grained depesits of the semiconfined
aquifer syrtem extend from about 23— miles east of well 23/28-71? to
sbout 1 mile west of well 23/21-8E From well 23/25 811 to well
23/21-8E the semiconfined aquifer overlies the Corcoran and has e
maximum ttickness of about 800 feet. East of well 23/25-8L1 the
semiconfined aquifer system overlies the marine deposits escept rear
well 23/28-7F where 1t overlies the basement complex The thickness
of the aquifer system ranges from 0 to sbout 1,950 feet

The conf’ »d aquifer system uderlying the Corcoran Clay Member
of the Twlare Formation excends from the western edge of the sect.on
to ebout 1 mile east of well 23/25-8L1 where the overlying confining
clay pinches out end the deposits of the confined aquifer merge wi.h
those of the semiconfined aquifer Electric 1°3s of wells in the
west part of the arem show thet the deposits umaerlying the Corcoran
are fine grained.

The Santa Margarita is correlated, in this section, from well
23/26-18a past well 23/26-1J1; the aquifer thins rapidly to the east
end apperently pinches out in the subsurface. The top of the aguifer
dips about 200 feet per mile to the west from well 23/26-1J1 to well
23/26-18A; the thickness is 420 feet in well 23/26-18A.

The Olcese Sand is not shown on this sectien beecpuse it is not

penetrated by wells in this lmmediate ares.

-
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Section B-B'

Geologic section B-B' extends from the south edge of Tulare Lake
on the west to near Vhite River on the east, passing lf’_} miles north
of Richgrove It shows the deposits penetrsted by both oll and weter
wells and the extent, thickness, and structure of the Corecoran Clay
Membver of the Tulzre Formation and parts of Santa Margarita and Olcese
Scrd

4long this sectlon the Corcoran extends from nesr well 24/21-19N
to past well 24/24-22R, a distance of at lesst 23 miles. From near
sell 24/21-19N to well 2b4/23-20G, the Corcoran rises gently about ‘
20 feet per mile to the east, its thickness decreases from about 120
feet in well 24/22-29A1 to ebout 40 feet in the vicinity of well
24/23-206  From well 24/22-29A1 to well 24/24-20A2 the configuration
of the Ceorcorasn reflects the subsuface anticlinal siructure of the
Trico gas field; the thickness ranges from 80 feet in well 24/22-27B1
to 40 feet in well 24/24L-20A2. The Corcoran rises gently, about 30
feet per mile, from well 24/24-20A2 to well 24/24-22R; it has not
been recognized east of well 24/24-22R

The semiconfined aquifer system extends westward from the vicinity ‘_\__9.
of White River to the western edge of the section. From the western I
edge of the sectlon to sbout 1 mile emst of well 24/2L-22R the
aquifer overlies the Corcoran and consists of blue, fine-grained

sand and clay deposits which ettein e meximum thickness of about

600 feet 1 mile west of well 24/22-29A1.




o~

East of well 24/24-25A1 the semiconfined maquifer system is composed
cf fine-grained depcsits which predominate in the vicinity of the
gedimentery rock-basement complex contact at the esstern end of the
section, poorly-sorted and poorly-permeasble meterlals were derived
from the smell streems draining the Sierrs Nevada Coerser materials
in wells 24/26-2T7F1 and 24/25-25R1, reflect the depositional environ-
ment of Vhite River and Rag Gulch slluvial fans, these deposits become
more fine grained towerd the trough of the valley and attein &
maximm thickness of about 1,670 feet.

The confined aquifer system below the Corcoran consists largely
of lacustrine and deltalc deposits These deposits extend from the
west edge of the section to the vicinity of well 24/24-25A1 where they
merge with the deposits of the semiconfined aguifer

The Santa Margerite Formation and the Olcese Sand occur cnly in
the subswrface on the esst side of the Sen Josquin Valley. BEast of
well 24/27-26K both squifers lose their identity as recognizable units,
either by pinching out or by eppreciable increeses in sand content of
the'clays lying above and below the aquifers. West of well 24/27-26K

the Sants Margarita has been extensively penetrated by water wells

Section C-C'

Ceclogic section C-C' trends esstward passing T miles north of
Iost Hills, through the small ceommunity of Pond, 3 miles south of Delano
and ends near Rag Gulch. This section inmdicates the deposits penetrated
oy 0il and wster wells end the extent, thickness, and structure of the
Corcoran Clay Member, and the Sants Margarita Formation and Olcese Sand.
60




The Corcoran extends eastward from well 25/22-30N past well
25/23-29A1; the thickness ranges from 40 feet in 25/22-308 to 60
feet in well 25/23-29A1. Insufficient dete prevents the extension
. of the Corcoran west of well 25/22-30N The Corcoran dips about 20 !
feet per mile to the west from well 25/23-29A1 to well 25/22-~30N.

The semiconfined aquifer system above the Corcorsn is composed
largely of flood~basin and lacustrine deposits. These represent the
lacustrine and swamp deposits, equivelents of the younger and older
alluvium and the continental deposits undifferentiated. A%t the extreme
west end of the section older elluvium interfingers with sand and cley
of the flood-basin deposits ebout bi miles west of 25/22-30N--that is,

from well 25/22-30N to the vicinity of well 25/23-29A1. Farther east

7

these deposits are intercelasted with the younger and older slluvium

and poselbly with the undifferentiated continental depoeits. East of
where the Corcoren pinches out the semiconfined aquifer system consists

of fine-grained and poorly consolidsted deposite which underlie the i
line of section to its emstern end These deposits are included in

the older alluvium and Xern River Formetion of Diepenbrock (1933), apa T

' older continental deposits.
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The confined squifer system below-the Corsoran extands eastvard
from well 25/22-30K to the eastern edge of the Gorcoran vhere the
confined aquifer system merges with the semiconfined aquifer systen.

The Santa Margsrita Formetion and the Olcese Sand underlie s
limited ares roughly between wells 25/27-31J and 25/27-35B. East of
well 25/27-35B, these aquifers lose their identities as hydralegic
units

The Pyramid Hill and Vedder Sands which are Irecent in well

25/27-35B cannot be correlstad either up dip or down dip because of
insufficient data.
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Section D-D!’

Geologic section D-D' extends eastwerd from the alluvial-fen
deposits of west-side streems through Shefter {fig. 3) to the dissected
uplands south of Poso Creek. The line of section traverses Buena Vista
Slough, Buttonwillow Ridge, Jerry Slough, and Semitropic Ridge. The
section shows the logs of oil end water wells which penetrate tﬁe
deposits of the semiconfined aquifer system.

West of well 28/22-9Ll the older alluvium of west-side streams
crops out, these deposits interfinger with the fine-grained materinls
urderlying Buena Viste Slough. Deposits of older alluvium are present
on Buttonwillow and Semitropic Ridge, whereas fine-grained flood-basin
deposits underlie Buena Viste and Jerry Sloughs. East of well 28/24-4P1,
the older alluvium is overlain by sandy younger alluvium

In the dissected uplande, adjacent to the eastern end of section
D-D', fine-grained depcsits of the continental deposits undifferentiated
unconformably overlie the marine rocks of Tertiary age. To the west
the contimenmtal-deposits undifferentiated are in turn overlain by
older alluviunm. b

The Santa Margarita Formation eud the Olcese Sand probably are
represented in the subsurface near the east edge of the section. However
they are fine grained and cannot definitely be defined. Valleyward the
aquifers mre progressively downfaulted as shown by tke faults in the
vicinity of wells 28/27-11K and 28/27-90. Analysis and interpretation
of availeble electric logs indicate that in thie part of the Terra Bella-
Iost fills areea the aquifers probebly contain saline water. Therefore,

in thioc part of the area the Sante Margerita Formetion apd Olcese Sanmd

are unimportant as future sources of ground weter.
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SUMMARY

This report furnishes the geologic fremework mwrereguisite to
an understanding of the subsequent sections of the overall report
describing the hydrology and chemical qunlity of water =5 they relete
to water-use problems in the Terra Bella-Iost Hills area. Geologlc
units recegnized in the area Lave hbeen described as 4o their aereel
extent, thickness, and water-besring cheimcter.

Two main equifer systems sre con ined within the unconsolidated
deposits; a semiconfined aquifer system which lies above the Corcorsn
end above the merine rocks where the Corcoran is absent and a confined
aguifer system that lies below the Corcoran and sbove the marine rocks

At least two conflned squifers occur within the sequence of marine
rocks along the eestern margin of the area. The Sente Mergsrita
Formation of Diepenbrock (1933, p. 13) ard the Olcese Send of Diependrock
(1933, p. 14) are impertant sources of water in the vicinity of Richgrove.
In additisn the Pyramid H{1) end Vedder Sends of Albright end others
(1957, p. 13) may represent important potential sources of water for
future development

Representative subsurface hydrogeologic sections of the Terra Bella-
Iost Hills ares show the physical character of the deposits penetrated
by oil and water wells, the extent, thickness, and structure of the °
Co.coran Clay Member of the Tulare Formation end of the sedimentary
depesits which comprise the various aquifer systems

Succeeding parts of the overall report will deseribe the hydrology
(Part B), and the chemical quslity of the water (Part G).

(=



= |

Y

REFERENCES CITED

Albright, M. B., Hluze, A G , and Sullivan, J C , 1957, Mount Poso %
31l field+ California Dept Nat Resowrces, Div 0il and Gaa,
Sumnary of Operations, California 01l Flelds, v 43, mo. 2, p. 5-21.

Anderson, A. C , Retzer, J S , Koehler, L. F , and Cole, R C., 1942,
Scil survey of the Wasco area, Californis: U S. Dept. Agriculture
Ser 1936, no 17, 93 p

Andersen, F M , 1905, A stratigraphic study in the Mount Diablo
Range of California: Caiifornies Acad Seci Proe., 34 ser.,

v 2, p 155-248

California Divisien of Engineering and Irrigetion, 1922, Water

( reseurces of Tularz County and their utilization: Cslifornia \-‘-‘.5
Div. Eng end Irrig. Bull 3, 155 p.

Califernia Pepartment of Water Resnurces, 1957, The California Water
Plen: California Dept. Weter Resources Bull 3, 246 p.

Davis, G. H , Green, J H , Olmsted, * H., and Brown, D. W , 1959,
Ground-water conditiens and stersge capacity in the San Joaguin
Valley, falifornia: U S. Geol Survey Water-Supply Paper 1469.

Dibblee, T W , snd Oakeshett, G B , 1953, White Wolf fault in
relation te geolegy of the southeestern margin of the San
Joaquin Valley, California [abs ]: Geocl. Soc. America Bull.,

v. 8%, p 1502-150%.




Diepentrock, A , 1933, Mount Poso 01l 1ield: Crlifornia Dept. Nat
Resources, Div 0il 2pd Ges, Summary of Operstinns. Californis
0il Fields, v 19, no 2, p. 12-29,

Frink, J W , and Xues, H. A , 1954, Corcoran cley--A Pleistocene
lacustrine deposit in San Joaquin Valley, Californies: Am Assec. *
Petroleum Geologists Bull , v 38, p 2357-2371 \

Harding, 8§ T , 1927, Ground-water resources of the southern San
Joaquin Valley+ Celiformia Div Engineering and Irrigation and
Vater Rights Bull 11, k6 p

1949, Inflow to Tulare Lake from its tributary stresms: Tulare
Iake Basin Weter Storage District open-file rept , 129 p.

( Kretsinger, R W , and Nelson, J S , 1957, Geologic and waste disposal
ir restigation, Jasmin oill field, Kern County: California Dept. s
Water Resources, Div. Resourcee Planning, Project 57-5-1,
Inter-Departmental Communication, 9 p. :

Lsone, Mark, and Nicklen, R R , 1956, Geologic and waste disposal ‘(
investigation, Wasco oil fleld, Kerm County: California Dept “:
Water Resources, Div. Resources Planning, Project 57-5-1, Inter-
Derartmental GCommunication, 13 p

May, J C , and Hewitt, R. L , 1948, The basement complex in well
samples from the Secramento and San Joaquin Valleys, California;
Californis Jour Mines and Geology, v. 44, p. 129-158.

Mendenkall, W C , Dole, R. R., and Stabler, Herman, 1916, Ground water

in San Joequin Valley, Calif.: U.S. Geol. Survey Water-Supply
{ Paper 398




Meinzer, 0 E., 1923, Outline of ground-weter hydrology, with
' definitions: U S Geol. Survey Water-Supply Paper 4Gh, T1 p.
Park, ¥ H., and Weddle, J. R., 1959, Correlation study of San
Joequin Valley: California Oil "elds, v 45, no 1, p 33-3%.
’ Poland, J F , Davis, G. H , lofgren, 3 E., and otlers, 1958, Progress
report on land-subsidence invesiigetions in the San Joagquin
Valley, Californis, through 1957: Inter-fgency Committee on
fand Subsidence in the San Joaguin Valley, 160 p , 45 pls.
Storie, R E., Owen, B. C , layton, X H , Anderson, A C , lLeighty,
W. J , and Mikiforoff, C. C., 1942, Soil survey of the Pixley
ares, Calif.: U S Dept. Agriculture Ser. 1935, no. 23, 113 p.
Vaughn, F. E., 1943, Geophysical studies in Celifornia, in Geologic
( formations and economic development of the oil and gas fields of <
Ca‘lifornia: California Div Mines Bull. 118, p. 67-70 N

Wilhelm, V H , and Saunders, L. ¥ , 1927, Report on the Mount Poso

Yoy

oil field: California 0il Flelds, v. 12, no. T, p. 5-12.




TART B

HYPROLOGY OF THE TERRA BELIA-LOST HILLS AREA,
SAN JOAQUIN VALLEY, CALIFORNIA

" By. C. S. Hiiton, E. J. McClellsnd, R. L. XKleusing,
and Fred Xunkel

ABSTBACT

e Terra Bella-Lost Hills area in the southeastern pert of the
San Joaquin Valley includes about 1,700 square miles in Kings, Tulsre,
and Kern Countias. Mild winters, hot summers, and lov precipitation,
most of which occurs during the fall and winter months ere characterisite

P L

of the area.

This part of the San Joaguin Valley is tributary to Tulsre Lake,
a basin of interio~ drainage. Deficiency of supply, floods, conjunctive
use of surface and ground water, subksidence of ismd surfece, end I.
water guality are the most critical weter problems in the eareea. This
report, the second of three dealing with the appraisel of the water
regources of the area, describes the hydrology; Part A discusses the MG

geology, and Part C the quality of water.




Iate in the 19th century, about 23,000 acres was irrigated in
the Terra Bella-lLost Hills eree. Irrigated acrecge, using both
surface and ground weter, increased to about 500,000 acres by 1958.

Investigation has defined a semiconfined anmd confined equifer
system and two confined aquifers in nmarine rocks. The semiconfined
aquifer system underlies most of the srea and is asparated into a
shallow and a principel pumped zone. The shsllov zone extends to
depths ranging from 100 to 300 feet below 1lind surface. The mincipal
pumped zone extends down from the base of the shallow zone to extensive
confining beds or to the bvase of the fresh water and ranges in thick-
ness from about 100 to 2,000 feet.

In the northwestern pert of the ares s confined aquifer system
extends downward from the base of the Corcoran to the bese of the
fresh wvater. Two confined aquifers in marine rocks, the Santa
Margarite Formation of Diepenbrock (1933) and the Olcese Formation of
Diepenbrock (1933), underlie the east side of the arce. These two
aguifers are confined above and below and are separated from each
other by relatively impermeadble material.




Solution of the problems of deficiency of supply, floods,

conjunctive use of surface rnd ground wvater, subsidence of land surface P’

must be met primarily with imported weter and some small flood-comtrol
dams  Conjunctive uss of ground water end surface water to rovide
adequate supply threugh climstic cycles of wet and dry years will
require artificial recharge of the ground-water bodies during wvet
yeers and pumping from storage during dry yesrs. Reeharge Krobably
can be most effectively instituted in the channels end alluvial fans
of Foso Creek, “hite River, and Deer Creek. Elsevhere restrictions

o downwerd rovement of water are mresent at reletively shallow depths

vhich wvil: _robably prevent any lsrge scale recharge.




IDFRODUTTION

Pl_.n-Eu and ScoE of the Inhltietia_:;_

As pari of the yrogram ef greund-water iavestigatiens in
coeperation with the Caiifernia Bepsrimsnt of Water Reseurces the

U.S. Goelegieal Survey, in July 1956, began a study of the Texrra
Bella-lost Hills area to provide infsrmatien pertinent to the solution

of the mrincipel watsr prohlems eof the ares. The principal water
Froblezs releted to water use in the San Joaquin Vallsy sre (1) deficiency
of supply, (2) floods, (3) how best to utilize surface and ground water
conjunctively, (L) subsidence of land surface, and (5) protection amd
maintenance o water of good chemical quality. Of these, only
flooding is not a critical problem in the Terrs Bella-lost Hills eres.

The study of weter-usé problems in the Terre Bella-Iost Hills

TT———

ares is reported in three parts. The first part, part A, &sology,
dtmibuthmlonemtlofmamaumunﬁrm

character. Geology is m%t is fundamenta)

lﬁmﬂdutbem-mrkmuwtwmﬂmhdin;otth

‘r

Drodlems that are related to the hydrology and chemieal quality of
gound water in the aree.
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This report describes the hydrologic espects ¢f +he investiga-

tion 2nd hydrologic Rrinciples in gereral as they partein to the

Source, occurrence, and movement of water in the ares. These

Principles ef hydrology are then related to the specific problems

of deficiency of supply, floeds, conjunctive use of surface and

ground vater, snd subaidence of the land surface. Thue third part,

Fart C, quality of water, discusses the roblen ef Iretacting and

nairteining water of good quality in the Terra Belle-Iost Nills aree.

]

The investigation wes begur under the supervisien of @. P. Worts, Jr.

and coxpleted under the supervision ef N. D. Wilsen, Jr., successive

diatx_-iet superviscrs in chp:._rn of ground-water investigations of thes

Geologieal Survey in Ccl{fernia. Fieldverk was done by G. 8. Hiltom,

R. L. Kleusing, R. H. Dzle, ené D. 3lakeley. Anslysis of data and

conpilatiog of records were cdone by C. 8. Eilton, R. L. Klausing,

E. J. ¥cClelland, and Fred Kunkel .
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Ciimasta

Climete, in the fina) anrlysis, is responsible for the abundance
or lnck of water in sn aree becsuse mrecipitntion is the ultimate source
of all the water that might become availeble. Mild vinters, long
hot swmers, and little precipitatien, most of which falls during the
fall and vinter morths, ere typical of the Terra Bella-Lost Hills arse.
Moisture-laden sir moving eastwsrd from the coast is cooled and
condensed as it rises over the Corst Renges; conseguently most of the
Kecipitation is on the mourtain ranges, snd by the time the air mass
reaches the Sen Joaquin Velley, it is relatively dry. Approximately
T inchea of precipitation per year is the average fer the valley pert

(’ of the area, vhereas 20 inches may fall at Glenville in the lov foot-
hills of the Sierra Kevada.

N Angiols, and Glenville-Norrov Rench (f£i1g. 1) sre considered representas. | ;
J. tive for the Terra Jella-Iost Hills erea. These date are reported in
: officisl publications of the U.S. Weather Buresu. Pigure 1% shows
': the total monthly and long-term spmwl avarage pwrecipitation dnts for
the three stalions. Figure 15 shows the aversge monthly mﬁﬂhﬂﬁ. N

.i.(

A




The mean annual tamperature at Wasco, which is typicel of the
entire area, is 62.7°P Summer temperatures are guite high,
frequently abova 105°F, and the winter ninimums are seldom below 30°P.
The average frost-free peried is approximately 250 2ays, usually frem
eerly in Nar-: to the latter pert of November. Monthly mesn meximum
and riaimm temperature date for the three stations in and nesr the
Terra Bells-lost Hills ares are Plotted on figure 16.

Frecipitation directly on the floor of e valley is of little
importance to the hydrology of the area--it is teo little and of teo
short duration. @n the other hand, Frecipitation thet occurs in the
mountains is ef great importance in Mroviding water at the right time
and in the right Quantity. Preecipitation at the higher elewvations
is in the form of 8novw and thus the snowpack performs a sterage
function. Wse of snowmelt Ly way o. surface reservoirs permit

" delivery of the water during the pericds of little er no Frecipitatien.




HISTORY OF LATER DEVELORMET

Iate in the 19th century ahout 23,000 acres were irrigeted in
the Terra Bells-Lost Mills sres (Ee11l, 1884, sheet ). 1lloat of the
weter for irrigetion was Durn. sod by the Kern River via the Lerxdo
and Callowey Cenals of the XKern Courty Ienmd Co. Ir addition some
water was furnished from s few flowving wells. In 1905, liandenhall
(1916, p. 252-295) reported a*~ut 26 irrigation wells in Tulare
County, 1 irrigation well in Kings County, end 37 irrigrtion wells

in Kern County all within the aree of this investigetion. By 1920-21

the irrigated screege hud risen to 95,000 acres. Development centered

eround the towns of Alpaugh, Fixley, BEerlimert, Deleno, McFarlsnmi,
Vasco, end Shafter. Subseguently land was developed srcund these
centers.

Deteiled informetion 1s lacking for the period before 1935;
however, the available data indicete thst from 1920-21 to 1934~35
water use increased gradually. Surface wcters were little utilized
during the period 1920-35 except for those of Leer Creek and the
Kern River via the lexdo end Calloway Cansls. Howevrer even this
wvater generslly wes rot aveilsble during June, July, and Auguat;
s0 for these months ground water became virt#° 1y the cnly source.
During the perioil from 1920 to 1935, water levels declined and most

of the flowlng wells mentioned above, ceased to flow.
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Purpege in the Terre Bella-lost M1lls aree increased gradually
from 1935 to 1945. 3y 1939, the total irrigeted acresge had increased
to 279,000 acres, und there was e twofold inerease in the acreage
being supplied by ground water. The Kinga, Kaweah, and Tule Rivers
supplied surfoce weter to 30,000 acres in Tulare lake st of Alpaugh,
vherees the Kern River served as s source of supply for lendis ajdscent
to the Kern River chcnnel, end for lends east of ""asco. ﬁ

/t the erd of 'orld War IT pmpege begen to increase (fig. 17) ~ '
as land was developed both to the east and west of the reviously
established centers, perticulerly esst of Pixley, west of McFerlaend,

\rsco, and Shafter, and east of U.S. H.ghwey ©9.

In 19%T7-48 the rate of agricultursl development of land by
irrigation with ground water rerched sn all-time high. A4s & result
of this rapid growth water levels declined steeply over wvidespreed
areas. By 1950 water levels nesr Delano had declined to depths of
nearly 450 feet below lani surface., Ground-wvater pumpage in the areas
reached its maximum during the yeer, May 1, 1950 to April 30, 1951;
the estimated total was n excess of €00,000 acre-feet. "Phe following
table gives figures for irrigation water for the years 1335 to 1959.
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Table L4-Bsiimated ground-water mmpage, water imported and total water
for 1rrigtio.n in the Terra Bella-Ioat Bills ares, Calif,

Toar : (am) ?:rc::f:e::t;.r ,: (scr:,xt)
1935-36 180,000 110,000 290,000
1936-37 210,000 110,000 320,000
1937-38 250,000 190,000 40,000
1938-39 220,000 120,000 3k0,000
1939-40 230,000 120,000 350,000
1940-41 250,000 130,000 380,000
1gh1-42 200,000 140,000 340,000
19h2-43 280,000 130,000 510,000
19434 260,000 140,000 k00,000
194h-45 330,000 190,000 520,000
194546 350,000 180,000 530,000
194647 400,000 90,000 hgo,000
19%7-48 650,000 k0,000 690,000
1948-k9 680,000 60,000 7%0,000
1949-50 760,000 100,000 860,000
1950-51 800,000 180,000 980,000
1951-52 650,000 320,000 970,000
1952-53 560,000 380,000 940,000
1953-54 640,000 k20,000 1,060,000
195455 600,000 380,000 980,00




Table Eatimated ground-water pumpsge, water imported and total water
for irrigation in the Terxa Bella-lost Hills area, Calif.-=Continued

: : 3

Year ! (gcre-feet) © s‘(::::'f?etu)r ! (m!:;lm) 5
1955-56 60,000 570,000 1,190,000
1956-5T7 500,000 440,000 9%0,000
1957-58 &ko,000 550,000 990,000
1958-59 k50,000 430,000 88c,000
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Until 1951 the ermounts of «nter imported into the eres remeined
relatively small (fig 17), dut in 1951 wster wvas first imported : .
fron the Sen Joaquin River system vis the Friant-Kern Conal of the
U.S. Bureau of Reclamsation =2nd used for irrigation in the vicinity of "'l
Deleno. In 1951-52 pucpege decreesed significertly snd continued
to decrease as nev irrig:tion districts received inported water. b
Expansiosn continued in the rree servd by this mejor source of |
imported water from 1951 to 1958. The lergest increase in use of
this imported wuter occurred in the first 2 or 3 ysers after 1951,
folloving the campletion of the Mriant-Kern Canal system. In 1958,
about 552,000 acre-feet of water wes imported into the area from the
Sen Joaquin, Kern, Kings, Kswezh, and Tule Rivers.

In 1958, abdout 500,000 scres were irrigsted in the Terre Bella-

Lost Hillg erea (rig. 18).

The mrincipel source of irrigaticn weter has been a combinetion
of ground vater pumped from wells sid surface wster imported from the
Sen Joaquin River via the Friant-Nern Cansl, the Kern River vis the
Lerdo and Czllowey Canals, the Xern River channel, and the Kings,

Keweah, and Tule Rivers via canels into Tulere laske. Throughout the
groving season ground water is pumped to supplement water imported
from the Friant-Kern Csnal. During dry years, end especially during

the late summer months, larger quantities of ground water must be
pumped.




On the Tulare L.ke bed, a definite quentity of imported water
usually is evailable throughout the groving seeson. Water from the
Kings River is regulated by Pine Flat reservoir for irrigation use
in the San Joaquin Valley. Reservoirs heve been constructed {1962)
to regulata flovs of the Kaweeh and Tule Rivers.

Present heevy pumpege is concentrated in the Pixley &re¢, near
Ducor, west of Fond, and east and west of Wasco (fig. 18). Water
nov is izmported into the areas nesr Esrlimert, Delano, and McPerlend.
Smell quantities of wveter are imported into the Waseo area, vhere
vater levels continus to decline though at = lesser rate then in
aress vholly dependent upon grourd water.
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CROIZD VATER

Occurrence, Cource, srd *'nvement b

The overall hydrology of an aree requires an underatending of

hov vater circulstes through %he rtmosphere and the ecrth's crust.

Ea'y 1 i)

This circulstion, defined by the term "hydrologic eyele,” includes
the mrecipitetion of water from the atoaphere to the esrth end its
Totura to the stmosphiere by evaporation and tranapirction.
The hydrologic cycle, es shovm on figure 19, hes no deginning or
ending because the water in the cycle is kept in motion continuelly by
the forcea of nature. Water rises salit free by eveporation from the
occean and is vind-borne across the land in the fora of vapor or as
the tiny condensed droplets of clowds snd fog. Some of this eir-held
moisture falis back to the earth ss 8nov, rein, sleet, or bhail. Once
on the earth distribution of the water is varicd. A minor fraction makes 7
8 quick return co the ocean as runoff. Some goes underground to become
ground vater and esither seeps slovly back to the ocean or feels plant
roots, but most esrthbound water retwrns to the atmosphere by evapora-
tion from land and weter surfaces, and bty tronspiration frem plants.
Water beneeth the land surface occurs in a zone of asration and a
zone of seturstion. In the zone of serstion woids between the mineral
rarticles are filled partliy with air and partly vith water, vhereas
in the underlying zone of saturation, all the wvoids between the minersl
Particles are filled with weter. This water below the zone of satura-

tion is ground water.
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Ground water generslly occurs either unzer water-tahle (unconﬂmd)

sl 2,

or arteslen (confined) conditions. The water tsble, or surface of an
unconfined water body, is the upper surface of the zone saturated

vith wuter under hydroststic mmessure; it is the level at vhich the
hydrostatic pressure is equal to eteospheric pressure. Abvove 12 i

the capillary fringe, the lover part of vhich also mey bc saturated,
but with wmter at less then ntmospheric pressure. Artesian water is
conteined in =quifers overlein by materials of sufliciently low
rermeability to hold water in the aquifer under artesisn pressure.

An ideal confined squifer has free movement of water within and no
Rovement ecross its bounderies. It is similer to @ Pipe cerrying water
under presswe vhich instantly reflects through the system any chenge
in preosure at any point {n the system. From this snelogy, f s well
tapping a confined squifer is pumped, s reduction in presswe showid ~ —
be reflected throughout the aquifer. Similarly, cessatien of umping
should result in an incresse in rmessure throughout the aquifer. The
aquifers under discussion here are not that perfect. Even the lsast
permesble confining beds in the ares permit slov, perheps imperceptible,
movement into or out of the artesian aquifer. On the other band,

owing to differences in horisontal and vertical yermaabllity, vater
bodies that generally are considersd to be unconfined may react to
fluctuations in pressure due to Pumping in much the seme mennsr es
confined water bodies, but the amplitude of such fluctuations will

be less.




Because of the heterogeneous character of most unconsolidsted
elluvial deposits, confinement in them is commonly a matter of degree,
and the time element must be considered. In most alluvial dapesits
there is ecoough hindrance to tte movement of ground water between
separate permeoble zones that differences in head between the zonss
exiat during periods of heavy puaping. During periods of little
draft, the head in oll the permeable zonas may recover to & lewl

common with the water table. Such conditions ef occurrence commonly
are cslled semiconfined, to indicate that, slthough varjious permesble
zones are subject to mressure effects over short periods, the hesd
“sjdusts to equilitrium with the water table over long periods of time
and under steady-state conditions.
In the Terra Bella-Iost Hills areas ground wvater that economically
can be vithdrawn for uses by man occurs chiefly in the uncencelidated
deposits of late Tertiary and Quatermary age and locally in the” upper
part of the marine rocks. These rocks and depoaits, as deseribed in
Part A of this report , constitute tke storage reservoir for ground
wvater. Generally, the unconsclidated deposits are more permeable than
the consolidated rocks. Hovever usable ground water occurs also in
the Santa Mergaritc Formation of Diepenhrock (1533) end the Olcese Send :
of Diepenbrock (1933), which for the most pert are permesble beds \ithin . |
the upper part of the marine rocks. As shown on figure 13 the reservoir
system contains a semiconfined squifer system, a confined aquifer
system, and two confined aquifers in merine rocks. The arezl extent

of these aquifers is shown on figure 20.




In the central and nerthwastern part of the ares s wideapread
confirning ved, the Corcoran Clay Member, underlies and separates
the semiconfined squifer system from an underlying canﬁmt_l aquifer
system. 1In the eastern part of the areas the semiconfined aguifer
system is separated from two underlying confined aquifers in marine
rocks, by widespread beds of silt and clay. In turn, these confined
aquifera in merine rocks are separated from each ether oni are confinped
above and below by beds of silt and clay of marine origin. The
seniconfined aguifer system oving te differences in water levels in
wells can be seperated imto two units, & shallow-vater zone and a
principal-pumped zone. These two zones occur throughout most of the
area. Demestic snd a2 few irrigation wells tap the shallow zone,
whereas most irrigation wells pump from the principal pumped zone.

The ultimate source of all the ground water is yecipitation, most
of which for the Terra Belia-Lost Hills ares fells in the mountains
within the water shed to the east of the area. Very little of the
everage annual precipitatien falling directly on the area reaches the
ground -water body. Most of the Precipitation goes to satisfy the soil-

i

meisture defielency or is lost by evapotranspiration. However, pert of
the precipitation on the velley flcor amd part of the snowmelt reaching
the valley floor infiltrete to the gound-veter bedy and move from
Points of high head or recharge to points of low heed or discharge.
Under the natural conditions that prevailed before wvater wvas imported
into the ares and before pmping from wells began, all the ground water
Irobably moved west and northwest from the east and southeast and

discharged either by evapotrenspirstion in the west or by underflow to

the north and northwest of the Terra Bella-Iost Hills aree.
a4




Semiconfined Aquifer Zystem

The semiconfined squifer system underlies most of the Terra
Bells-Lost Hills nrres (fig. 20). As described under this hesding in
Part A of this report, the semicontined aguifer system occupies parts
or all of the geologic units younger than the marine sedimentary rocks
of Tertiary age. The water-bearing units include basin deposits,
younger alluvium, older alluvium, the Tulare Formstien, and continental
deposits undifferentisted. However, the bulk of the water pumped from
the squifer system occurs *‘r +the Tulare Formation and the centinental
deposits undifferentiated.

1thin the aquifer system the degree eni nature of the confinement
varies laterally and vertically throughout the area. In the eastern
and western parts of the area (fig. 21) the deposits are relatively
imperneeble and tHe degree-of confinement is relatively grest. Along
Deer Creek, Vhite River, Rag Gulch, Poso Creek, and the intervening
areas along U.S Highwey 99 cvhe Jdeposits sre relatively permeable and
the degree oT Tonfimement 1s reletiwly ivw. In the srea between
VWasco, Famoso, and McFerland the deprosive to a depth of ahout 200 feet
below land surface are the most permeable in <he aree. -

Initially, ground-water development was from shallow %*lls that
were less than 300 feet in depth. As water levels declined; deeper
wells vwere drilled, and the shallow wells we~e either abandoned er
else restricted to the production of domestic supplies. Most ground
water is pumped from wells that are perforated in the interval 200
to 1,700 feet below the lend surface.

85

¥ :\—.'.i

z
=4
P
e

RS,
o
ba|

E}
]
|
b

Bricesiic




a{

YV

In genexsl, end in contrast o natural couditions, the deep ;
vwells nov have lower water levels than the shallow wells. Thus,
water levels in wells perforated abowve 200 ar 300 feet may be es

much as 100 feet ebove those in wells perforated below 200 or 300
feet.

Occurrence.~~-Within the semiconfined squifer sgystem the shallow-

vater ‘uc is separated frum the incipel-pumped zone by poorly Sy
permeable materials whose presence is primarily inferred from differences
in water levels. These poorly permesble meterials probably underlie
- most of the low alluvial fans end pPlains %o depths ranging from 160 to
( 300 feet below the land surface.

In the southwestern part of the area, in the vieinity of the oo
overflov lands of Buena Vista and Jerry Sloughs, and in the vicinity - ‘
of Buttonvillow and Semitropic Ridges (fig. 21), data are insufficient
to demonstrate separation of the semiconfiped aquifer system into a
shallow zone end & principal-mmped zone.

ey W\
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Movement . -~llatural @ischarge from the shallow zone virtually
Ceased by the late 1920's. 4s ground-water pumpage for irrigation
increased, water levels in the shallow zome declined rapidly. 1In
areas of intense develomment, such as Esrlimert, Delano » McFarland,
Vasco, and Shafter, the demand soon exceeded the aveilable supply from
the shallow zone. Gradually, this zone was dewvatered or sufficiently
@epleted so thet 1z wes largely abandoned gs = Source of irrigestion
water., Wells were then drilled deeper to obtain irrigation wvater from
the "m‘{ncipal-p\mped zone.” Few wells today tap the shellow zope
exclusively. Available records of water levels of the shallow zone
indicate gentle hydraulic gradients toward the valley trough.

Reeharge.«necharge to the equifer system takes Plece from the
downward percolation of vater from streem beds s 8uch as Deer Creek,
Vhite River, Reg Gulech, amd Poso Creek. Other sowrces of recharge are
the overflow waters from the Kern River,which enter the area vie Buena
Vista and Jerry Slougks, the water losses from cznals end ditches > the
application of irrigstion vater in excess of Plant requirements » and
the subsurface inflow of ground water from the Southeest and northeast.
Because the average annual precipitetion is only sbout € inches end the
evapotranspiretion rates are high, mrobably little recipitation
Penetrates to the ground-water reservoir. The bulk of this water becomes
801l moisture and is lost to evaporation and transpiration.
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Recharge from the streams that cross the ares is small, the
estimeted average annusl flow of all the streams between the Xern
and Tule Rivers 1s only 84,700 acre-feet and much of this vater is
lost to evapotranspiration end is not available for recharge
{California State Veter Resources Board, 1951, p. 407). lerdo amd
Calloway Canals deliver water from the Kern River to an area bounded
by an esst-west line through McParland on the north, by U.5. Highway 99
on the east, end by the rosd through Wesco end Shafter on the wvest.
According to the Kern County Land Co., approximately 120,000 scre-feet
was lost by seepage and evaporation from the canals during 1958 north
of an east-vest line through Shafter. Recharge to the semiconfined ¢
aquifer system in this seme srea has been supplemented since 1936 by
spreading weter on the land surface whenever surplus wvater is availadble
from the Xern River (Trowbridge, 1950, p. 33). Applicatien of irrigs-
tion water in excess of plant requirements may allov some water to
percolate dovnward to the semiconfined squifer system.

Ground-water inflov moves into the shallov zone from the northeast
and southeast because water levels are higher in the semiconfined
aquifers ctside the area in these directions.

Discherze.~-Prior to substantial ground -water development in the
Terra Bella-Iost Hills eree, ground weter was disclvirged naturally by
Springs and seeps vherever the water table intersected the lsnd surface.
This pstural discharge ceased in the late 1920's o8 the water table was
lovered beceuse of grourd-water withirawal. At this time, nearly all
discharge from the shallow zone occurs in the form of pmmping from
domestic and some irrigation wells.

88




o A

P

22 TR o

Weter-level fluctuations.--0ving to low ylelis and locally to
poor water quality, the shallow-water zone is not pumped extensively

-

and thus fev wells are svailable in vhich to measure vater-lsvel
fluctuations. Hydrographs (fig. 22) of vells 23/23-33A1 (tube A-5),
23/25-15A1, 24/27-11C1, end 25/2k-15H1 (tube D-3) whose locations are
shown on figure 23 are considered representstive of the wvelsr-lgvel
fluctuation in the shollow zone, although considerable irregularity
in shallow-weter levels exists locslly. The irregularity suggests
thet locally the hydraulic continuity in the shallow zone mey be poor.
e following tsble lists the wells shown on hydrographs and
indicates the squifer system tapped by esch well. Yhere a tube
nusber is listed in addition to the usmal well number, the well is
a U.S. Buresu of Reclametion test well with plezometer tubes installed
at selected depths and packers set above and belov the depth zones

indicates on the chart.
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Teble 5.--Eytrogrephs

Therforations:Alcitude: sl gure
Well number : feet below lad Aquifer system ¢ mmber
3 1sd ( feet)
22/2T7-36EL 250-696 513 | Semiconfined (principel) 28
23/23-33A1
Tube A-5 0-250 Semiconfined (shallow) 22
Tube A-1 9%0-1,200 210 |Confined (below Corcoran) =2
23/25-14C. | Depth 305 300 | Semiconfined {principel) 2
15AL | Depth 126 we- | Semiconfined {skellow) 22
2k /26-28QL 250-1,18% 418 | Semiconfined {prineipsl) 27
29R1 268-1,2%5 k00 do. 27
33m | 189-977 b3 do. o7 .
2k /a7-1101 0-100 537 |Semlconfined (shellow). In| 22 .
Yhite River chsnnel y
25/22- 2R 200-625 212 | Composite (ebove snd below 28
Corcoran)
o | 270-354 212 | Semiconfined (principal 28
abvoe Corcoran)
25/2k-15H1 .
Tube D-3 0-170 247 | Semtconfined (shellow sbove | 22
Corcoran) 2
Tube D-1 380-600 -== | Ccmposite (above and below 225
Coreoran) 'Y
26/26-10R1 400-1,000 503 |Semiconfined (prineipal) 28
27/23- 1RL | 270-610 267 |Semicontined (primeipal) ° | 28.
27/2k-10Q1 | Depth 430 305 |Semiconfined (principal) 29
10Q2 240-26k 306 |Semiconfined (shallov aml 29
mincipal) S .
28/22-11M1 102-hoe ok | Semiconfined (mostly ahe
end in part principel)
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The hydrograph for well 23/23-33A1 (tube A-5) is cheracteristic
of water-level fluctuations in the shellow zone in an srea underlain
by the Corcoran Clay Member; well 23/25-15A1 shows the fluctustions
observed nesr the eastern edge of the Corcorsn. Wwells 25/2hk-15H1
(tube D-3) and 2l/27-11C1 depict shellov zone vater levels in the
central and northeestern parts of the eres. Weter levels in ell fowr
wvells heve sim{lar fluctustions, sre little affected by pumpsge, and
bave prompt response to any recharge. The fluctuntions of these wells
show little relstionship to the fluctuations of deeper weter lovels
indicating that the dovnward movement of water probably is restricted.
Well 2k/27-11C1 fluctustes more radically than the other three wells;
these fluctustions are stiributed to the surface snd subsurface
flov in the Vhite River channel.

The hydrograpis of wells 23/25-15A1 snd 24/27-11C1 indicate 6
moderate seasonal fluctustion in the northeast and central parts of
the area end the hydrographs of vells 23/23-33A1 (tube A-5) snd

25/24-1SH1 (tube D-3) indicate little or no fluctuations in the sres ° '
near and underlain by the Coreoran Clay Member. h

Iong-term fluctuetions as indicated by the hydrographs of wells
23/23-33A1 (tube A-5) and 25/24-15HL (tube D-3) show s general but not
alvays consistent decline in water levels; the weter level in well
25/2k-15H1 (tube D-3) declined in excess of 3 feet per year. Well
23/25-15A1 is an exception in thet 1% reached = 9-year high in the
spring of 1959. Wster-level declines in the shallov zone range from
less than 1 to about 10 feet per year, vhich in general is about

one-third as great as the declines in the principal-pumped zone.
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' Future develomment.--Currently, only domestic and smsll i;riaation

N supplies could be developed from the shallov zone. ILimited further u

x develomment of the shallow zone could occur in the western and north- ) ?

western part of the area where there are relatively few wells. lWith i
little or no rechsrge accruing to the zone, wvater lewels can be

& expected to decline steadily with increased development.
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Principel Pumped Zone

Occurrence.--The term "principal pumped zone" encompasses thet i
part of the semiconfined squifer system beneath the bese of the shallow
zone, about 100 to 300 feet below the lend surface, and atove any
extensive confining bed or the base of the fresh water (fig. 13} The
thickness of this zone ranges from about 100 feet near the western
boundary of the area to 2,000 feet ir the vieinity of Delano.
Perforated intervals of irrigetion wells tapping this zone range
from about 200 to 1,500 feet below lapd surface.

In the northwestern and central part of the Terra Bells-lost
Hills area, the Corcorsn Clay Member serves to separate the wincipal-
punped zone from a deeper, confined water body (figs. 13 and 20).

Where the Corcoran is abzent, the bottom of the principal-pumped

zcne 18 the base of the fresh water which may be as great as 1,700
feet below the land surface or the top of the confining beds overlying
the Santa Margarita Formation of Diepenbrock (1933).

In the ares underlsin by the Corcoran Clay Member, vater levels
in the principal-pumped zone sbove the clay differ from those in the
confined water body below the clay. However, where the Corcoran is
thin or absent, the principel-pumped zone hes a head common to both

the principal-pumped zone ebove the Corcoran anmi the confined water

body below it, end there is direct hydraulic interactiun between them. 1;




———

In the southwestern pert of the area the semiconfined water body
is characterived by apparently anomalous water levels. The altitude
of the water surface beneath Jerry and Buens Vista Sloughs, as shown
on figure 24, 1s sbout 100 feet shallower than bepeath Buttonwillow
and Semitropic Ridges. The higher wnter surface beneath the 8 loughs
suggests the possibility of a semiperched water body. However limited
vell-log data indicate no widespread relatively impermeeble deposits
beneath the sloughs. Also, as showm by figure 25, the weter-level
contours beneati. Buens Vista snd Jerry Sleughs sppeer to merge with
the water-level contours of the principel-pumped zone north of the
confluence of the sloughs. Therefore, based on existing data, a
shellow zone in the vicinity of Buene Vista anmd Jerry Eloughs has not
been positively identified.

Movement.--Prior to substantisl ground-weter development in the
area, water levels were at or near land surface, gradients probably
were toward the trough of the wvalley, and ground weter wes discharged
into swvamps or seep zones. This is subastentiated by water-level
rofiles (figs. 24 and 26) which show that the 1921 water-level
gradients were toward the wvalley trough.

With develomment of ground weter for irrigstion, natural diacherge
virtually was halted by the late 1920's. By 1952 water levels had
declined nearly 200 feet below the levels of 192) (fig. 26). Meximm

declines were obgerved in the vicinmity of Pixley, Delano, and Shafter

vwhere ground-water supplies for irrigetion have been developed extensively.
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Beginning in 1950, imports of weter by the Frisnt-Kern Canal \A
locally resulted in a substantial reduction of pumpsge end a recovery \w
of water levels, 8s shown by figure 27. g
The water-level contours of the principel-pumped zone for the
spring of 1959 (fig. 25) show en overall water-level gradient to
the west and local ground-weter mounds in the Delasno and Famoso aree
that probably are due to the use of imported surface water and a
decresse in the vithdrawal of ground water. Specifically, ground
water 18 moving into the area from the northeast where higher water 3
levels exist beneath Deer Creek and associeted alluvial fans. Ground- .
water gradieuts slope northwerd from the alluvial fan of the Kern :
; - |

River, as shown by the broad ground-water mound extending northward :

ag far ac McFarland. This mound has ret 1 -1 from hesvy pumping of

T e —

S i

ground weter to the west a2nd esst ani to the long-cont ayp. _

tion of irrigation water that is imported from the Kera River through*

capals. Weter-level contour mays for the years subsequent to this 3
report are avallable on request from the Statmﬁm - - .
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Recharge end discharge.--mroughout the sree water levels are
higher in the shallow zone thap .n the principel-pumped zone. Therefore,

vheresver aydraulic 1nterconnection between the ghallov and principel-
pumped zone is effective some of the vater from the shallow zone
probably recharges the rincipal-pumped zone. Ground -vater movement
into the aree from the east probably represents inflow of water =
4nfiltrating the continental deposits urdifferentiated (fig. 3) and )
moving down gradient westwerd as shown by the wvater-level contours
(fig. 25).
Prior to substantial ground-water development in the Terra Bella-

Iost Hills area, ground water was discharged naturslly by srings

and seeps Wherever the water table intersectcd the land surfece and

1n the trough of the valley. Upwerd movement of semiconfined and X
confined water through the confining layers gave rise to swempy 5
conditions in many aress of the valley. Katural discharge ceesed B
in the late 1920's when ground-water vithdrawals began to reach N
significant proportions. Currently, neerly all discharge 18 artificiel
and predominantly consists of ground water withdrswn from the principal-

pumped zone pumped for irrigestion.
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Veter-level fluctustions.-~The Irincipal -pumped zore oceurs

for the most part below 200 feet throughout the Terra Bella-Lost
Hills area. During periods of pumping, water levels show fluctus-
tions characteristic of a confined-water body but during periods of S
no pumping, they tend to recover and maintain static levels similar 3
to those in the overlying shallow zone. This behavior indicates
hydraulic connection between the two zones, but this connection is
restricted by intervening beds of reletively low permeability.
Eydrographs of wells 22/27-36F1, 25/22-2N1, 26/20-10R1, 27/23-1R1,
and 28/22-1171 (r1g. 28); 23/25-14C1 (f£1g. 22); 24/26-28Q1 and 33m
(fig. 27); and 27/24-10Q1 ard 10Q2 (fig. 29) show fluctustions of
water level in the Principal-pumped zone of the semiconfined wvater
bodies. The hydrographs show that vater levels in these wells have
immediate response to Punping, wide seasonal fluctuet:ions s ond
fairly regular trends over a pericd of yeers. The degree of
canfinement in the rrincipal-pumped zone is not uniform; some
Tluctuations correlste with water levels in the ahallow zone whereas
others tend to correlate better with water levels in the confined
water body below the Corcoran.
Water levels in well 23/25-14C1 (fig. 22) neer the eastern edge of
the Oorcorsan Clay Member show seasonal fiuctuations on the order of

30 feet and an irregulsr annual decline of 2 to 3 feet Per year. The

reversal of this trend in 1958-59 1s due to the reduced pumpege following

the wet winter in 1957-58 and the importation of water for irrigation.
The 2 years of record for well 26/26-10R1 indicate sessonal fluctua-

tions of 20 to 30 feet but do not establish any longeterm trend.
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Hydrographs for wells 27/24-10Q1L end 1042 (fig. 29) show long-
term water-level fluctuations. The water level in these wells, 'q",_.
measwred monthly by the owner, Mr. Ellie Crettol, show that for the e
pericd 1930-45 the yearly high levels were nearly the same. Exctensive
development, starting in 1945-46, caused a rapid decline of the stetic
water level. Water levels dropped from about 60 feet to ebout 40 feet
below land-surface datum by Jenuery 1957, and seasenal fluetuations
were greater thzn 100 feet. This hydrograph shows much less drawiown
during the 1958 pumping season probably because of the wet yesr in
1957-58 and because wvater was imported into the Shafter-Wasco Irrigation
District via the Friant-Kern Canal, These two events combined to
( Teduce pumpege in this locality.
Section B-B' (fig. 26) and hydrographs of wells 25/24-15K1,
 pube D-L (f1a. 11) and 27/23-1RL (fig. 17), shov tuat water levels
in the principeal-pumped zone continued %o decline from 1952 to 1959,

except in the Delano area (fig. 27) vhere impocrtation of water and

_
a decrease in ground-water use caused water levels to start their

~——

upward trend. Water levels along the southern profile continued te

decline from 1952 to 1959 (fig. 2k).
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Bydrologic properties.--Ground water moves, in accordance with
patural laws, in an intricate network of voids within a framework of
minersl particles. The rate and direction of this movement are
controlled by the properties of the “ramework ard the contained fluid,
the forces of molecular attraction, and gravity. The most important

Y, 2/
of the framework roperties are porosi end permeability.

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

2. Permeability, the capacity of a rock or soil to transmit

fluid.

Coammonly 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
usually 1s greatest parallel to the bedding.

Aquifer properties may be determined in the field by agmifer tests.
The results of these tests are expressed as the coefficient of trans-
missidility (T), vhich 1s the rate of flow of water, in galloms a day,
at the mrevailing weter tamperature, through each vertical strip of
the aquifer having & height equal to the thickness of the aquifer and
under & unit hydraulic gradient, and as the coefficient of storage (8),
vhich is the volume of water an aquifer releases from or takes into
storage per unit surface area of the aquifer per unit change in the
component of head normal to that surface.
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Aquifex; tests in the semiconfined aquifer system were made at
five locations in the Terra Bella-Lost Bills area (fig. 23) on the
Froperty, and * with the assistance and cooperation, of the Kern
County Iand Co. The results of the five pumping tests are given below.
The beterogeneity of the deposits tested precludes determination of
absolute values for coefficients of tranmamiss’bility and storage.
The results shown in the following table mey indicate relative mEgnitude
ofrbetmumbutukemﬂlmuformmmin
semipermeable materials in the agquifer and possibly related compaction
of the aquifer, or for leakage through semipermeable materisl above or
below the aquifer. Values for S are not given because all of the tests
were too short.




Table 6.--Results of aquifer tests

: : Approximate
5 T : interwal
Well purped : gpd/ft 3 tested
: : (below land
g s swrface datum)
26/244 (2ch-i ) 350,000 150-500
26/25-26K1 300,000 340-800
27/2k-35K1 450,000 200-550
27/25- 332 290,000 350-800
27/26-30F1 460,000 250-T50

l. WVell location by Kexrn County Land Co.
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Future developmert.--Future develomment of the principal-pumped

zone for most of the area is restricted by lack of recharge. At
present, by far the lergest quantities of ground water in the area are
extracted from this zone. With the exception of the northwestern and
western parts, the principel 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 Alpeugh zand Pixley and the
area west of Pond and Vasco, 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 occwrrence
locally of inferior chemicsl quelity of water in the shallow zone and
the upper part of the prineipel pumped zone, (2) the occwrence of
saline waters at depth, and (3) continuous decline in water levels
because of lack of recharge and possibly by an increase in the rate

of decline to accompeny the incressed withdrawal of ground water.
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Confined Aguifer System

A confined fresh-water aguifer system underlies about 650 square
miles of the northwestern pert of the Terre Bella-lost Hills ares
beneath the Corcoran Cley Member and sbove en interface between fresh
and saline water. Beneath the Corcoran this sgquifer ranges in thick-
ness from less than 100 feet near the western edge of the srea, to as
much as 1,400 feet near tbe eastern edge of the Corcorsn.

In 1905 Mendenhall reported that this confined aquifer system
was ander sufficient heed to cause wells tc flow throughout much of
the central pert of the San Joaguin Valley. About 250 flowing wells
were reported in the Terra Belle-Lost Hills ares alone (Mendenhall
and others, 1916, p. 256-280, 284-288, 295-306). By 1959, artesian
Fressures had declined to the point thet 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
1552, based on the little information svailsble, probebly wes toward
the center of the valley from eress of recharge to the east amd west.
Weter-level contours of the confined aquifer system below the Corcoran
Cley 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 hydraulic gradient sloping to the west and north at 1 to 5

feet per mile.
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The water-level depressaion centeriug around Alpaugh probebly
results from the combined effects of the permeabllity of the water-
bearing deposits and the pumping, rather than the pumping alone.

This 18 besed on geologic evidence which indicates that the deposits
are fine grained near Alpeugh. The heeviest pumping is actuslly
farther east in a thicker section of more permeable material but the
lesser permeability around Alpeugh causes water le:els wo be lower than
those in the srea of heaviest pumpege.

Most of the recharge to the confined aquifer system comes from
subswrface inflow from the principal pumped zone of the semiconfined
wvater beyond the effective limit of confinement by the Corcoran Cley
Member. Ground water moves in this zone under semiconiined conditions,
but once it moves north or west to where it is efrfectively confined by
the Corcoran Clsy Member, it becames part of the confined eaquifer
systen (figs. 13 and 20). Some repleniﬂment( aiso mrobably occurs by
slow downward percolstion of water through the Corcoran Cley Member and
by movement through well cesings and gravel pecks where the wvater lewvel
in the confined aquifer is lower than that in the overlying principal
pumped zone of the semiconfined aquifer system.

In the central pert of the San Josquin Velley before 1920, flowing
wells were obtained by driliing into the confined aquifer system.
Heevy withdrawels of ground water for irrigecion between 1920 end 1930
ceused 2 decline in water levels and wells ceased to flow. All

ground -water discharge today (1959) is by pumping.
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Weter-level hydrographs and measurements show differsnces in
szasonal fluctuations of water levels for the semiconfined and the
confined aquifers. The confined aquifer system belov the Corcoran
Clay liember has deeper water levels and greater magnitude in the
seasonal weter-level fluctuations than in the semiconfined equifer
system. The hkydrograph 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 and seasonal fluctustions are
about 50 feet. Following the wet winter of 1957-58, & reduction in
Purping was followed by a wvater-level recovery.

Many of the vells penetrating below the Corcoran (lay Member are
rerforated both ebove the Corcoran in the semiconfinei aguifer system
and below the Corcoran in the confined aquifer systean ani indicate
vater levels that are a composite of both aquifer systems. TFor
example wells 25/22-2E1 and 25/24-15H1, tube D-1 (figs. 28 amd 22)
are perforated both sbove the below the Corcarsn. The water-lavel
fluctuations in well 25/22-2F1, in an area of relatively little pumng
are similer to those in well 25/22-2M2 (fig. 28) and demenstrate the
effect of confinement. The water level in well 25/24-15H1, tube D-1,
near the southeastern boundury of the Corcoran s Tluctuates ag 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 apd Pixley; and (2) from the eastern pert of T. 25 R. 21 to the
vicinity of Pond. West of the trough of the valley and beneath
Tulare Iake, water in the confined water body becomes saline in
character. Howvever because discharge exceeds recharge to the
confined water body, further develomment will result in continued
overdraft and ircreased retes of decline in water levels. Any large
increase in pumpege from tae aquifer also will extend ita effect
beyond the edge of the Corcoran Cley Hember to lower weter levels
and cause further depletion of the grourd wvater in storsge in the

prineipal pumped zoze of the semiconfined aquifer system.
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Confined Aquifers in Merine Rocks

Santa Margarita Formstion of Diepenbrock (1933)

The Senta Mergarita Formetion of Diepenbrock (1933) bea & sub-
surface extent of approximstely 800 squere miles (fig. 20) One of
the earliest wells to penetrate the Santa }Margarita wvas drilled in
the SV sec. &, T. 25 S , R. 27 E. in 1954. 1In 1955, 13 more wells
were drilled into the aquifer, snd each succeeding year the number
of wells pumping from this weter body has increased. The largest yleld
reported to dete (1959) is 1,950 gpm (gallons per winute). Static
water-level messurements mede before 1956 sre svailsble from wells
penetrating the Santa Margarita but the general geology of the area
suggests that hydrsulic gradient until that time probably asloped to
the west at less then 10 feet per mile. The stetic water-level
measured by the Reg Gulch Mutual Weter Co., for Merch 1956, ranged
from 219 to 321 feet below land surface. Weter-level contours, based
on these few messurements, show that the hydrasulic gradient ranged
from less than 10 feet per mile to about 30 feet per mile (fig. 31).
The depression immedistely east of Richgrove probebly resulted from

pumping of wells 24/27-29P1 and 32K1, drilled in the syring of 1955.
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The wvater levels in wells (figs. 31 end 32) declined ennually

8n average of sbout 20 feet for the three years 1956 to .959. Static
water levels for larch 1959 ranged from 276 to 38 fest below the land
surface, and the water-level contours made from these measurements ’
ohov & maximmm hydraulic gradient of about 30 feet per mile (rig. 32).
An increase in the number of wells Punping from the aquifer since

1955 has resulted in ap overall water-level declire end incresse in
bydreulic gradiert; furthermore, this incresse in gradient has become
more widespread.

Because the Senta Margarita does not crop out st land surface,
recherge must come from dowmward percolation of recipitetion or
stream runoff through deposits overlying the aquifer. Beceuse the
deposits overlying the Sants Mergarita are fine grained, recharge
mrobably is snall snd ground-weter developwent of the formation,
therefore, has been accompenied by s continwus decline of vater
levels, end most of the ground water pumped has been drawn from
storage. All dinmam—ﬁum_wQ results from Pumping of
wells in the Richgrove-Terra Bells area or rom discharge into other
deposits. In 1958, epproximately 13,000 acre-feet was pumped from
the Richgrove agquifer.
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Possibilities for future develomnent of the Santa Margarite
Formetion appear to be limited because of limited recharge to the
watar body. FPurther develomsent of the aquifer, therefore, will
result in a continuous decline of water levels. In eddition, the
usefulness of the aquifer decreases in an easterly direction because
its tuaickness decresses, snd in & westerly direction because the

salinity increases and the permsability uecreases.
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Olcese Sand of Diepenbrock (1933 )

The Olcese Sand of Diepenbrock (1933) underlies about 800 square
miles along the eest side of the Terra Bella-Lost Hills area (fig. 20).
Lack of detailed data restricts discussion of the hydrology of the
Olcese to a few general conclusions.

Only two water wells, one in sec. 30 ond one in sec. 31, T. 24 S.,
R. 28 E., were knowvn to pump from the Olcese in 1959. Depth to water
in these wells in 1957 was 372 end 435 feet below land surface.
Ceologic surface and subsurface studies show that the Olcese does
not crop out at the lend surface. Because fine-greined deposits
overlle the aguifer, recharge from deep infiltration of Precipitation
and surface-water runoff probebly is small. Increased puping will
cause lowering of weter levels and & depletion of the ground weter ia
storage.

The physical cheracter of the Olcese Send besed on exanination of
electric logs of oil-test wells probably is similar to that of the
Santa Margarita. The Olcese is irregular iu shape, not everywhere
perfectly confined ebove 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.aquirer. Also east of Richgrove the Scnta

Margarita Formstion and Olcese Sand may be hydresulically interconnected.
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A potential srea for limited development of ground vater lies
west of R. 28 and north of T. 28. Northern and western boundaries
liave hot been established, but the aquifer is known to underlie the
area as fer north ss the town of Terrs Bells. liest of the town of
Richgrove, water within the aquifer becomes increasingly saline,
thus mresenting a possible problem similar to that in the Santa
Margarita.
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VATER-USE PROBIEMS

Deficiency of supply, floods, conjunctive use of surrace and
grouad water, and subsidence of the land surface are the principal

Froblems directly related to the hydrology of the Terrs Bella-Lost
Hills area.

Deficiency of Su

| The greatest present and future vater deficiencies in California
2re in the Sen Joaquin River end Tulsre Iske basing in the San Joaquin
Valley (California Dept. Veter Resources, 1957, p. 1lly). Almost all
available precipitetion is consumed by evaporation, transpired by

N

vegetation, or used to reduce the exsting soll-moisture deficiencies.
However, during periods of large runoff, some surface flov may be
sufficient to provide seepoge downward through stresm beds to the
ground -water bodies, but generally runoff Jjs too small to Jrovide

recherge in significant smounts. Deficiency of the supply, therefore,
has resulted in a substantial overdraft in the ares.




Water reguirements in the Terrs Bella-Lost Hills ares are being
fulfilled by withdrawal from the ground-weter reservolr and by importa-
tion of swrface water from the San Joaquin and Kerr Rivers vis the
Friant-Xern Canal of the U.S. Bureau of Reclemstion and the canals of
the Kern County Lend Co. These supplies are inadequste to meet the
Iresent needs for water, however » and in areas not receiving imported
water the withdrawal of ground water for irrigetion greatly exceeds
the smournt being returned to the ground water by natural and srtificial
recharge. Ultimately, it is planned that the equeduct of the proposed
Feather River Project (California Dept. Water Resources, 1957, p. 142)

will provide the additional weter needed




Floods

Floods of the rivers amd streams in the geologic past have

transported into the San Joaquin Valley the materisls thet comprige

the great thickness of the regent valley £411 Agriculturally, man

has found the velley-f111 sreas to be extremely roductive, and
accordingly many agricultural activities are adjacent to or on the
flood plains of the streems. Thus crops and other mroperty are
exposed to the Pessibility of damsge or destruction by flood.

Flooding in the Terre Bella-lost Hills area occurs only during

infrequent periocas of heavy runoff from the Irincipel stresms.
Flooding that does occur could be controlled adequately by
constructing small reservoirs on Deer Creek, White River s and Poso
Creek. Under the Iroposed Cslifornis Water Plan, flood control onm
Deer Creekx, White River, and Poso Creek would include construction
of a relatively small reservoir on each stream (California Dept.
Water Resources, 1957, p. 143). Excess flood waters of the Keyn
River end the aforementioned stresms would be discharged into the
mroposed Sand Ridge Reservoir end would be impounded south of the
natural sand ridge bordering PTulsre Lake.
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Conjunctive Use of Surface Pnd Ground Water

Full utilizetion of water Supplies potentially available for

the Terra Bella-lost Hillg area will require conjunctive operation
of surfece-water supplies and underground storage capecity of the
ground-water reservoir. Only regulastion of surface Teservoirs and
conveyance systems and also the storage space =vailable underground
can provide the large volumes of water required over long perieds of
less than average mrecipitation. Oonjunctive operation of imported
water with its storage am distridbution system end the ground -water
reservoir will conserve the evailable ground-water supply by providing
maximun rechsrge to the grouri-vater reservoir during periods of above
Bverage mrecipitation. <+ .

Iwo pertinent feetures of conjunctive operation must be considered:
(1) ground water would be punped when imported weter is not available,
and (2) excess imported water, vhen aveilable, would be used to
recharge the ground-water reserwir depleted by rmping during those
months or years of water shortage when imported surface water is not
availeble.
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Artificial recharge may be defiped ss the deliverste or
incidental introduction of water into the ground-water reservoir.
The recherge may be sccomplished by (1) water spreading, wiich
includes diverting water into basins ; ditches, or furrows; and
(2) injection of water into wells. Water spreesding is practical only
in those areas underlsin by permeable materials both at the surface
and at derth while injection requires adequate permeability at depth.
In addition water of suitable quality must be available both in the
aquifer and for rechsrge.

Figure 21 differentistes those areas underlsin by permesble
to moderately permeable depoeits from those underlsin by relstively
impermeable deposits. In genersl » the aree urderlein by the permeable
deposits as shown on figure 21 corresponds to the sreas (fig. 2)
along the east side of the valley underlsin by low elluvial Pplains
and fans, and by river flood pleins and channels The areas underlein 4
by relatively impermesble deposits correspond to low slluvial plains ;
and fans along the east side of the valley, dissected uplands, and to
overflow lards and lake bottoms. »




Evern though an aree msy be underiain by pevmesable deposits,
artificial recharge through water apreading mey be ineffective
owing to changes in permeahility enceuntered in the subsurface.
Hardpan zenes, which restrict dovnward movement of wvater, have been
found within a few feet of the land surface in many parte of the
area. Also throughout & lerge pert of the srea underlsin by permesble
deposits, fine-grained, poerly permesble deposits are encoumtered
from about 150 to 300 feet below the land surfece.

To determine potential sites for wnter spreading, drillers’
logs ef wells were examined to determine the depths to vhich the
permeadle deposits extendi belew land surface. Figure 10 shews that
permeable deposits underlie = large part of the chennel 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 sbout 6 miles northvest of Femeso.

The absence of well logs precludes en estimate of the thickness ef the 3

Permesble deposits in the channel of Poso Creek southeast of Famese.
South of Earlimart along the White River permeable deposits extend to
a depth of abeut 100 feet and north of Terra Bella along the channel
of Deer Creek they extend to at leest 50 feet. The permeable deposits
beneath the channel of Deer Creek may extend to depths greater than
50 feet; bhowever, this cannot be determined from existing data

because wells in this ares do not exceed 50 feet in depth.
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Insofar as known the only successful artificial recharge
of substantial quantities of water in the Terra Bella-Iost Hills
area has been by wmater spreading. Water spreading has been
Iracticed since 1936, according to Kern County land Co. records,
in the vicinity of Wasco, Famoso, and Shufter at the sites shown in
figure 10. During this period the annual quantities of water spread
have ranged from O to approximately 95,000 acre-feet in 1958, This
vater is intreduced through spreading basins and ig 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 weter into wells has been practiced in a
few isolated wells in the area. In these few instances :_l:b reportedly

- -

was difficult to maintain satisfactory rates of recharge. Congfasted
to water spreading, far less water has been recharged into the ground.
water reservoir by this method. Ko experiments using modern injection
methods are lmown to have been conducted in the Terra Bella-Iost Hills
area. In view of the successful use of injection methods elsevhere
aud the proble;ns of water spreading imposed by loecal geology, any plan
for artificial vecharge should include study regarding the possibility
of injecting large quantities of water into wells.




|
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Because fine-graineqd, Poorly permeable deposits generelly nare
encountered from about 150 to 300 feet below land surface, the msjor
part of the water recharged by w"ater spreading goes to the shellow-
water zone of the semiconfined water body. However ; once underground R
the weter probably moves thro.gh and around fine-grained deposits of
low permesbility and recharges the Frincipel pumped zone of both the
semiconfined water body and the confined water body beneath the
Corcoran. The hydrology of the confined equifers in merine rocks N
in the eastern pert of the srea is complex and the data are frogmentery.
Consequently, it is not known to what extent and how rapidly recharge
will effect those aquifers.
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In eddition to the moblems o® £inding permeeble depoaits to
recharge the quality of the wvater available for recharge and the
Quality of water in the aguifer must be congidered. Replenishing
an aquifer with water of a type differsnt then the native ground
water might cause chemical resctdos resulting in a Rrecipitate that
would cement the deposits and cause a decrease in storage capacity.
Also, vhere the ground-water quality 1s inferior that water would
have to be flushed from the materials and (or) diluted with water of
better quality to «tilize most effectively the storage capacity of
the deposits.

If a sufficient sapply of imported water can be made avajlable
during periods of low demand » additional and substantial quantities
of water probably could be recharged to the depleted grouwnd ~vater
Teservoir. However, any contemplated site for wvater spreading
should be examined carefully no¢ only to determipe vwhether the surface
80ils are permeable, but also to determine whether there are subsurface

there are water-quality problems. Therefors, as part of axy program
to select additional vater-spreading sites ; & test-drilling wogram
should be included to determine more accurately, at proposed water.
spreading sites, the extent, thickness, Permeability, and chenges of
rermeability with depth of the Permeadble deposits. In addition,
vhere considersble differences of vater quality exiat between the
native water and the recharge water, geochemical studies should be
made to determine whether the waters are compatible.




Subsidence of the land Surface

Subsidence of the lard surface in the Terra Belln-ILost Hills
- area was first noted in 1935 by I. H. Althouse (Ingerson, ig9k1, p.
4o-42) who called attention to the possibility of a definite land
; subsidence in the vicinity of Delano. Ingerson yrepered & map for
the peried 1902-1540 which showed that subsidence had occurred in a
200-square-mile area between Famoso and Pixley; the map also showed
: thet maximum subsidence of 5 fewt hed occurred in s small area 2 miles
north of Delano. Subsequent studies by the Geological Survey indicete
that for the period 1902-195% the maximum subsidence has been 10.2

feet about 4 miles north of Delsno.

( From cowparison of long-term hydrographs and subsidence graphs, >
- Polend and Davis (1956, p. 287-291) concluded that land subsidence in
—— T ~ b

the area east of Delano was closely associsted with declipe of vater k.

levels. Comperison of subsidence graphs and long-term hydrographs )

— —_(Poland, Devis, Lofgren, and others, 1958) show that with importation
AR PV
of irrigetion water through tlze Friant-Kern Canal beginning in 1951,
water levels in the area east of Deleno began to rise, and during

the period 195%-5T the recovery of water levels hed brought about a

virtual cessation of subsidence. ¥ A




Lapd subsidence is the result of compaction of unconsolidated
alluvial and lacustrine and swamp deposits as ground-weter levels
are lowered by intensive pumping. The subsidence occurs in areas
vhere there is intensive pumping from 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 nf the unconsolidated
deposits takes place ss the artesian pressure decreases, thua
transferring more of the overburden loed %o grain-to-grein contacts
of the aquifer. The compuction 1s due chiefly to a nonelastic
reerrangement of the grains of the deposit end results in a permanent
decrease in volume A smell pert of the compaction is elastic and
sauples tested in the leboratory for consolidation shov ninor rebound
vhen unlpaded. However, rebound or expension of the aquifer system
has not been observed in the field measurements."

Although importation of irrigstion weter via cansls has resulted
in rising water levels end virtuszl . 2ssation of lsnd subsidence in
some .'reas, continued intensive pumping accompanied by compaction of
the unconsclidated deposits Dersists in the ares betwevn Delano and
Earlimart, und in the vieinity of Pixley. Maximum subsidence in these
areas for the period 1930-59 has been sbvout 9 feet.
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PART ¢

QUALITY OF WATER OF THE TERRA BELIA-LOST HILIS AREA,
' SAN JOAQUIN VALLEY, CALIFORNIA

N
=~

By E. J. McClelland end G S. Hilton

ABSTRACT

The Terra Bella-Ioat Hills area includes about 1,700 square miles
in the southeastern pasrt of the San Joaquin Valley. Drainage in this
part of the San Joaquin Velley is tributary to Tulare Iake, a basin
of interior drainage. Mild winters, long hot summers and little
mwecipitation are typicel of the area.

This report is the last of three reports covering geology,
hydrology, and quality of water of the area. Chemical analyses of
water semples are used tc classify waters Yfor irrigation use
according to the sodium hezard, selinity hazard, and boron content.

' Surface water is generally of good quality fram intermittent streeme
in the area. Calcium bicarbonate water with less than 300 pm dissolved
solids is common to all surface waters except where degraded by waste
water. Tbhe Poso Creek drainage receives water from ollfield wvaste

: dieposel; anelysis of water from the reek indicates it is sodiuwm
chloride in character with dissolved solids more than 1,000 ppet amd

with boron ranging from less than 1 to more than 3 ppm.
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Ground -water quality in the Terra Bella-lost Eills arees varies *
laterally and vertically. A semiconfined aquifer sysuem ig identified
in two zones; less than and greater than 300 feet below land surface.
Water from wells less than 300 feet deep in the center of the area
is satisfactery for irrigation use. In Tulare Lake bed shallow waters
are reported of poor quality. Analysis of water from below 300 feet
indicates good quality in the northern pert of the erea. In the central
part of the ares the semiconfined water below 300 feet iz generally )
usable, but in the west there is evidence of poor quality water
moving into the area from the west side of the San Joaquin Velley. .
Near the sowthern boundary in the vicinity of Highwey 99 vater from _
the south has & high salinity hezard and high nitrate comtent. To -
the west in the ridges and sloughs there is modlum chloride water
with verying hazards, depending on dissolved solids concentration. .
In the western part of the area and south of Tulare Iake bed water
from the semiconfined aquifer system on the west side of the San

Joaquin Valley contain boron in quantities that ere marginal to

excessive for irrigation water. __\
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One confined aquifer system and twg confined aquifers in marine
rocks are identified in the area. The water in the confined aguifer
systam belew the Corcoran Clay Member of the Tulare Formation 1s of
good quality for Irrigation except in the west where vater from the
east and west aides of the valley mobably are mixed. Weter from
the Santa Margarita Formation of Diepenbrock (1933), a confinsd aquifer
in marine rocks is medium high salintity and high to very high sodium
hazard irrigation water Water of this quality is usable when f’
properly treated but may become & Froblem over a long period of time, ~
An interfece between fresh weter and salt water 18 identified from
electric logs a short distance west of the town of Richgrove. The
water frem a second confined aquifer in maripe rocks, the Olcese Sand
of Diepenbrock (1933), has mot been enalyzed but it Probably is
similar to thet in the Santa Margsrita Formation.

The position of the base of the fresh water in the ares, estimated
fram electric logs, is shown on the four geochemical sections. #%hig
interface slopeg eastward from the trough of the valley and 1is
DProbsbly continuous from beneath the Corcoran Clay Member into the
semiconfined aquifer system.

Protection and maintenance of satisfactory water quality are
among the present ang future water Iroblems in the aree. Deficiancy
of supply hes resulted ip drilling deeper wells vhich must aveid
intercepting weter of unsatisfactory quality. Disposal of waste
wvater must be co-irolled to prevent future degradation. "The ares
iz & closed systam draining inte Tulare lake therefore drainage must
be rovided for removal of harmful salts in the Bump ares.
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PURPOSE AND SCOFE OF ™E INVESTIGATION

As part of the program of ground-water investigations in coopers-
tion with the California Department of Water Resources, the U.S
Geologieal Survey, in July 1956, began & study of the Terra Bella-
I Iost Hills area to provide information pertinent to the solution of
the principal water problems of the area. The principal weter problems
related to water use in the San Joaquin Valley sre: (1) deficiency
of supply, (2) floods, (3) how best to utilize surface and ground water
conjunctively, (4) subsidence of land surface ; and (5) protection 2
and meintenance of water of good chemical quality Of these ; only \
flooding is not & eritical mroblem in the Terra Bella-Iost Hille
( area.
The study of water-use Iroblems in the Terra Bella-Lost Hills
area is reported in three parts. The firat yart, Part A, Geology,

ey -

describes the g8eologic units of the ares » vheir weter-bearing

character, and the framework within which ground water accurs and

mwoves. Geology 1s presented first becauge it is fundamental to an
understanding of the Problems that are related to the bydrology and
chemical quality of ground water in the area.
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The second part, Part B, Bydxrology, is concerned with the hydrologic
aspects of the investigation and hydvologic Irinciples in general as
they pertain to the source, ocewrrences, and movement of both surface
and ground water in the ares. These principles of hydrology are then
related to the apecific Froblems of deficiency of supply, floods,
conjunctive use of surface and ground water and subsidence of land
' surface. This report » the third pPart, 1is concerned with the roblems ,
i related to the motection and maintenance of water quality in the
il Terra Bella-Iost Hills area.,
Il The investigation was begun under the supervision of ¢ F.
| Worts, Jr., and campleted under the Bupervision of H. D. Wilson, Jr.,
]f Buccessive district supervisors in cherge of ground -wvatey inveatiga-
P tions of the Geological Survey in California. Fleldwork was done by "3

G S Hilton, R. L. Klausing, R. R Dale, and D. Blskeley. Analymis
| of data and compilation of records were done by E. J. McClelland
and G. 8. Hilton.




dblcarbonate ! designates a water in which sulfate and blearbonate are

WATER-QUALITY OLASSIFPICATION

Concentration of dissolved solids in semples of water are
determined by chemical apalysis. The deta from an anslysis permits
classification of the water for various uses according to established
standarus for domestic, agriculbural endg industrial uses. In the
Terrs Bella-Iost Hills aree, clagsification nf agricultural, and more
specifically irrigation vater, is of Primary concern.

Following the usage of Piper end others (1953, p. 26) the terms
describing the general chemical cheracter of a vater are used in
particular senses, as in the following exsmple: "(1) *calcium
bicarbonate! designates & water in which caleium amounts to 50 NG
bercent or more of the bases and bicarbonats to 50 percent or more -
of the acide, in chemical equivalents; (2) 'sodium caleium blearbonate !
designates a water in which sodium end caleiun are first and second,
respectively, in order of abundance among the bases but neither
amounts to 50 percent of all the bases; and (3) 'scdium sulfate

2

Tirst and second in order of ebundance among the acidg ; 48 above,"




In addition irrigation water is clausified after Wilcox (1955, p. 9)
and e shown by figure 33, as having low, medium, high, and very high
salinity and alkaly hazard, Electrical conductivity is used to
detarmine salini+y while sodium adsorption ratio (SAR) is used to show
the sodium (aigali) hazard. The SAR expresses the relative propor-
tion of sodium that cen be adsorbed by soil when the water 18 used
for irrigetion. The analyses of water shown on figure 33 range from
sultable for most crops and most solls to those which are not usually
«aitable for irrigetion use. However, because of the empirical nature
of the equations used to develop the method, the classification is
not absolute and should be used for general guidance only (U.S. Geol.
Survey, )9Sk, p. 12).

A third hazard, the occurrence of boron in toxic concentrations
in some frrigation water, mekes 1% necessary to consider also this
element when assessing the quality of water. The following table
by C. 8. Schofield shows limits for boren concentration (Bem, 1959,

P. 245). The behavior of any crop imrelsticn-ta boron cencentration
will <a:y, depending on soil textwre properties, climete, and plant - _

Thysiolsgical properties (California Dept. Water Resources, written
communication, 1962), consequently the ranges of valuesa given in
table 7 cannot be considered as fixed limits.
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Table T.--Rating of irrigation water for verious crops

on the basis of boren concentration in the water

Classes of water : Sensitive ' Semitolerant ' Tolerant
H crops H crops : crops
: (prm) 2 (ppm) 2 (ppm)
Excellent <0.33 <0.67 <..00
Goed .33 to .67 67 o 1.33 1.00 t0 2.00
Dermissible .67 to .00 1.33 to 2.00 2.00 to 3.00
Doubtful 1.00 t» 1.25 2.00 to 2.50 3.00 to 3.75
Unsultable >1.25 >2.50 >3.75




All three of the hazards described ere present in soge parts

of the Terra Bella-Tost Hills area  Salinity represents s hazarg
due to the limited tolerance of crops to salt concentration in water
used by the plantsg. This tolerance varies depending on the croyp
grown, locael circumstances such as s0il and climate, and on adequate
drainage to remove harmfuyl concentrations. The hazard can be reduced
by careful Crop selection, provision for drainage ang by dilution with
vater of better qQuality. Adscrption by the soil of excessive quantities
of sodiwm will reduce soll Permeability tending to cause & hard crust
to form at the surface. The sodium hazerd can be controlled by treat-
ment of the so0il or water by epplying a substance such as &ypesum which
increases the available caleiwm, Boron cencentration represents a

<M woblen similar to the salinity hazarqg. This problem can be handled
by crop selection, dra:;.mge, and dilution in the Same manner as high
salinity. Hem (1959, p. 246, 249) 11ste crops according to relative
tolerance to boron and salinity ag €iven in U.8. Department of
Agriculture Bandbook 60.
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The churacter of the waters in selected samples are showm on
figure 3%, The results of analyses of samples ere shown plotted as
Dercent reacting values on disgrams with five radiel coordinates
(after Hem, 1959, p. 180). Each leg is measured in percentage, zero
at the center to 100 st the outer end. The constituents determined
by chemical analysis and calculated as bercentage reacting values
are plotted along the aprropriate legs as indicated in the explanation
on figure 3k, The cations, caleium (Ca), megnesium (Mg), sodiwm (Ra),
and potassiwm (K) are plotted on the two legs extemding upwerd from
the center of the figures. The sum of the cations equals 100 percent.
The anions, carbonate ( 003) > bicarbonste (BCO3) » sulfate ( soh) s
chloride (€1), fluoride (F), and nitrate (N03) are plotted on the
three remaining legs and the sum of the anions equals 100 percent.
Connecting lines were drawn between Plotted values on adjacent legs
of the diagrams forming shapes vhich symbolize the chemical character
of the water analyzed.

All chemical apalyses of water used in this investigation are
tabulated in a mimeographed besic data report on file with the
Geological Survey, Sacramento s falir,
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SURPACE WATER

The Terra Bella-Lost Hills erea receives surface water from five

streams along the east side of the valley and from the Kerr River,
south of the area. These streams, Deer Creek, White River, Reg Gulch,
Poso Creek, and Little Creek whieh drains into Fose Creek, ars all

intermittent and water from the Kern Biver reaches the ares in fleod
stage only. The quality of these waters geueraliy is good where

not degraded by the activities of man.

! Surface waters are a limited source of recharge to ground-water i
I' bodies in the Terra Bella-Iost Bills area and have some effect on

: the quality of subsurface waters. This is shown by the amalysis of
é ( vater from well 24/28-21D2 in White River chammel (£1gm. 3% amd 3%)
f vhieh 1is similar to the analysis of White River water thoughhigher
| in total selids. Over much of the area, a6 described in Part B
(Hydrelogy) of thia reyort, the hydrologic evidence indiecutes that
a rermeability restriction probebly exists at a depth of 100 to 300

feet.




The quality of surface waters in the ares generally is
characteristic of asurface waters on the east side of the San Jorquin
Valley (Bavis and others, 1959, p. 171) They are of the calciwm
bicarbonate type containing 15G to 300 ppm dissolved solids. Upon
the classification of irrigation water of figure 33, the samples fram
Deer Creek, White River, and Rag Gulch are very lov soedium hazard end
low tounedium salinsty hezard wvaters. The outstanding exception to
this pattern of quality is found in Poso and IZittle Cresks where
waters upstream from nearby oilfields ere of the characteristic
cagt-side type but dovnstream from oilfield waste-water disposal
these waters are strongly sedium chloride in charecter wvith dissolved
solids of ebout 1,000 to 1,500 ppm. Waste wvaters from oilfield
dumping in the vicinity constitute the bese flow of Poso Creek during
reriods of no runoff. They are classified as very high sodium and
high %o very high selinity hazard waters and contain boron ranging
from less than 1 to as much as 5.5 ppm. Information concerning
ollfield waste-water in this vicinity is from reports of the Central
Valley Regionzl Water Pollution Contro) Board No. 5, by Iorens and
Nicklen (1957), Nelson and Nicklen (1957), and Nelson and Pxsg (195T).
No attempt wes made to relate quality of water to changes in seasonal
flov. This probably is important only in Poso apd Iittle Creeks where
varistions in runoff combined with changes in waste water contributed

may cause wide fluctuations in quality.
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Unless weste weters in Poso ani little Creeks are treested to
control the sodium hazard, they will temi to reduce soil permesabilities
vhere thay are applied to the ground. The 8alinity hazard and the
effeets of boren will be more apparent over a long period of time
Vien salt concentrations will tend to incresse in the soll where the
water 18 spplied and slow percolation will allow the wvaste waters to
reach greater depthe. Dilution with better quality water and provision
of adequate drainage will =2id in reducing the salinity hazard.

Deterioration of ground-water qua lity because of oilfield waste
waters 16 suggested by the analysis of water from well 27/27-29J1
(fig. 3%4) which shovs & calcium-sedium chloride weter with 925 pm
dissolved solids. However, in the d’scussion of semiconfined water s
the erratic chemical quality of ground water in this wicinity is pointed
out and & single enalysis cannot be accepted as positive evidence of
degradation. Exsmination of the depth to a confining eclay in Poso
Greek channel indicates that shallow wells in the vicinity of the
creek may be pumping from aquifers racharged directly by the creek.
Additienal amalyses of vater from wells less then 300 fewt degp are
not available to demonstrste whether degradation is moving westwvard.
Annlyses of deeper wells west of 27/27-29J1 show no evidence ef
waste-water recharge from Pose Creek.
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Along the west side of the Terra Bella-Lost Hills asrea s
Buens Viata Slough conducts overflow from the Kern River to
Tulare Lake. Normally dry, the slough contains water only
during years of very high runoff. Calcium-sodfum blcarbonate
waters with low disselved solids and usually suitable for most
irrigation uses characterize the overflow waters in the slough

(Pellows and Morris, 1958 p. 36).




GROGUND WATER

Ground water in the Terra Bella-ILost Hills area varies in
quality both laterally and vertically., Selected analymses shovn 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 ere in total dissolved solids
and also in the relative concentrastions of the individusl
constituents. The chemical characteristics of the water have been
influenced by present and past surfece waters in stresms tributary
to the area, vartations in mesent and past climate, and by the
rocks and sediments through vhich the water has moved.

All ground-water analyses on which this report ia baged. are from _

vells which currently are used. Consequently, analyses are not
available from water which is absolutely unsatisfactory for irrigation
use and no specific aress or depth zones where such water ir Tound can
be indicated. A few samples were takea from abandoned vells but
contemination from the surface » in the form of trash, bodies of small
animals, or other debris, cauges the anal;ses of the samples to

be unreliable.
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Semiconfined Aguirer Systen

The term semiconfined is applied to all ground water in the
Terra Bella-Lost Hilla ares where distinet and extensive confining
bed or beds cannot be determined. The semiconfined aquifer system
is sulivided into two genersl zones, a shallow zone that extends
from O to about 300 feet below land murfsce spd a prircipal pumped o
zone below the shallow zone. The depth limitation is not exact and .
18 based in general on an inferred zone of poorly permeable materiasl
mwesumably occurring at about 100 to 300 feet below land surface,
The poorly psrmesble materiels noted in the discussion of the shallow
Zone in Part B, Rydvology, are not shown conclusively by well logs.
( However differences in water levels apd weter quelity suggest the
existence of poorly permeable meterials between the shallow and

Principel pumped zones of the semiconfined aquifer gystem.
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Water from the Shallow Zone

The waters analyzed from wells perforated in the O0- to 3CO-foot
depth zone show generally higher concentrations of dissolved solids
than those from deptha below 300 fset. Typical shallcw zone water 3
shown at U.S. Bureau of Reclamation test well 25/24-15H1 1s calciwm "ﬁ
chloride-sulfate with more than 400 ppm dissolved solids (figs. 3k .
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 thet it originated as an evaporation brine in a2
local area of poor drainage. This water is good for most irrigation :
uses as it has low sodivm and low to0 medium salinity hazards and low =
boren content.

To the northwest in Tulare Iske bed, waters from the shallow
zone have been reported by residents 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
deposits of highly saline material. ILocally very few wells tap thies
depth zone but the California Dupertment of Weter Resowrces, San
Joaquin Valley Investigation (in jrogress) has drilled test wells -
20 feet deep in Tulare lake bed vwhich show shallow ground waters with
as much as 14,400 ppm sodium and 11,100 ppm chloride (Califcrnia Dept.
Water Resources, written communicaticnm, 1962).

LA




On Semitropic Ridge, demaging deposits of calcium carbonste
have sccumulated on pump parts and casings of wells. The location
and composition of the wmter from one of these wells, 2T7/23-16R1,
is showvn on figure 34. Carbonate deposition is apperently related
to depth as these deposits tend to occur in wells that take at least
part of their 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 shellow depth zone may migrate to the
perforated interval vis the gravel Pack in some of the wells with
deeper perforations.
This deposition may be related to carbon dioxide released from
ground water when the well is pumped (Hem, 1959, p. T1). The problem
C might be controlled by perforeting below 200 feet and cenenting the
T il avove the-perforations to prevent ground-water movement through
the gravel peack.
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Water from the Prineipal Pumped Zone

Semiconfined water from wells perforsted below 200 to 300 fest
is generally of good quality in the Terra Bella-Iost Hills area,

This water is commonly of the sodium bicarbonste type with less than
300 ppm dissolved solids and is satigfactory for most uses. Surfaca
vater from the east side of the Sen Joaquin Valley is characteristically
claciwm bicarbonste. This is the most Probable source of the sodium
blcarbonste water in the semiconfined aguifer system. The alteration
in cation content from predominantly calcium to Predominantly sodium
is attributed to the process of cation exchange. In this mocess
calciwm and magnesium ions in solution replace adsorbed sodium on
the exchange material (Hem, 1959, p. 221). Ample quantities of
exchangeable godium are svailable in the heterogenecus sands and
clays through which the water must move from the east towards the
trough of the valley. Sodium concentraiions tend to incrcase vith
the distance from the recharge ares of a given aquifer system and
the depth of the water below land swrface.

Chemical quality of the semiconfined aquifer system is outlined
along each line of geochemical cross section. Some analyses shown on
figure 34 are not included on the cross sections vwhere the projected
analysis vouwld cause distortion in the section or vhere they are not
essential to the section. The cross sections intercept and show all
of the identified units of distinctive chemical quality.
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Geochemical section A-A'.--In the northern pert of the area

figure 35, geochemical gection A-A', shows the cheracteristic sodium

bicarbonate water in the semiconfined aquifer system. In the east

& slightly higher relative concenbration of caleiim in some analyses

nay be dues to the Troximity to intake areas and the fact that the :
| water has not traveled as far threugh the sources of sedimm as waters
farther west. The eastern part of the section correspends to a high
nitrate zone outlined in the vicinity of Bucor on figure 39. The ’

nitrate concentrations observed renge from 20 Pm in 23/28-30K1 to

[

T2 pmm in 23/27-21K1. Locally this sres has been subjeet to intensive
citrus cultivation starting in the early 1900's and the nitrate

LB 0B ke, « Fa%w

conecentrations are Irobably attributable to the continued use of
C fertilizers. This degrsdation of ground weter is of no cencern when
the water is used for irrigation, but should be considered {f the

———— e

vater is used for domestic supply. Hem (1959, p. 239) refers to a

tentative limit of 44 ppm nitrate in a potable water supply for infents. b

At the western end of section A-A' in water frem the semiconfined ;

f aquifer system above the Corcoran Clay Member of the Tulare Formation, b
the dissolved solids concentratien is about 400 ppm, the chemical ZI

°3

/i

| character remains sodium Wicarbonate type. All the semiconfined water

PR
i
I

)i
L

shewn along this line of seetion 1a suitadle for mest irrigatien uses;

»
-t

-h
il il Bt

sodium ani selinity hazaxrds are low te nedium.




Geochemical section B-B' < --Semlconfined waters shown on figure 36,

geochemical section B-B' s are of more varied character than those of
section A-A' though the sodium bicarbonate type 18 sti- common, and >
all are suitable for most irrigation uses. The enstern end of section -
B-B' 1s in the dissected uplands wvhere the water is of highly variable
quality (fig. 34). Wells in this locaii{ty even where in close proximity
may penetrate lithologically different Parts of the geologic section
which could expiain the errutic results of water enalyses. Waters
&% the east end of the section show an increase in sulfate content 2
compered %o waters to the west and the diasolved solids aye greater
tihan 300 rpm.

Between wells 24/25-21L1 and 24/26-3211 northeast of Delano
anslyses indicate increased relative concentration of celcium oimilar
to t at found near the eastern end of section A-A!. This locality also
shows high nitrate concentrations (fig. 39) the highest being found in E
vell 32L1 (76 pm). Most of the other wells in the vicinity are nser
or below the suggested Ll PPn pitrate limit for domestic uge.

In the western part of the section anslysis of water frem wall
24/22-35N1 indicates a Zopne of sodium bicarbonate water ebove the
Corcoran Clay Member. Water in this zone has more than 300 pom dissolved
solids and correlates with similar vater shown at the wvestern end of g

section A-A'. All the water fram the semiconfined aquifer system shown
on this section is satisfactory for most irrigation use, though treatment NN
of the soil ar weter may be required where the sodiwm content is excessive. E
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Geochemical section C-C'.~~Figure 37, geochemical section c-c’,

shows sodium chloride-sulfate water with more than 500 ppm dissolved
sollds in the dissected uplends in the east. Correlations batween
geochemicel sections along the east side have not been made south
of section A-A' beceuse of the water-quality variation fram one well
%o the next as noted in the discussion of section B-B’.

In the central pert of the area heneath the shallow water zone
18 the sodium bicerbonate water containing less then 300 ppm dissolved
solids which is found throughout much of the area.

£t the western end of section C-C' s chemical analysis of water
from well 26/21-14H2 chows sodium chloride-sulfate water with nearly
3,000 ppm dissolved solids. A series of five analyses of water from
this well in the perfod fyom 195k through 1956 show an increase from
sbout 2,650 pm to about 3,000 Pm in dissolved solids with no
significant change in the relative concentrations of the various
constituents. There 18 no east-side source that would provide water
of such poor quality nor is there any apparent sowrce of degradation
from the eest. In T. 25 S, ani P. 26 S., R. 21 E., Davis (1959, pl. 28)
indicetes on his geochemical section h-h', sodiwm sulfate, sulfate-
chloride, and chloride vaters with 2,000 to 7,000 ppm dissolved solids.
This well and others located to the south are near the trough of the
valley vhere witera frem the east and vest sides of the valley meet
and mix.




High boron concentrations are also indicated in this area in
figure 39. Boron is, in verying degrees, injurious to crops and
unless good drainage is provided, waters with excessive horon concen-
trations cannot be used. Throughout most of this report area, boror
concentrations are quite low, but in the trough cf the valley higher
boren concentration is found associated with the water entering from
the west.

Water in the semiconfined aquifer system shown along section C-C'
generally is acceptable for irrigation use. In the east the sodiwm
apd salinity hazards range up to high but both generally are low to
medium and boron content is low. The water sample from well 26/21-14m2
is classed as high sodium hazard apd very high salinity hazerd and boron
content is acceptable only for use on crops vhich have high boron
tolerance. Crop selection for boron and smlt tolerance and suitable
treatment for the high sodium content will be required if this water
is used extensively. South and west of 14E2 the same problems are
amplified by even higher concentrations of dissolved solids (Banson
and Nicklen, 1956, p. %), end west of the sree of this report, water

of aimilar quality was noted by Wood and Davia (1959, pl. 5).




Geochemical section D-D'.--Kear the southern boundery of the

Terra Bella-lost Hills area figure 38 (geochemical section D-D')
skows more varied water quality than eny other pert of the area.
A zome of variable water quality, as previously noted in the
discussions of sections B-B° and ¢~C', underliies the dissected
uplaxds at the eastern emd o the section. Sodiur and salinity
hazards rapge from medivm to very high.

Adjacent, te the dissected uplands and east of Highwny S2 there
is a zone of calcium chiloride wvater having about 1,400 ppm dissolved
80lids and immediately west of Highway 99 calcium sulfate water
having more than 400 ppm d.-solved solids. The sedium hazard is low
in this locelity, but the salinity hazeri 1s medium to high. Nitrate
concentrations range up to 148 ppm at 1ell 28/26-3C1 in the seme sone.
These concentrations ef nitrate may be influenced By ergaide matter
indicated in several. well logs in the viciuity or By agricultural
fertilization. Weter movement is northwerd in this localisy as shown
on the water-level contour map (fig. 25), indicating a pessible sowrce
of the high chloride anmd sulfate waters to the south. Determinatien
of the seurce of these waters will depend on the results of a ground -~

wier investigation in the Kern River fan areas, nov in pwogrers.
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Sodium bicari 'nate waters with less than 300 Pm 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 map mentioned
sbove indicates possibly s seperate hydrologic unit extending west
from the western edge of Semitropic Ridge and including Jerry Slough
and Buenz Vista Slough. This unit is Iresent es a separate chemical
quality unit thst extends west from Semitropic Ridge and includes
Buttonvillow Ridge. Weters in the ridge and slough setting are the
sodium chloride type with more than 500 ppm dissolved solids.
Although the chemical character of the waters is quite similar, the
total diseolved solids is veriable, renging up to sbout 2,300 prm
near the confluence of Jerry and Buena Vista Sloughs (fig. 34).
West-side waters are probably the source for the vaters in this
Vicinity and the variations in quelity msy be due %o flushing by
ground water moving northward along the Kern River channel. Water
Irom well 28/23-11E2 probably remresents flushing by Kern River water

in the southern pert of J‘e:.:ry Slough.




Boren concentrations in excess of 2 ppm are fourd aleng the
wost side of the valley trough. This zone as shown on figure 39 ;
1s correlated with boron to the north and is mrobebly found in
waters reaching the area from the wast side of the San Joaquin Valley. 3
Cn Semitropic Ridge and in Jerry Slough the grouni-water analyses ke
indicate a low sodium hazard and low to high selinity hazard. ‘The
analyses from wells on Buttonwillow Ridge and Busna Vista Slough show
medium to high sodium hezard and high %o very high selinity hazard.

Near the confluence of Jerry and Buens Vista Sloughs sedium hazard
is high to very high and salinity hazard is very high. Treatment
to reduce the sodium hazerd is required to prevent damage te scil
i permeebllity. Salt toleranticrops may permit the use of water that
( has & high salinity hazard. Unless adequate provisien iz m:de for
dilutien with water of better quality and for drainage, salt

econcentrations may eventuslly increase to unussble limits.
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Confined Aquifer System

The confined aquifer system benesth the Corcoran Clay Member of
the Tulare Pormation contains water, as imdicated on geechemical

sectiens A-A', B-B', and C-C', (figs. 35-37) that is of the sodim

bicarbonate type, less than 300 ppm dissolved solids, similar to that

in the semiconfined equifer system to the esst. The semiconfined

aquifer system undoubtedly is the source of the water having these

characteristics. Each of the three cross sections indicates & zone in

the west vhere the confined waters are of much poersr quality. This

zone probably represents mixed water from the east and west sides

of the San Joaquin Valley and shows a sodium chloride or chloride-

sulfage character with dissolved selids ranging frem about TOO ppm :

to about 2,400 ppm (frigs. 35-38). ;r!
Host of the water below the Corcaran Clay Member is of usable -

quality for irrigation. Waters in the west are classed as having

bhigh to very high salinity hazard and medium to high sodium hazaxd. __f'l:;,_:

(rigs. 35-'57). Boron concentration does not exceed 0.8 pm in any

of the snalyses available, therefore the water is within permissible B

limits for boron sensitive crops. The sodium hazard can be sltersd

by suitable treatment of the water and (or) soil but the salinity

hazard accentuates the need for dilution with water of better

quality end for provision of adequate drainage.
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Cinfined Aqlgifers in Marine Rocks

Water cenfined in rocks of the Samta Mergarits Formatien 1s
wmdformly ;ndim chloride in character with disselved solids cencen-
trations greater then 300 ppm end generally less than 500 ppa. A short
distance west of the town of Richgrove an interfsce betweer fresh and

~n
ES Y

saline water is indicated by electric logs of oil-test wells., Future "
develomment of the Richgreve aquifer will be restricted west of this
interface.

Sedimentary rocks comprising the Santa Margarite Formetion are
largely marine in origin and prebably contained salty water when
dapssited.  Fresh water found east of the interface at presant is
atiributed to partial flushing by fresh wvater at some Sime subsequent
to depesition of the aquifer. Fast of the interface the water 1s
classed as having medium to high selinity bagard and high ©6 very— - _
bigh sodium hazard. In spite of this weter classification
apmoximately 30 irrigatien wells have been developed in the aquiter
aince 1954. The sodfum hazard 1s dealt vith by LreatEemt of vater

and (or) soil and as long as this procedure is used, the hezard is “‘“"‘**-:
not apperent, though the salinity hazsrd is increased by the treatment. ﬁ
Effects of the salinity hazerd are mere difficult to jredict. As J

disselved selids concentrations are net yrohiditively high, the
salinity hezard will prebably be ayparent only on long-term basis.
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Water confined in the Olcese Send beneath the Santa Msrgarita
Formation of Diepembrock (1933) (figs. 35, 3T, and 20) represents
a potentiel source of ground weter but is little developed at the
yresent time. Water quality 1a estimated to be aimilar 4o that in
the Santa Mergarita Formatien on the basis of electric logs fram
0il-test wells thet penetrate both aquifers.

Fresh Waler-Salt Water Relationships

Each of the four geochemical sections (figs. 35 through 38)
show the approximate position of the base of the fresh watar s 8loping
eastvard from the trough of the valley. This position ig estimated
from electric logs of oil-test wells. The points at which the depth
vag estimated are often far apert and estimates of vater-quality
changes were not certain. ‘The bese of the fresh water 1s probably
continuwous frem the semiconfined waters to the confimed waters
beneath the Corcoran Clay Member of the Tulare Formatien.

Ko analyses are available for water from the Santa Margarita
Formation or Olcese Sand west of the base of the fresh weter (figs.
3T and 20), The vater to the vest 1s estimsted from electric logs
to be very high in dissclved solids, probably in exeess of usable

concentrations .
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WATER-QUALTITY PROBLEMS

Protection »vd maintensnee of satisfactory water quality are
among the mresent and future problems facing water users in the
Terra Bella-lost Hills area. Deletericus effects on the quality of
water may result from deficiencies in surface- spd ground ~vater
supplies, injudicious disposal of weste waters » and lack of adequate
drainage for removal of harmful salts or pollutanta.

Deficiencies in surface- and ground-water supplies have
influenced the quality of avallsble ground wvater in the Terra Bella-
Lost Hills ares. Irrigwvtion with surface and ground water leaches
substances from the soil through which the water percolates. When
waters comtaining excessive concentrations of these substances reach =
and mix with the ground-water body, they contribute to its gradual
degradation. In the area, changes of quality with time huve not
been consistently demonstiated; some ndividual wells sbow short-term
trends indicating that such changes mey be occwrring. Deficiency of
supply results in the drilling of desper wells in an effort to reach
revieusly untapped so.srces of ground vater. If deeper vells intercept
vaters of unsatisfacto-y quality, any communication betwesn bodies ».z
of water along the well core or casing vill permit mixing due wither ‘
to head differences or to pumping effects. Most of the existing wells
do not apprench the depth where electric logs irdicate water of very
Poor qQuality. Development of the Santa Margarita Formetion will
probably be restricted by the presence of brackish or salty waters

west of Richgrove.
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Injudicious dispossl of waste wvaters of undesirable quality can
cause degradation of ground waters. In the Terrs Bella-Iost Hills arem R
dunping of o1lfield waste wvater constitutes e real and potential problem
along Poso Creek. Only limited evidence of contemination is found at
Present, though in time the mroblem mey become evident over a larger
érea. This problem 18 not widespread apd ie under the supervision of
the Central Valley Regionel Water Pollution Control Board (No. 5).
Surface drainage of irrigation water 1a also Part of the disposel roblem
as water, repeatedly applied for irrigetion, is degraded by ezch reuse

[V a2 b

”

until it acquires an unsetisfactory quality. The solution of this
Problem Wtinstely 1s related to providing a supply adequate to dilute

>
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and drainage to flush the undesirable saits out of the area.

The drainage in the Terra Bella-Iost Hills area is a closed system
tributary to Tulare Iake. In a closed system, lack of adequate drainage
for removal of harmful saits or Pollutants 16 & direct cause of degrada-
tion of ground water in the Bump eres. Sump conditions in Tulare Iake
bave resulted in t.e development of alkaijne 80ils and a shallow ground-

water body‘e.f such poor quality that, weila tapping this source are .
Very scarce. ‘Thi, problem might be alleviated by providing adeguate 3
drainage to prevent the accmiﬂ.ation of barmful concentrations of salts. \

The California Water Plan proposes .o mrovide adequate drainage &
for removal of the harmful salts end pollutants by constructing a vaste
copduit (California Dept. Water Resources, 1957, p. 119). is conmdutt
will extend along the trough of the valley from the vicinity of Buena
Vista Lake to the saline vater chennels near the combined deltas of the
Sacramento and San Joaquin Rivers.
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Teble 1.--Geologic history of the Sen Jonauin Villey nnd w_ﬁ.mnﬂ.ub mountains

leal

(Adapted from Davis and cthers, 1959, p. 38-39.)

Coast Renges

San Joequin Valley

Sierra Keveda

Recent

Subserial erosion forms present topography.
Minor structural movements continuing to

present time.

Depoeition of stream-chennel, elluviel-fan,

overflow, erd laucstrine deyosite contempor~

aneous with mild dissection of tilted alluviel

fane on east side of wvalley. Deposition of
broed coslescing slluvisl fans on west side

of valley.

Subaeriel erosion et high sltitude.

Pleistocene

Major feulting and folding developed present
relief end form of existing structures
reflected by Lost Hills, Buttonwillow Ridge,
end Semitropic Ridge, and probsbly esstern

area of dissected uplands.

Deposition of coarse alluvial deposits by
streams dreining Sierra Nevada contempor-
aneous with diesection of tilted older
alluvial-fan deposits. Alluvial fens on

east side tilted with Sierra block.

mQTu.n._. stages of glecietion in higher parts of
range. Lest major uplift of range along faults
on eastern margin with edditional westward
!

tilting of Bierra block.

Pliocene

Folding end faulting on regional scale in
lete Pliocene outlines present form of

renges.

Extensive lake occupled western part of valley
for a time in lete Pliocene. Most of the
welley was &bove sea level in late Pliocene.
Streams fror Slerra Nevada deposited
geperally [ine-grained zlluviwm on the eant
side, including coarse-grained volcanic
detritus.

Relative structursl stability.
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Table l.--Geologlc history of the Sun Joaquin Volley and bordering mountaine--Continued

Epoch Coest Ranges San Joaquin Valley Sierre Revuda
General tremd of present structural and topo- Deposition of continental end merine sediments Uplift along feults on eastern border eleveted
graphic features wes established. in southeestern pert of valley contemporaneous renge several thoussnd feet.
Miocene with marine sedimentetion in central and
western areps. Valley lergely above sea
level during esrly Miocene.
Oligocene Most of renges above sea level. Continental nmgmpanou in southesstern part of Erosion continued.
valley.
Marine deposition along east flank. Shallow sea occupied most of valley aree, shore | Moderate uplift of chenge in base level caused
» f
locally encroached on Slerra end Coast Renge; dissection of weethered rocks.
Eocene K .
streams frop Sierrs deposited normarine cley,
quertzose send, end grevel along eastern
i
border of valley.
Paleocene Sedimentation practically uninterrupted along Deposition of marine sediments in northwestern Eroeion continued.
eastern flank of present Coast Reanges. part of valiey.
Shellow-water merine sediments deposited in Deposition of clestic sediments in shellow Erosion uncovered granitic rock over broed srees.
_ :
lete sinking geosyncline. sea occupying the northern ard western Rocks of ?Hmouo»n and esrly Mesozoic age folded
G !
Cretaceous end »:ﬂ.c*oa by fgneous rocks of granitic

parts of present velley. Downwarping kept
14

pace with deposition.
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Table w.uvmnqa.n»nmumﬁv. ard wnter-bearing character of the marine sedirentary rocks of Pertlory age

¢vf)

Qeologic unit

Lithologic cheracter snd thickness

Importance as e source of weter

Btchegoin Forretion named for exposure in vicinity of
Etchegoin Ranch, 20 miles northeast of Coalinga, Calif.
(Anderson, 1905). In the oilfields on the emst side of

the San Joaquin Valley the merine siltstone ami claystone

impedietely overlying the Chanac Formation of Pliocene

age is designated ss the Etchegoin Formation.

Oceurs only ig the subeurface and consiste of ¢layey micaceous ailtstone apd clay-
stone with H_m...unu of well-sorted fine 811ty to medium grained memd gumﬂnudu.uof
1933, p. 13). In the Jasmin 011field, southeast of Richgrove, Colif., the

Etchegoin Formetion *3 ebout 500 feet thick (Park snd Weadle, 1959).

Clayetone and siltstone are poorly permemble but
lenses of well-sorted sand may contribute small

amounts of water to wells.

Santa Margarita Formstion named for exposures at Santa
Margerita, San lule Obispo, Calif. In the oilfields of
the east aide of the San Joaquin Velley, merine sand
immediately underlying Pliocene and Pleistocene con-
tipental mmuo._mw. are designated as the Santa Margerits

Formation (Diepenbrock, 1933, p. 132).

Occurs only iji the subsurface snd consists of feairly wvell-sorted to well-sorted
gray sand. “Hu the Jesmin oilfield, southeast of Richgrove, 1t is 150 feet
thick; the thickness ranges from 0 to 600 feet.

Extensively :o»u.uu.mn in the Richgrove ares.

Bound Mountein S11t of Diepenbrock (1933, p. k-16).

Crops out on_,.v neer Poso Creek. In Mount Poeo oflfield it consists of 220 feet
of gray P-b_« hrown eiltstone, including a 50-foot bed .of diatomite 70 feet
below top and 57 feet of gray silty sand 3 feet above base. The thickness

ranges frod 0 to 220 feet)

Foorly permesble and not used ams a source of wvater.

Olcese Saml of Diepenbrock (1933, p. 1k).

Crops out o:w_.a. near Poso Creek. Mainly unconsolidated medium- to coerse-grained
t H
'
gray sand, contains occasional pebble and siltstone beds. In the Jasmin oil-
field, southesst of Richgrove, the unit 1s approximately 657 feet wan

(Kretsinger snd Nelson, 1957, p. 6); 1% ranges from O to 650 Peet in thétkness.

Moderately permesble to permemble 3 potentielly =

source of water in the areea eest of Richgrove.

Freeman-Jevett S1lt of Albright and others (1957, m 13).

Hard compact serdy siltatone anl silty sand; eshy in upper portion. In Mount
Foso ollfield the unit ie approximately 1,100 feet thick; thickneas ranges
from 0 to u.._,ﬂq feet.

Probably not important 2s & potential source of

vater.

Zyremid RB113 and Vedder-Sumis—of—ibright—esni-—ohhers:
(1957, ». 13)

QOoneiste of QNLV oand, olive Wwowk, .wery.clayey; black febblea st dege..
Lower send, alterneting fine-grained marine sand ard nommarine rough
gritty send and gravel. Combined thickness ranges from O to appmroximately
340 feet.

LEittle information aveileble. At present is. not

used 28 a source of water, but may be a potential

source for a limited area east of Richgrove.
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