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SUMMARY

_ Purpose of the Geologic study of the Lindmore Irrigation D_istfict
is to develop basic geological information on ground-rater supplies and

storage.

The district includes parts of four physiographic divisions: (1)
The foothill aréa underlain by igneous and metamorphic rocks of ‘the
Bagement Complex rocks; (2) a flanking belt of smooth slopes consisting
of weathered outwash from the foothills; (3) a piedmont formed by the
0ld Alluvium of the Koweah cnd Tule Rivers; and (4) the Jower-lying and
younger alluvial fans and stream bottoms.

The Basement Complex, which lies at a depth of approximately 1,000
fect under the district, is assumed to have no effect upon the ground-
water table, but does restrict the downward percolation of surface water
near its outecrop. The sediments of late Tertiary and Quaternary age,
which rest upon it, are gater-bearing. They comprise the Kern River
series which is herein divided into the 0ld Alluvium or Delano beds
above, and Kern River formation below. The Delano beds are, in burn,
overlain by the recent Young £11uvium and the Porterville clays.

Detziled studics were mada of the logs of 133 wells, 61 of which
are in the district, to determine specific yield of the sediments from
the low-water level of 1921 to the low of 1944, or 1946. Specific yields
thus determined vary ab individual wells from 2.9 to 29,7 percent,

averaging 7.4 percent for +he entire Lindsay cone 4red.

Most of the availnble ground water within the Lindmore District de-

™

IS

ends on rochargc by inﬁuent-see-pag&£remm_xnﬂ§a_h,?9§ Tule Rivers
and their diversion ditches. ewis, Yokohl, and Frazier Crccks contri= -~

bute minor amounts.

Tt is concluded that completely confined water zones do nct exist,
nlthough therc may be some partial confinement under low prossure heads.’
There is no concrete evidence jndicating permonently pere ed water zones,
but temporarily perched zones rosult locally from slow downward percola-
tion nfter heavy pumping drafts. flater contact is never. lost betueen
the scmi-perched water and "low" watertable.

Large scale spreading methods for storage of water undsrground
should be on the loose, open=textured soils which occur chiefly outside
of the district. Over-irrigation might concoivably be successful
ghere tho hardpan of the older soils does not inhibit percolation of
gurface water to the frece vatertable. The lack of favorable spreading
area within the district points up the neecd for further jinvestigation
into the feasibility of spreading through weclls, pits, or shafts.
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UNITED STATES
DEPARTMENT OF THE INTERIGR —
BUREAU OF RECLAMATION
REGION II

Tularc Basin District
Fresno, California

June 1948
GEOLOGIC STUDY

OF THE
LINDMORE IRRIGATION DISTRICT

INTRODUCTION
1. Purpose and scope. = This Goologic Study dovelopes basic infors
nation for a "Report for contractual Moses between the United States
and the Lindmore Irrigation District providing for water serviee and
for the construction of a distribution system, Central Valley Project,
Californie." This study is one of several that have been, made in the

district, the others covering Water Supply, Land Use, Economics, and

Irrigation Distribution System Design and Cost Esbimabe, - - —
2 - This study ieviews topographic and geologic conditions in the
area, specific yield of the sediments, cffect of geology on the
occwrrence of ground water, possibilities of perched water tables and
confined water bodies, and sources of water supply. Together, these
fornm a basis for computing the quantity of supplemental irrigation

water needed and for determiniqg the size of distribution system re-

quired for this district,

DESCRIPTION

3. Location. - The Lindmore Irrigation District is in Tulare

Sounty, California, about 60 miles southeast of Fresno and 14 niles
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east of Tulare, occupying portions of Tpss 19, 20, and 21 S., Rs. 26 and
27 Ei; Mt, Diablo Base and Meridian. The district, with gross area of
27,478 acres, extends from 2 miles north of Lindsay southward to 11 miles
south of Strathmore, a distance of about 9 miles. A branch line of the i
Southern Pacific Railroad forms the eastern boundary for 7 miles, the
southeastern por%ion of the district lying east of the railroads 'Tﬁéu

district's greatest width east and west is about 10 miles. Neither Lindsay, i

the site of district headquarters, nor Strathmore is inside the district

voundaries which include no incorporated towns. General location of the |

district is shown on Plate 1 of this studye.
L, The Friant-Kern canal location traverses the southeastern por-

tion of the district for 1.6 miles, entering it near Strathmore at a

point 93 miles from Friant Dam. Approximately 2,472 acres (9 percent) of
the district's gross area are above the canal,
5. History. - Before 1880 this area was used primariiy for cattle

raising, but after that time wheat growing became-an-impertant industrys

The Southern Pacific Railroad completed its branch line from Fresno 0 .

Porterville, which is about 3 miles southeast of the district, in 16888,

extending it to a junction with the main line at Famoso in 1890, the year
in which the first orange trees were planted in the vieinity. First de-
velopment of water wells for irrigation purposes in the area occurred in
1895, Intensive pumping since that time has resulted in a serious lower-
ing of the water table. The district was organized under its present name
in 1937, for the purpose of obtaining a supplemental water supply from
the Friant-Kern canal.

6., Population. - Present population of the district is estimated
at 3,600, all rural. An increase to about L,000 is anticipated under
ultimate development, Some land is classified as residentiel because

2



it is occupied by suburbs of_Lindsay and Strathmore although not included
in the.limits. of either tovm, ..

‘7. . Climete, - The climate in the region of which the Lindmore Ir-
rigation District is a part is semiarid, Average annual precipitation
at :Lindsay has been 10,95 inches over a 33-year period, Avgrage monthly
temperatures range from about 45.5 degrees in January to 80,8 degrees in
July. Average frost-free peri9d is 238 days, occurring ordinarily be-
tween March 20 and November 12, Prevailing winds are from the northwest,
About half the district has thermel protection attributc_ad to drainage of
cold zir from higher elevations toward the valley floor, This facilJ:.v
tates E:itrus cx_llture, vhich is the predominant egricultural activity.

8. Soils, - Predominant soils of the District are referable to
the San Joaquin, Exeter, and Madera series, These are typical hardpan
soils which, when locatc_ad in the thermal belt, are well adapted to cit-

rus, olives, and grapes, Smaller areas are occupied by the Foster, Chino,

'Gfé'e'hfi_e"Id';"H'aIﬁfoi‘d'"anﬁ_ﬁarj'on"s'"5? Mlnms ana ol young. deeD alluv:'_Lal

soils well adapted to a grest variety of crops, Most of the hardpan
soils were charecterized originally by hog wallow micro-relief, little
of which remains due to extensive land léveling.

9, ‘Transportation, - Reil transportation for the district is fur-

@

nished by the Southern Pacific and Santa Fe Railroads, The principal
shipping points and market outlets are Lindsay and Stratr‘xmore , at average
truck hauls of about 6 miles from points in the district, Roads include
two mair} State route§ and a system of improved County roads,

10, Industries, — Most of the industrial activity serving the dis~
trict is centered in the two towns adjacent to it, but not within its

3
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boundaries, Industries inside the district include two large olive

packing plants and one Spray company plant,

TOPOGRAPHY

11, The Lindmore Irrigation District lies on the floor of the San
Joaquin Valley in an area covered by the Cairns Corner, Lindsay, Wood-
ville, Exeter, Rocky Hill, and Porterville quadrangles and extends one-
half nile into the Lemon Cove quadrangle, of the United States Geological
Survey, It is bounded on the east by the Lindsay-Strathmore Irrigation
District, their common boundary being generally the Southern Pacific
Railroad. To the northeast are the Sierra Nevada foothills, which pro-
Jeet into the district only in its southeastern corner., The Friant-Kern

Strathmore Irrigation
_Mici_tarm.e.L.g:-cuaé#a‘ae'f—ﬁ&—geuibgic—ﬁﬁf?ﬁti_m"c'ié"t"'Eéiiﬁﬁcuous ’
feature is g great "cone of depression" of the wéter table and for this
reason the entire unit will pe called the ﬁgipdsgz_gpgqﬁ_or simply, "the

cone" in this study, The cone is' bounded on the. north by Keweah River

' and on the south by Tule River, The accompanying maps and sections extend
to the north ang south to inelude these rivers,
13, The langd surface hag a wosterly slope averaging 15 feet to the

mile at the eastern edge of the district and less than 10 feet to the mile

at the west edge. In the southwest portion where it includes part of the

fan of Tule River, thes lang slopes northwesterly, North of the distriet,
southwest slopes prevail on the Kaweah River fan,

14, The accompanying geologic map (Plate 2) indicates four main
physiégraphic divisions of the Lindsay cons, Division 1 consists of the

4
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foothill area and is underlain by crystelline rocks of the Basement Com-
plex, Division 2 consists of smooth slopes underlain by wcathered out-
wash from the f oot',hills, The slopes vary greatly, averaging probzbly
100 fee? per mile,

15, - Division 3 consists of the 01d Alluvial piequnt form_ed‘ by

Kaweah and Tule Rivers end smaller streams between them, In this end

. adjacent districts, the 0ld Alluvium occupies interfan at the positions

relative to the young alluvial material, In the Lindmore District, it

. outcrops between the Tule and Kaweah fans, Its westerly sloping sur-

' face is characterized by a hummocky micro-relief of mounds and basins,

locally known as '"hog wallow" Z-Land. f Differential relief of the hog
wallow varies from 1 to 3 feet, The or@gin of this prominent topograph-
ic i'eé.tw'lre is not generally agreed upon,

16, The 0ld Alluvium represents a former apron of coalescing fans

initially continudus along the east edge of the San Joaguin Valley from

Bakersfield .norfhward,? This apron now forms a ‘dis"d’bﬁt;’i.ﬁu'bﬁé' belt with
charactgristic relief,

17. Division 4 includes the lower lying and young alluvial fans
and stream bottoms.of Kaweah a2nd Tule Rivers and Yokohl, Frazier, Lewis
and Mehrten Creecks, The_Kaweah and Tule Rivers fans are large and ex-:
tend far into the valley, Those of Yokohl aznd Lewis Creeks zre smell,
The district is mainly in the inter-fan area between the Kaweah and Tule
Rivers,_, but includes a southwestern portion of the recent fan of the
latter, The Kaweah River, on leaving the foothills, occupies a channel
50 to 200 feet wide and 10 fco 15 feet desp, Its gradient north of Lemon
Cove is about 15 feet to the mile, but to the west it divides into se--
veral distributaries with average gradients of 7 to 8 feet to the mile,

5




The channel of the Tule is 100 t.QA 300 feet wide near Porterville and
from 5 to 10 feet below the general land level. Its gradient is
about 10 feet to the mile, lest of POrterv:flle, it also splits into
a system of distributaries,
18, w@ stream that lies within the
Lindmore District. Its runoff is negligible and as a result it has
‘an insignificant_ﬁhamwéf A former chamnel north of the present one

may be seen on the Lindsay quadrangle. Its depth is five feet below

the general level vhere it enters the district at Strathmore, diminish-
ing to about two fect at the western district boundary,

19. The present

It 35 2 to 3 feeb bolow the general level and slopes 6 feet to the mile

4‘

|

! in the area inmediately north of the district.
20. Yokohl Creek flows northwest from the foothills toward the

e - ’Kawe‘ah‘g’isgna el sbout _ -ﬁm}ﬂ with a gradient of 17 i".et to

the mile, about the same as in its lower valley. Two former chamels
may be seen in the distribution of Young Alluvium on the accompanying
geologic map. Both of these are to the south of the present drainage;

one flowed west, and the larger southwest.

REGIONAL GEOLCGY

21, Mountains were first formed in the area of the present Sierra
Nevada at the end of the Paleozoic geologic time by uplift and folding
of a vast series of sediments. The folded sediments iere intruded
in Jurassic times by great masses of granitic magma forming the Sierra

batholith, Some of the pre-existing scdiments were assimilated following

6
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magmatic stoping, W and subsequent erosion has removed the larger
porticu of the remaining sediments overlying the granite,

22, The_ﬁgn Joaquin Valley has been marginal to one or another
trough at least since mid-Jurassic, ‘During much of this time some part
of the vallgy has been receiving sediments from the east and to a
lesser extent from mountains to the west.

23. The Sierra Nevada took on their present general outline in
late Miocene geologic time. The northern Sierra was tilted to the west
,énd faulted on the east, The southern third of the range is a complex
horst (2) with low westward tilt. The Sierra§ have becn uplifted sever-
al times since the Miocene., Erosion has been active, constantly re-
moving rock and depositing it as sediments in the San Joaguin Valley,

; 24, \RQ until Pliocene time moét of the sediments were marine de-
gposifs;'since then they heve been predominently continental, and were de=

i
gposited layer upon layer in broad, often coalescing alluvial fans, lake

H

§beds, and some marine deposits, Sand, sandy clay. and clay wors 1aid

down in a complex assemblage of discontinuous,lenses, stringers, and

pockets. At present, great fans cover aimost the cnti;g_g%qgg;gg_ggg_

San Joaguin Valley.

25. _The bedrock surface of the Sierra Nevada dips westerly 4 dcg.
-______-___-___——_—-—-_.________‘—\— o —— ‘_'_‘———-————_._—

to 6 'deg. beneath the valler sediments, Geophysical evidence indicates

the alluvial £111 reaches a maximm thickness of 25,000 feet or more
Jjust east of the Coast Range foothills, 0il well and wildcat drilling
south of Tulare Lake establishes the Presence of 2,500 feet of nonmarine
(1) Magmatic stoping is a process by which large blocks of rock
overlying an advancing magma are broken off and sink into the

molten mass. These blocks are usually melted and become assimi-
lated into the magma,

(2) A horst is an upthrown block of the earth's crust bounded by

high-angle faults,
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sediments beneath which are 2, 500 to 4,000 feet of alternate marine

and nonmarihe deposits which are mostly soft siltstone, sometimes clayéy

or sandy.

26. Table 1 outlines the geologic history of the Sierra Nevada

and San Joaquin Vallqy since'éalébzonié time,
STRATIGRAPHY

27. The Lindsay Cone is underlain by (a) a nonwater-bearing
series of rocks and is developed in (b) a water-bearing series of

sediments,

28, Nonwater~bearing series, - The nonvater~bearing series com=

prises the Basement Complex and ¢rops out throughout the foothills and
mountains east of the area, These igneous and metamorphosed rocks are
relatively impervious and inhibit,ground=waterrecharge and are not fur-

ther considered, Stréams flowing on the Easement, Complex lose little op

none of thsir—e?igiﬁaifiiaw‘by'inflﬁént"SEéﬁéée, since downward perco-

X

lation of-the ground H;ierAis restricted atf{ha contact between the

(3)
Basement Compiex and the alluvial sediments, _The Basement i3 assumed to.

_be deep enough to have no si ificant effect u'on_thnground—waten-suppxzh

-and conditions beneath the Lindmore Irrigation District,
_H_H____,___%q_ﬁ____________ﬁ________E_______ﬁ___ﬁhq

29, late Tertiary and Cuaternary vater-bearing sediments form a
huge wedge, thickest ncar the western edge of the San Joaquin Valley
and thinnest along the mountain front to ‘the cast, The ‘gencraliged

stratigraphic Scquence is shown in Table 2. For the purpose¢ of this

i i

‘ia?! The marine sediments of }iocene geologic age, which outcrop
ﬁgfarther south, have apparently been completely eroded or Were
I

inever deposited in this area, and the alluvia) sediments rost
¢ unconformably upon the Basement Complex, :

J

i
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the Kern River series has been

River Formation .l

divided into the lower ;'K_ern
and an upper 'porti‘on, "9]_.2 ﬂl;luviuni"_ﬂ(-z‘) )

i beds, n

30, 'This 'water-bearing series,

Tertiqry and Quaternary geologiq age, form the ground-water reservoir of
the Lindsay cone, The Kern River formation has been_included in Table

31, The Basement Complex consists of
{

Znclent, sedimentary and vol-
canie rocks, now greatly meta.morphosed, and

#5the granitie rocks which
intruded them,

These were involved jin the late Jurassic deformation and

form a unit that underijeg the valley £i11 =t varying depths -. probably
—2erl1es the £ _Prooadly

not less than 1,000 feet below the Lindmore District, on ¢

ing geologie map,

e accompany-
Flate 2, the granitic rocks
‘Temainder of the Complex,

W-—az-e—diff'erentiated from the

g‘: 32, T.Eéﬂef;aﬂirp_h“fdjﬁéi_m_e@ézy_a@ vole
i

<fde recks comprige the
( : {{Kaweah series, which Were folded ang altered at_Lhe_clo:se_Qi‘ the Jurassie
————S8Tles, which w === 20lded anc
i?This ser

*00r0_to granj d the Kaweah series,
33, Water-bearin 8eries, -~ The Kern River formation includes a3
—————==2IF series .
known or

Sediment.g
of the Kern River formation probably oceur beneath the area, since they
Crop out just South of Tyle River where they disappear beneath the 01d

(4) no1g Alluvium" nameq "Delano beds" ip Feport on Southern
San Joaquin Municipal Utility District
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Alluvium, Aquifcrs of this formation presumebly contritite water to the.
deeper wells, The lithology is similar to 0ld Alluvium or Delano beds
describé&m‘;éi;;i; no means of separating the two by use of water well__logs
is known ot this time,

3. The Delano beds crop out as a belt of varying width between

the Tule and Kawesh fans and the foothills. Sediments shown n the ace
companying cross-sections belong largely to this sequence, which is the

most prominent in the area,

35, The Delano beds consist of fluvial sands, silts, sandy clays, i

and clays, with a few thin lenses of gravel. The sands are generally -
arkosic, angular to subangular, friable t;a loose, poorly sorted and of
various shades of reddish-brown, tan and gray. The clay and silt frac-
tions, varying widely in a.rﬁounts, form the only cementing material ob-
served. They are often deeply stained by iron oxides resulting from
weathering, accounting for the common reddish-brown color of the sands. !
These finer materials are decomposition products whichoccupy pore spates —
between the grains and reduce permeability. Varioﬁé types of silts form
the bulk of the formation and generally are of low permeability. Clays,
E also, are common in the formation. They ars usuallyjfrown or reddish-
brown. In the clay and silt beds, sand grains of fine, medium, and
coarse grades are usually present, as well as scattered granules and small
pebbles. The clays and silts are frequently calcareous and consist lerge-
1y of subangular grains of granitic rocks with minor amounts of meta-
morphic material. Pebbles larger than 10 mm. are often rather well rounded,

36. The hardpan soils of the San Joaquin, Madera, Excter (5) and
Yokohl serics have been developed on the 01d Alluvium fans., Brown and
(5) The hardpan underlying the Exeter soil is not properly a i)art of

that formation, but of an older, shallowly buried soil profile,

12



oxide, or by calcareous, hardpang, ' Slight differences in soil types'
developed on the 0ld Alluvium can be attributed to logal differences._
in relief, parent materials, and elevation of the ground-water table,
Relief, and excess or defiéiency of water_: have been the controlling
faétors'.in ‘the development of these soils,

37. Soils in the area between the fans of the Kawezh and Tule

ggtions. The latter often give rise to lime-cementedﬂ hardpans, These are

3

: gthe "Lewis soils," developed where alluviation has not occurred for some

T

R e AT AN it et

.

i=t:[me and‘where there was formerly a high water table due to r_g_gtrlcted ]

§ 4

ggdrainage. Soils of this type are wide-spread along Lewis and Frazier

Creeks, They have the Same age and parent material (01d Alluvium) as

the normal non-saline soils of neighboring areas,

38, Porterville clays occur in a nearly continuous hals of-vary-

01d Alluvium of the valley floor, While domina.ntly clay, there are fre~
quent scattered angular grains of sand and gravel, Locally, boulders of

basic igneous rocks up to one foot in diameter are abundant on the Sur-

face and throughout the soil mass, The surface horizon is g black to

dark chocolate brown adobe,

Beneath +

The Portervilie Soils

represent weathered outwash from the foothills, transported by "creepr and

run-off, They veneer the other materials probably to ga depth of not over

40 feet; and may still be forming,

13




Zide

_' ; Lindsay cone were built by deposition if;om Kaweah and Tule Rivers, with

¥

]

| i minor assistance from Lewis Creek, Judg;ing by the predominance of

A 1

:; 5 fine silts, s_{lty clays, and sandy silts within the area considered,

39. Young Alluvim forms the fans, flood plains and channels
of the present streams, Ii_; resembles 0ld Alluvium, but being younger y
is not so deéply weathered, As a consequence, heavy subsoils and
hardpa?s have not developed and the material§ are generally loose and
porous, Sands of various grades predaminate, They are usually gray to
g:x'ayiShébi-on—ﬁm,»and arkosic, Sandy silts occur in the Young Mluvium
within the district in the Tule fans and the small fan former ly built
by Lewis Creek near Lindsay,

L0, 'Sedimentary material comprising theh ’VDelano beds underlies
the Young Alluvium, In many places, hardpans developed on the 0ld
Alluvium have not since been eroded and are present beneath the flood
plains and fans occupied by Young Alluvium., In the present bed of

Yokohl Creek, in sec, 24, T,18S,,R,26E, s an iron oxide hardpan of the

San Joaqu:.n soil series protrudes through the gravelly stream wash,
GEOLOGIC STRUCTURE

4Ll, Water-bearing series of the Lindsay Cone, - Sediments of the

the original slopes of the Ksweah and Tule River fans were gentle and
deposition sufficiently slow to allow complete weathering and breaking
up of coarser materials, Each constituent alluvial fan of the piedmont
had its own set of built-in aquifers, elongate and radiating from its -
canyon mouth in rude beds zpproximately parallel to the surface of the
fan, Cross-bedding, excessive textural variation, and discontipuous
layering of sand lenses of varying thickness are characteristic, The
cross-sections, Plates 6, 7, 8, 9, 10, and 11 are intended to show

AV A
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TABLE 2 ~ Generalized stratigraphy of water-bearing series
Lindsay-Strathmore-—Lindmore ground-water unit
_PQ@\C)O _ .
“hge— : CLOC [ s Geologic formation 3 Description
<3 Hill wash : Mainly clay with scattered

: : : angular grains of ~gand and
: : : gravel. Locally, boulders
: : : of basic igneous rocks-to
: : : 1 ft., found in abundance.
: i ¢ Clay, various shades cf
: 2 : brovn, highly ‘calcareous.

. :Recent @ s
H : Young alluvium : Loose, porous, unconsoli-
: : . dated sediments. derived )

b : : . from granite rocks; sands

b : : of various sizes predomi-

g : . nate with a high percentage

B3 : : of silt.

g s ) H

(<A i :
:Upper : 01d alluvium : Arkosic sand, angular to
:Pleis~- @ . or . subangular, poorly sorted '
:tocenc ¢ Delano beds . various shades of reddish-
: 3 : brown, tan and gray. Clay

—m el s and silt present in varying ;
: 2 o gmounts. T i
: : 3 . Local unconformity? ‘
. o H .
: ;3 A é
:Pliocene : 5 Kern River 3

P e : 7 formation : 5

FiH s & :

*5 : : g :

S ¢ ¢ :
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trends and the proportion of permeable and relatively impermeable layers.
It is not possible to correlate individual beds, but groups of beds or

lenses can be correlated for some distance, The cross-—sections $1lus-

trate the lenticu]ar charact.er of ’ohe depos:u.ts and the principal ‘aquifers,

+ The aqu:.fers are sapdwiched between less permeable materials, of clays,

sandy clays, silts, and sandy silts, that permit a slow, steady migra-

-~ }f tdon of ground water from send lens to sand lens. No impervious sedi-

ments ‘that would act as absolute ground-water barriers are known to emst

—

within the Lindmore District. The geologic sections :'_L_llustrate the

structure as explained above and are s'epérately discussed below.
. /2, Plate 6. - Plate 6 is a north-south cross-section showing gen-
eral position of the sand lenses, areas of high and low specific yield,

: and areas vhere the Young Alluvium rests upon the 01d Alluvium, Here»_ji",he

;.

E decreasing specific yield from Tule River northward and from Kaweah River

____________________ H
¢ southward is clearly demonsr,ra-ueu—. - mbs-surfacc-breaks of the Young Al-

|

luvium arc barely noticeable, suggesting that the sediment forms only .

a thin layer over the 0ld Alluvium, The scction indicates that spocific

N

yield percentages will bo higher below the 1946 ground-water level than :

thosc which appear on Plate 3.

43. Drillers! and geologists! well logs do not indicate any com-

pleiely impervious barriers that would stop the flow of ground water,

The differcnece in elevation between water tables of 1921 and 1946 in- 4
dicates dravdown in the conc of water-~table depression in the planc of

this cross-scction in 26 years of irrigation water use. Distance from

the recharge arcas, low specific yicld, and a crop paticrn demanding

large supplics of water are the throe principal factors that have pfo-

duced the conc of watcr-table depression,

16



Lh, Lewis Creek occupies the topographic low of the interfan
area, The fans of the two rivers would be expected to overlap one an-=
other erratically at depth, because of past varying flood conditions,
sediment. 1qad, end the dlrect:.ons of flood-floWs during deposition.

Plste 7. - The north—sout.h geologicf‘eros_sf_tsectio;;' shows .the
drawdown in the deepest part of the cone of pumping de'pressien end
clearly demonstrates the value of this type of sec’g.ion for comparison of
%the permeable end relot:wely jmpermeable sediments, At depth the cone is
almost lecking in sands where clays, silts, sandy clays, and sandy silts
predominate. The compdratlvely 1ow storage capacity of the area com~.
bined with slow rec harge and heavy irrigation requxrement are again
clearly indicated as the three major factors that have combined to ac-
centuate the cone of water-table depression,

L6, Plate g, -~ This north-south cross—-section shows 2 buried ridge

[
t O3

-

the-basement complex which restricts groundu-water flow from Tule River.

| plate L4 shows that this pbasement ridge affects only that small DOTTESH

(1,920 acres) of the Lindmore District, esst of the Southern Pacific
railroad, This area is poorly situated for recharge except‘from Frazier
Creek, which has an average anmal run-off of 900' vacre-feet. South of
the buried ridge, presence of numerous beds of san nd and"gré.vel +o depths
of 100 feet in sections 26, 27, and 3L indicate former sctive deposition
by ’I‘ule‘.Biver. :

L7, Plate 9. - This cast-west cross-section §1lustrates the north-
ern part of the cone of water-table depression. As the area2 of deeper
ground water is approached from the west, the proportion of coarser sedi-
ments, end hence the ground storage capacity, steadily decreasesSs The
surface of the basement complex dips apﬂroxlmately 150 feet per nile at

this point, In contrast, the sediments dip 10 to 15 feet per mile,

17
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L8, Plate 10, - This east-west geologic cross-section transects
the southern part of t.he. cone, Send and gravel predominate t.owards the
west due to proximity of Porter Slough, Specific yields decrease stez.xdf

ily eostward to a low of 4 wercent near the basement complex outcrops,

> The sectlon suggests th.nt the i‘ormer Tule River dlstribut.arles respon=

sible’ i‘or the coarser sed:ments to t.he west at no time swung nort"xerly

against the foothills, The finer sedf.Lment‘s of the eastern portion of
the section are 'Of‘v; interfan character,

49, Plate 11, - This east-west cross-section passes through the
deepest part of the cone, The specific yiecld va.r‘ies'between L and 6
prercent in the area of t.he greates't.pa.nnping drawdown, Clays, silts, anc}
sendy cleys predominate,

SPECIFIC YIELD

50, Available determinastive methods, - In order to establish stor-

age capac:.ty of t.he underground reservo:l.r, it is necessary to determ:.ne

specific yield of the sediments., O, E. Meinzer’ (6) has outllned seven
methods of estimating this property. All seven methcds re uire exten~
sive field study and the use of specialized laboratory equipment, The
Bureau of Reclamation is not at present equipped or staffed to utilize
any oi_‘ these methods with sﬁfficient. acduracy to obtain worthwhile re-
sults, Therefore, it has been necessary to a;api& the results of inves-
tigatiox:xs in other areas to the local problem,

51, One such investigation was carried on.:'m the Mokelumne area,
115 miI.Les‘to the northwest, by Piper and others, (7)  Numerous tests

(6) 0, E. Meinzer, The Occurrence of Groundwater'in the United Stetes,.
with a Discussion of Princifles: U, S. Geol.,,. Survey Wuter Supply
Paper- 1,89, pp 67 - 76, 1923,

(7) Piper, A, M,; Gale, H. S.; Thomas, H, E,; Robinson, T, W.; Geology"
and Groundwater Hydrology of the Mokelumné Area, Californie: U, S,
Geol, Survey Water Supply Paper 780, 1939,
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were mede by measuring the volume of material saturated end unwatered
by the addition and. withdrawal of measured volumes of water from co;l.-»
umns of undisturbed soil and also by determining the difference between
porosity and speci_fic reténtion of samples oi_‘ undisturbed material ef-
ter drainage for pericds. as long as 390 days., The average specific

yield resulting from both of the above methods were 28 follows:

Material Peré?nt
Gravel and coarse sand BL:'B
Medium and fine sand 2ho2
Sandy silt N 7.5"
Fine sandy silt 5,8

Very fine sand, silt and clay L2
Clay, impermeable 2,9
52,. A second jnvestigation was carried on in the South Coastal

Basin by the California Division of Water Resources . (8), Methods used

were similer to those used‘in the Mokelumne arca, Since the results

obtained in two such w1de‘ly s.eparated“areas ars comparablq;"_-__.. it may be
assumed that specific yield is 2 function of the grain size and sort-
ing of the sediment, Therefore, it scems justifiablgl-t.o apply the
specific yield va1u§s obtained in the Mokelumne area to similar sedi-
ments f_arther south,

53, Methods used in this study, - Specific yield of the ground-

water reservoir was estimated by segregating into one of the six

classifications of materials mentioned, all of the sediments recorded

in each water well log, either between depths of water surfaces in the

@ Geology and Groundwater Storage Cepacity of Valley Fill: Stete
of California, Division of Water Resources, Bul, 45, 1934,
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fall of 1946 and in the fall of 1921, or, where that dnterval was too
small to be used, from the surface to a depth of 50 feet. The footage
of each type of material in a well was reduced to fect-per-hundroed and
multiplied by the respective specific yields assigned to the difforent
grades ot‘naterials. The sum of these weighted figures gibes en es-
timate of speclfic yleld fbr the portion of the holo unéer consideration.
S4. Specific yields figured from sediment percontages of indivi-
dual wells §aried considerably because of the erratic occcurrence of the
sediments and of inconsistence in the drillers' descriptions., In order
..Yo _obtain a synoptic specific yield map, all wells after plotting were
combined into natural iproximity) groups of two to ten and an average
specific yield of each group was detormined, This value was then used
at the cehter of the group in drawing specific yield contours, Average
specific yidld for any desired ares can be determined by planimetering

the contours,

are bésed on correlations of Bediment texture end specific yield made in
another area. While it seems justifisble to apply these correlations to
similer sediments hers, it cannot be said with certainty that the figures
are accurate, A further contribution to inacecuracy is the noture of the
drillers! lags of water wolls, in which depths are apprékimate and
terminology inaccurate, Accurate specific yield detorminations can be
based only on local exhaustive tests of sediments, Results obtained

by fge method used herein agroe well with results obtained by ground-
water inventory in the Lindmope Irrigation District, |

56, Discussion of ;ésgl&gs - Specific yield contours are shown on

Plate 3. Average specific yield for the Lindmorc District is 7.4

20

~—-55¢— It ds-cmphasized that specific yield figures -in—this report——— " ji!




./.\.\

percent, for the portion of the Lindsay cone outside the district 8.4

¥ield are concentrated in the Lindmore and Lindsay-Strathmore Irrigation

percent, and for the entire cone 8.1 percent, Areas of low specific

Districts, which unfortunately roughly coincide with an interfan area

expected,

“ Rivers,

..:Where fine, grained sediments; sandy-silt; silts, and clays, would be

Higher specific yields are found near the Kaweah and Tule

SOURCES OF GROUND WATER AND DIRECTIONS OF FLOW

. 5To Sources of ground water, —-.The principal. ground water sources

of the Lindmore cone, from north to south:

Stream

Kaweah River
Yokohl Creek
Lewls Creek
Frazier Creek
Tule River

Rivers are the principal intake areas for ground water in this district,

58, The Lindmore District is situated within the inter-fan area of

the Kaweah and Tule Rivers,

ground water from the 01d Alluvium of the southern portion of the Kaweah

River fan,

Avereage annual ‘run-off

he -1,
403,000
9,000
12,000
900
139,000

Its northern section is supplied with under-

Its southern section is similarly supplied from the (ld

Alluvium of the northern part of the Tule River fan, Plate 3 demon-

Strates a progressive decréase in specific yield percentage southward

from Kaweah River and northward from Tule River,

The resulting zone of

minimim values coincides, roughly, with the cone of water-table depres-

8ion, underlying the Lindsay-Strathmore and Lindmore Irrigation District

(Plate 4),
_———

Progressive lowering of specific yield southw;rd from the
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Kaweah and northward from the Tule is modified somewhat by.local sands-

‘and gravels deposited by Yokohl, Lewis, and Frazier Creeks,

1

59, The areas of influence of Kaweah and Tule Rivers and Lewis,
Yokohl, and Frazier Crecks can be seen by the direction of the water-
_table contours. Ground wat.ers of northern a.nd southern derlvatlon meet.
in sect:.ons 3h, 35 and 36 o: T.20 3, R 25 E,, and sections 13, 23; 27,
28, 32 g.nd 31 of T,20 S., R.26 E,

60, For approximately 7 miles downstream from McKay Point the chan-
nel and diversion ditches of Kaweah River contribute to f.he ground water |
of the Lindsay cone, by southward and eastward migration, This ground :
water from the Kawezh intermingles witlr the water that has Yokohl Creek

at its source, _
61, For approrimately 12 miles westerly from sec, 36, T.21 S.; Ro.27
E., the Tule River channel recharges the underground reservoir, Apperent-

1y equal amounts of water migrate to north and south, Influence of Tule

FY %, NP e e e P

River on the present water {able is shown by the siope of—the water 4888 —— b

north, northwest, and northeast from the river in Plate 4, In sediments
below present heavy pumping depth, scepage from the Tule may well be ef-

fective much farther to the north into the bell in which the Tule and ;

Kaweah fans intertongue,

o en

E 62, Lewis Creek probably contributes water to the underground
!
14

reservoir, although this is not suggested by Plate 4, Paucity of control

points may be sufficient exp_lz_ination for the apparent absence of a ground-
water ridge under Lewis Creek. A-little water is contributed to the un-
dergrour.ld supply by Frazier Creek,

63, The inner area enclosed by the ground-water divide west of the
cone has apparently been a closed basin for over 25 yeasrs, during which
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¥aweah and northward from the Tule is modified somewhat b}'_local sapds.

‘and gravels deposited by Yokohl, Lewis, and Frazier Creeks,

59. The areas of influence of Kaweazh and Tule Rivers and Lewis,
Yokohl, and Fraziei' Crecks can be seen by the direction of the water-
table contours. Ground waters of northern and southern derivation meet

in sectlons 3h, 35 and 36 oz T.20 S, R 25 B,, and sections 13; 23, 27,
28, 32 gnd 31 of T,20 S., R.26 E,

60, - For approximateiy 7 miles downstream from McKay Point the chan-
nel and diversion ditches of Kaweah River contribute to 1.:;he ground water
of thé Lindsay cone, by southward and eastward migration, This ground
water from the Kawezh intermingles w:.th the water that has Yokohl Creek
at its source, ) _

61, For approrimately 12 miles westerly from sec, 36, T.2L S, R.27
E,, the Tule River channel recharges the 1.1.ndergrm,md“::'esezr'voi:rs Apperent-

1y equel amounts of water migrate to north and south, Influence of Tule

Ll cced mea bahTa

" River on the present water table is shown by tiTe sIope of The Wavsr s&vas—

north, northwest, and northeast from the river in Plate 4, In sediments
below present heavy pumping depth, seepage from the Tule may well be ef-
fective much farther to'the north into the belt in which the Tule and
Kaweah ?ans intertongue,

'{ 62, Lewis Creek probably contributes water to the underground

%

reservoir, although this is not suggested by Plate 4, Paucity of control

points may be sufficient explz.ination for the apparent absence of a ground-
water ridge under Lewis Creek,, A.little water is contributed to the un-
dergrour.md supply by Frazier Creek,

63, The inner areé enclosed by the ground-water divide west of the
cone has apparently been a closed basin for over 25 yeers, during which
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there has been no disposal of entering water except by irrigation and
evaporation. All salts carried by waters migrating into this closed
basin are still thers, The cone of water-table depression- should be
built up to reinstitute normal westward migration so as to keep salt
cqncentration low',

64o ’Ihe Gone is not likely to spread further north or south but

- 18 currently extendlng itself to the southwest as shown by a "tear-drop"

' outline on that side, Low specific yield and distance from recharge

determine the shdpe of growth of thec conas
65; i’late 5 shows.the- relat:.on of. ii'rlgation -denand-and: specific

yield to grouhd-water elevation, The most striking feature of this map

is the location of the bottom of the ground-water cone. Tables 1A and
1B of the preliminary ground-water report 59) indicate that Kaweeh River
contributes about 44,320 acre-feet annually to the total water supply of
the cone, while Tule River contributes 34,980 acre-feet, However, the

Kaveah supnliea wataer fﬁ‘;%r.—a:sa—s"—%ég—s‘eﬁiaﬁs'—ﬁ%}r‘awrage irriggs

N

tion requirément of 1.9 acre-feot per acre per year, while the Tule sup-
Plies an area of 68 seetions with average :roqulrement of 2.02 acre-foet.
Thus the Kawenh supplies less than one and one-half times as much water

as the Tule to meet epproximately twice the demand. It would appeer,
therefore, that the bottom of the cone of depression should be con-
siderably further north tha.t; it i1s. The only apparent explanation for tha
present location of the bottom is the fact that the specific yvield in the
Kaweoh unit is higher than that near the base of the cone, Therefore , more
water can be withdrawn from storage without much deepening of the water

(9) Preliminary Report, Lindmore Irrigation District Vater Supply,
Visalia, Calif., June 13, 1947
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table, The surface supply prov:ded by the two rivers to the.ar rea is

——

about equal and therefore does not have much effect on the problem, A
66, The general shape of this cone for the next two to three Years
can be predicted from o study of Plate 5, The areas of northern and
southern influence oi‘ t.he cone have comparable pump:mg dan:.nds, falrly
* high: specific y:Lelda and good sources of recharge from the Kaweah and
Tule R:u_rers, respectively, The area of southwestern influence of the
cone has a low pumping demand but 2 generally low speclflc yield a.nd is

( poorly situated for rechc.rge. It is apparent that the cone is now en-

' larg.mg in this d;rec__t;on._ If the Present ‘pumping ‘demand within the'
area of influence continues for the next two to three years, the cone
will inevitably continue to steepen and extend toward the southwest,

The northern, northwestern, and southern margins will probably remain

in the:.r present positions for some time,

67, ‘Perched water tahles angd confined water zones, -~ In some lo-

o _%r_t_) cal areas perched wates.+ &bles-are present, but “downward percolation
'1is not absolutely prevented,:: The specific yﬂeld of the sediments di-
_ ( rectly affects fluctuations of the water table,. It is within the cone
of water~table depress:mn, where specific Yyield is the lowest and ir-
rigation requlrement the greatest, (Plate 5), that temporarily perched
water tables occur, Low storage capacity of the sedlments and hlgho
pumping demand combine to lower the water level in and near wells, Ad-
Jacent saturateq sediments are thep unwatered, both by cascading down
wells and by slow bercolation through relatively tight sediments, This
drainage may take some time, but actual water contact between the perched

Zone and free water table is never lost,
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68, Water table determination within the cone of depression is un~

satisfactory, The "high" measurement in February or March .is.made_vp:g- _

fore downward 8easonal percolation has fully drained the surficial layers,

Measurements made during the seasonal low are not accurate becausq of the

cone of depression developed around each well, Thusthg_'[r§plen1§ ment

_J:ix_si_lcated_ by t!h_éiil@aﬁlﬁs_.'b:_etkeen_seasonal "'high's" and "lows" is in

part caused by drainage from the area outside of the cone of depression

.into those areas after s_e_aggr@_l__p_umgingilgs_ 2o gé_sg(_i,_

69. Even when the above errors are considered, the annus} replen-

ishment to the cone seems to be proportional to the total fig ‘of the
¥ Kaweah and Tyle Rivers of the Same year, This indicates g migration of
; water 1_‘rom the rivers to the bottom of the cone .within a period of four
E months, Such a raopid migration cennot be enti?ely explaiped by simple
; movement migration down the ground-water slope, The usual echlanaticn
|

“for such a phenomenon would be transfer by artesian pressure, This re-

70, It appears, therefore, that water transfer takes Place by a

combination.of migration down the ground-water slope ang by the action of

; o abat , : .
slight pressure effects through "semi. confined stratan, By semi-confined

is meant a system of permeabile lenses and "shoestrings" with interrupted

- - - ——a w—‘-"‘"*—mﬁ'
and devious continuity, in a Poorly permeable to permeable mass of sedi-
\____,____,_..___...,.._—_.__\____ _________________ . = _—_*ﬁ“‘\\
ments,

7l. Typical well characteristics as shown on hydrographs in the
district depend upon th’? nature of the sediments and the degree and cop-
tinuity of over-pumping, Both total movement of the water table and its
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rate of rise and fall are greatest near the bottom of the cone, and least

near ths streams, {10) Thus, the water level drops.quickly when 2 large
water demgnd is made upon sediments of low specific yield. As an example,
the hydrographs of well 20-26-128 (11) shoy that a large pumping demand
in the latter part of April 1946 caused a sharp drop in water level
lasting until the 1atter part of May, Probably as great s demund ‘con-
tlnued until the middle of September, but the rate of fall of water level
diminished sharply after the first month, The initial drop was ccused
by the drawing down of the water level in the conduit and slow inflow in
an area of low specific yield, After the first sharp drop, the adjncent
poorlj p mmcable sediments began to. drain, holding the dropping water
level at a fairly smooth gradient for four months, Cessation of pumping
in Scptember and October resulted in a sharp upward gradient since all
water draining from the sediments contributed dircetly to the rise in

water level, There are possibly ‘some confined zones within the Lindmore

Irrlgatlon Dlstrlct but there are no wclls ef sufficient depth to prove &éﬁmmw,

IFI\_

the ex1stence of a large confined zone of ground water,

ARTIFICIAL REPLENISHEEN“ = ABSORPTIVE AREAS

72. Any attempt at Spreading water for gtorage underground by the

use of basins, furrows or ditches, or by flooding, should be limited to

areas of loose, porous, open-textured soils. Such soils occur in the

——

Landmore Irrigation District only on the recent alluvial fans of Lewis

Creek, Fra21er Creek, and the Tule Kiver, Outside the district, the Ka-

weah fan offers 51m11ar p0551b111t1es. Spreading by the Lindmore District

on either the Tule or Kaweah fans is not feasible because of the large

amount of water that would be lost to the district,

(10) Preliminary Report, lindmore Irrigation District Water Supply,
Visalia, Callfornlh, June 13, 1947, p 15,

(11) Idem. Typical Well Hydrogrephs, following p 15,
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73, Tule River fan, ~ Water spread on the Tule River fan in. gec-

tions 28, 32, 33, 34, 35, T.20 S., R.26 E,, and sections 1,2 3, 7,21
Sis R.26 E, (Plate 2), would eventually migrate into the deeper part of
the cone of water-table depression, . HoWever, migration would be slow
through the tight 'sédiment's_;-w};j.c};__._Acha.;__-ac’;géz_-'l:l;z“e_the cone, - Ferethe
ﬁfihCiiaél_diéédvénéégés of art1ficia1 recharge are the smal] area avail-
able for Spreading, the distance from the main cone, and the gy per-
) meabi?.ity of the seéiments through which the water would have to mi-

grate, The disadvanteges of using this area for Spreading water for

PN

storage underground ‘fap outweigh the':é"dv'a'.htages, and its use for that
burpose is not recommended,

74y Fraziep Creek fan, - Most of the alluvizal fan of Frazier Greek

lies east of and above ‘the Friant-Kern canel loceticn (Plate 2). 'The

portion of the fan that lieg below the canal is small and apparently

covers the 01d Aliuvium with a thin layer of Porous soils, The surface N

__,,.._,_.soil---ef—---ﬁhe*af-ea-‘is“favorable, but the geologi.cal structure, surface
drainsge, location, and size of the area make it unsuitable Tor water

( Spreading,

75, Lewis Creek fans, - The recent alluviel fan of ‘Lewis Creek
(Plate 2) is the largest in the Lindmorf-:- District, and most of it lies
below the line of the Friant-Kern canal, The most recent part, approxi-
mately 2% square miles ip extent, surrounds the town of Lindsay, and ig
{ centered over the deepest, part of.the Cone, C(Citrus frujt Yields here
L are among the highest in the &rea, The location, cost of land, topo-

gravhy, and small area covered nreclude any Possibility of aﬁy large
scale Sbreading operstion by the basin, furrow or ditch, or flooding
methods,
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76. It is possible that most of the Young Allﬁvium in this area ig
underlgin by the hardpan of the Exeter, Medera, and San Joaquin soil
series..olf 80, free downward movement of percolating water must be Tre-
stricted, and the upper surface soils, which are in the root zone of
citrus groves, would, if water were locally spread,. tend to become pare
ﬁiafiﬁéééfaratedf vThus,~no'1arééla&ditioﬁpf:w;tef foufhéﬂﬁnééfgfoﬁ;d“
reservoir should be attempted, except in areas where the hardpan is not
Present or is suf;iciently cracked to allow the dovnward movement of
percola?ing water,

77, Other ereas for spreading water, = All cther-aress within the

Lindmo?e District are underlain by San Joaquin, Madera, and Exetep soil
series, The impervious nature of their charzeteristic hardpan layer
necessi?ates a careful study before any large scale water Spreading is
started, Denger of permenent demege to citrus groves and other crops

caused by a seturated surface condition is always present where this

__hardpan layer is found. waton spreading by the b&sin, Turrow or ditch,

or flooding methods cannot be practiced, unless a ;afeful éxperimental,
drilling Program shows that the hardpan layer does not exist or is found
to be discontinuous and sufficiently cracked to allow free movement of
water b?tween the ground surface and the underground wster reserveir,

78, Other methods of spreading water for storage underground, -

Pits and shafts are net widely used for Spreading water, but in the Lind-

more District no other'large‘scale method is possible without an exten-

sive exploratory drilling program, as noted in the breceding baragraph,
79. A high percolation rete could Possibly be obtained in pits or

wells in the O1d Alluvium, but because of the limited surface areas

wetted, relatively little water could be Spread by this metheod, Although
' ’ 28




initial cost and upkeep are high in recharge pits and shafts, possible
Crop camege due to saturated surface conditlons would be avoided, If
suitable ereas for othep methods cannot be found, the 'ut Sh ft or well
method should be cons:.dered as a nossa.bllity for recharge of underground

storage in the L:Lndmore Irrlgation DlSuI'J.Ct t was epphed successfully‘;

T

“in- t.he Lindsay—Strathmore Irrlgation Dlstr:.ct when‘ water was introduced
through existing water wells in the spring of 1926, Another Possibility
for dispcsal of second class water is the methed cof spreading under-
ground by over-irrlgatlon, Areas where the herdpan is sufficiently per-
vious to .81low deep percolation would be suiteble: for locel” ‘Spreading by

this method,
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