
STATE OF CALIFORNIA

DEPARTMENT OF PUBLIC WORKS

DIVISION OF ENGINEERING AND IRRIGATION

BULLETIN No. 3

ater Resources of Tulare County
and Their Utilization

1922



/







STATE O F CALIFORNIA

DEPARTMENT O F PUBLIC WORKS

SA CRA MENTO

Di vision of En gineering
and Ir rig at ion

. Au gust 29, 1922.
A. B. F LETCHER, Director,
Department of Public Wor ks,

B UIlJDING.
Su bject : Wa ter Ilesources of Tulare Counts] ,

DEAR SIH : Early in the year 1920 I was approached by a committee
from Tulare County which committee was very eager to have assistance
in determ ining something mor e definite concerning the water su pply
of t he county than then existe d. vVe were, at that time, engaged in
th e examina t ion of the problems of K ern River which examination has
been complete d and a report of which is contained in our Bulletin No.
9. Th e Tulare County committee had knowledge of our work in K ern
County and expr essed a desire for such service in their county, offer ing
to aid in meeting the necessary expenses.

'I'he State Department of Engineering; was in great need of such a
study in relati on to th e water supply of the Lindsay-Strathmore and
'I'erra Bella Irrigation Districts . Ar rau gcmeuts wer e mad e f or the
work, Tu lare County to su pply $7,500. toward th e expense, the County
'Vater Users Association $2,500 and the state th e remainder . Th e total
cost has been about $22,000.

It would have been impossible fo r us to have secured the information
no w assembled within th e period such work has been done and within
th e finan cial means of the Department of Engineer ing .

'I'ho value of the work will depend largely upon a gene rous circulation
among Tu la re County people.

Our di vision should have it in more perm an ent form.
I herewith submit text of sa llie ready for printer .

Yours very truly,
W. F . l\fcCr,uRE,

ClIie], D iv ision of Engin eer ing
and Irrigation

Approved for publication, August 30, 1922.
A. B. FLETCH ER , D irector of Public 11'orks.





TABLE OF CONTENTS

Page
INTRODUCTION fJ

SUMMARY AND CON CL U S IO N S 10

MAIN REPORT 14

CHAPTER I.
GENERAL FEATURES 14

Clima te - - '----- ______ 14
Soils '-______ ___ _____ _______ _____ _____ ___ ______ __ 14
Crops 15

CHAPTER II.
W A'l'ER SUPPLY ~_ _ _ _ __ _ _ __ _ _ __ ___ 16

Kaweah River .:. _____ ________________ ____ ____ ________ 17
Accuracy of K aw eah R iver R ecord s ~ 7-- - - - - - - - --- - - - - - - -- IfJ
Kaweah River Hecords IfJlfJ and 1920 .:. _______ ___ __________ 20
Cha nnel Lo sse s in K aweah River .. 23

'rule River .. 23
Main 'I'ule River .______ 24
South Fork of 'I'ule R iver .______ 25
Summa ry for entire Tu le River Drainage Area__________ _____ ________ __ 26

R un-off of Smaller D r ainage B asins in 'l'ulare County 26Deer Creek 27
White Cr eek , _______________ 30
Run-off of :'IHnor D rainage Areas in Tulare Co unty 31

Total Water Supply fr om Drainage Area Discharging into 'I'ulare Coun ty ___ 34
Su rface Outflow from 'Talley .,A..reas_ ______ _________ _____ ____ ____ ____ ____ B5

Outflow fr om Kaweah D eltu- ____ _____________ ______ _______________ __ 35
Outflow from the Tule River ___ _________ _____ ____ _____ _____________ _ ;).f)

PART II. UTILIZA'l'ION OF TI-IE RUN-OFF OF KAWEAH RIVER.

CHAPTER III.

PRESEN'l' U'l' ILI ZA'I'ION OF THE R UN-OFF OF K AWEAH RIVER____ 43
Cana l D iversions from ' Kaweah R iver____ _______ __ ____ ____ ____ _____ ____ _ 43

Maximum Rate of Diversion by Canals from Kaweah RiveL_____ ___ ____ 49
Areas Irrigated by Kaweah River D it ches .:___ 50
Duty of Water under Di tc hes _______ _____ ___ ___ ____ ___ ___ _____ _____ ____ 53
Total Irrigated Areas Dependent on Kaweah R iver for their Water Supply__ G4

Sub-irrigated Areas 56
Rate of Incr ease in Area Irrigated by Kaweah River Run-off'; __:-______ __ 57

CIIAPTER IV.

USE OF GROUND WATER IN AREA DEPENDEN'l' ON KAWEAH
RIVIDR RUN-OFF ~_____ 59

Introduction 59
Elements of Inflow or Recharge of Ground \VateL ___ ____ _____ ___ _______ _ 60
Estimated Draft on Ground \VateL_ _____ ___ _______ ___ __________ ______ __ 60
Possible Sources of Loss from Kaweah Delta Ground W ater Storage________ 63
Ground Water Conditions a long Kings Ri ver R idge _______ _______ ________ 65
Gro und Water Fluctuations on Kaweah Delta DUling W inter Months - 65
Formation of Kaweah Delta________ _________ ___ ____ _____ ___ ___________ 68
Ground Water F luc tuat ions 69

Ground \Vater F luctua ti ous 11117 to 192L___________ _______ __________ _ 70
Ground Water Cha nge Since 1905________________ _______________ _____ 72

Variations iu Conditions of Water Supply a nd Use in Differ ent Parts ofKaweah Delta 72
Main Area Coveredbv Ca na ls ___ ___________ __________ __________________ 74
Lower and W estern P art of Kaweah D eltu-______ ______ ___ ________ ______ 81
Upper Cana l Areas 82
Ar ea of Kaweah D elta West of Lindsay-Strathmore Irrigation District.Lc, , 84



4 DEPARTMEN'r OF' P UBLIC WORK S ,

Areas Adjacent to K a wea h Del ta __________________ ___________ ______ ___ _ ~ii

Area s Alon g the F oothi lls North of Ka wea h R iver Areas __________ ______ ~5
Cotton wood Creek Area ____________________ ___ _____________________ SG
Lew is Cre ek Area ____________________ _______ ____________ _____ S7
La kes ide Ditch A rea ________________________ ________________________ 88
Co rcora n I r ri ga t ion Di s trict -- - - - - - - - - - - - - - - - - - - - - - - - - - ____________ 81l

OHAPTER V ,
KAWI~AH IUVER STOfL\G I'J SITE S _____ _______ ________ _______________ DO

A vailuhle Storage Sites flO
E conomica l Si ze of Stora ge D3

Seasonal Use D-I
I Jse of Storage D7
E\'aporation Lo sses ~___ ______ __ _ _ 100

SummUJ'Y of Use Ohtaina hle fr om Storage_______________________________ 101
Power Developm ent a t Dam_ _______ ________________ ___________________ 102
Storage of Su rplus ' Va ter s ______ ______ __________________________ ______ 10-1

Storage of ' Yin ter F fow Only 107
Stora ge of F lood F 'low On ly 107

CHAPTER VI.

POSSIBLE OH AX GES I X USE' OJ.' IW N-OFI<' OI<' K AWI'JAII IUVl'HL_ __ 10D

PAWl'III. U'rI L l 7,A'I'lOX OI<' W A'l'IDR SUPPLY 01,' SOU'l' IlEnX
P AWl' OIf 'L'ULAHE COUNTY.

CHAPTER VII,

A lmA DEPEXDEX'l' ON T ULE m \ 'IDR I"O R ITS W ATIDR SUPl'LY____ 117
Gen era l Fot-mat ions Affecting G ro un d 'VateL_________ ___________________ 117
IDxt en t of T ule R iver A rea _______ _______ ________________ __________ 118
A rea s Irrigated 11D
Use by Ca na ls 120
U se of Ground \ Vn teL ________________________________________________ 12:>

Areas " ' it hin " ' hich Some Lands R eceiv e Ca na l I rriga t ion .. 130
Lands E as t of "'est Line of R ange 27 EasL ___________________ __ 180
L ands in R a nge 26 EasL .______ 130
Lands Along L ower ' I'u le Hiver ___________ _____ ______ __________ _ 130

T ule R iver A reas Outside of Areas Ser ved by Ca nals _____________ ________ 131
A rea on North of T uie Del tn- __ _____________________ _________________ 131
La nds East on " ' est L in e of Ran ge 25 E asL .. 13-1
Lands Wlest of " ' est Line of It nnae 2;; EasL_ ______________ _____ ______ 1<:4
La nds South of Tule R iver Ca na l Area- _______________ _______ ________ 13';

Summary 13(;

C IIAPTEIl VI I 1.
STOHAGE S ITES OX 'l' ULJoJ H I VlW ,,_________ 1:>7

Pl easa n t Va lley R eserv oir ::Si t e on :'I lain T ule R i\'eL _____________________ 138
Storag e on So ut h F ork of "I'u le lt iveL __________________________________ 143
Comhination of Pleasan t Valley a nd South F'ork Storage__ ________ ________ 145

OIIAPTEIl I X,
o-nucu A R E AS I N SOU'l' IlI.mN 'l'ULARE CO UNT L ___________________ 147

D eer Cree k Area .__________ 147
·W hi te Creek A rea :.___ ______ ________________ ___________________ ______ 152
Area in Sou thwest ern T u la re Cou nty Whos« Gr ound 'Va ter is Consid ere d to

Come f rom Mi ngled Sou rees - _______________________________________ 154
Northern K ern County . .:. _ 155



INDEX OF FIGURES.

Figure P age

1 Compa r ison of Di sch a rge of K a weah River a t Three Rivers a nd a t ~lcKay
P oint B ased on Automat ic He~isters t: , __ _ _ _ _ 20

2 Relation of P recipita t ion and E levnt lon for Tu la re Coun ty Streams__ ___ 27

3 It elation of Precip ita ti on and Hun-off for -T ula re Coun ty Drainage Ar eas__ 28

4 Total Annual Hun-off Cu rves for Sm all u n measured D ra iu age Areas in
T u la re Co unty -- _____________ _____ 2()

1) R ela t ion of F luctuation s of G rou nd " \ l ter in Kaweah Del t a to Hun-off
D nring the Winter Months :-_________ ______ G7

G Hvdrocruphs of 'I' ypi cal ' Veils Extending Along th e Co urse of OutsideCree k 7G

7 Hydrogruphs of Ty pical W ell s on Lin es Radiati ng Across Kaweah D elta
Al ong D eep a nd P a ckwood C reeks ___ ___ ______ _____ ___ ___ ___ ______ 78

8 H yd rographs of Typical ' Veils in Xortheru P art of K a weah D elt a a nd in
Ad jacent Area s to the Xor th and "~esL__ _____ _ _ _ _ _ _ _ _ _ _ _ ____ _ _ _ _ _ 80

!l Hvdrographs of Typi ca l ' Veil s in Upper Kawea h R iver A reas__________ 83

10 Area a nd Capacitv Cu rv es for ' Ya rd R eservoir Site on Kaweah HheL___ !l1

11 Curves Showi ng Rela ti on of E st im a ted Cos ts t o Ca pacity for 'Vard R eser-
voir S ite on Kaweah River., ,_ ______ 94

12 Rela ti on of Storage used to Co nst ruc ted Ca pucitv f rom Re servoirs on
K a wea h Ri ver Supporting an Irriga tion Dra ft of 3 7;:;,000 acr e-feet____ D8

13 Hydrographs of Typica l " ' ell s in Tu le River Area _

13A Hydrogrnphs of Typical 'Veil s in Area W est of Lindsay - S t ra t hm ore
I r r iga t ion D istrict a nd D ep end en t on Tule River for it s Groun d
'Va ter Supply _

14 Profiles of D am Sites at P lea san t Va lley R eservoir Site on T u le River _

128

133

138

15 A rea and Ca paci ty Cu r ves for P leasant Va lley R escrv oh- Site on Main. Tule lOver 13!l

1(; E stirnnt cd Cos ts 'of Storage at Pl easant Va lley Reservoir S ite on 1'ule
Iliver ~_ _ _ _ _ _ _ _ _ __ ______ _ _ _ _ _ _ _ _ __ _ ____ _ _ _ _ _ __ __ __ _ 141

17 Capacit y CUlTe fo r R eservoir Si te on South F ork of Tule R iver________ 144

18 H ydrogra phs of 'I'ypica l ' Veil s in Southern P art of Tulare County_ ______ .1.50



INDEX OF PLATES.

P LATE I. F ig. A-Divi sion " ' eir at McKay Poiut ., .•__.: _

F ig. B- Ga gin g S ta tion on Cross Creek a t H anford R oad
I~ridge _

Page

21

22

F ig. A-General View of D rainage Area of Yoko hl Creek______ 31

Fig. B- Con crete F lume of L indsay - Strathmore I rriga t ion
District 31

Fig. A-D ivers ion " ' ei r of Tu lare Irriga ti on D istricL _______ 44

F ig. B-Gaging Station on J en nings D it ch__________________ ·14

Fig. A- 'Yaste Gate on Lak eside Canal near the D iversion fr omCross Cree k G3

F' ig , B .-Pasture I rriga t ion U nde r th e Lakeside D itch ________ G3

F ig. A- Cross Furrow Irriga tion of- Orch ard near Visnlia.Lc.; Gl

F ig. B-Pumping Plan t and Concrete Pipe Dist r ibut ion Syst em
fo r Orchard near E xetec_____________ ______ _____ G2

Fig. A- General Vi ew of North End of D am Site at ' Yard
R eserv oir Site on K awea h RiveL ______ ___ 92

F ig. B- Detail ' View of Cha ra cter of R ock on Xor th End of
D am Si te at ' Ya rd R eservoi r Site on K aweah R ivsr., 93

P LATE VII. F ig. A- Gen eral View of ' Yard R eser voir Sit e on K aw eahRiver __~_______ __ _ ___________________ _ ____ __ __ 95

PLATE II .

P LATE III.

.P LATE IV.

PLATf; V.

P LATE VI.

I<' ig. B-SOll th End of Dam S it e a t W nrd R eservo ir Si te on
K aw ea h R iver., .. !J5

P LATE

PLAT~; VIII. F ig. A-'Yeir a t H ead of P or ter Slough on 'r u le RiveL _____ ] 24

F ig. B-Dh-ersi on D am of Stockton Di tch on 'I'ule R iver_____ ] t4

IX. Fig. A- Genera l Vi ew of Pl easan t Vall ey R eservoir Site on
'rule Ri ver -'_________ _ 140

Fig. B-Looking Across ~Iain D am Site from Sou th End at
P leasant Valley R eservoir Site on T'u le Ri ver, -, 140

IND EX OF MAPS.

Map No.

1 Area Irriga ted in 1!l21 in P or tions of San .Ioaquin Vall ey in and
Adjacent to Tula re County In P ocket

2 Ground 'Yater Contou rs of San Joaq ui n Vall ey in 'I'u lare County an dAdj acent Areas I n P ocke t

3 Cha nge in Ground ' Va ter E leva t ions f rom November 1. 1!l20. tn
November 1, 1!l21 In Pocket

4 Aver age D epths of Ground W ater-c-Novcmher .l , 192L In P ocket
[) ' Y<lil'll Heserv oi r Site on K aweah Ri ver below Three R ivers I n P ocket
G P leasan t Vall ey Jt eserv oi r Site on Tule R iver.. In P ocket
7 R eservoir Site on South Fork of T ule R iver a t H ead of South 'l 'u le

Independ ent Ditch I n P ocket



INTRODUCTION.
Th e fo llowing report is based on field inv esti gations and study of

data r ela ting to the water resources of the portions of Tulare County
dependent on th e Kaweah and Tule ri vers and on smaller st reams in th e
southern por ti on of the county. The portions of the county depend ent
on K ings River fo r its water supply wer e not included. Some areas in
eastern Kings County have been included as they are a par t of the areas
affccted by Tular e County streams.

Th e work on which th e report is based was undertaken by th e State
Depa rtment of E ng ineeri ng in May, 1920, and has been cont inued since
the r eorganization of tho state's engineer ing work in J uly, 1921, by the
Di vision of E ng in eering and Irr igation of the Department of P ublic
W orks. Th e work was undertaken at the r equest of those interested
in . the developm ent of th e water resources of the 'county, expressed
through the organ ization of th e Tular e County Water Users Associa­
tion. Th e costs of th e work have been pa id by the state, 'I'ulare County,
and th e Tulare County Water Users Association. 'I'he total cost has
been about $22,000 of whi ch Tu lare County has supplied $7,500, the
W ater Users Association $2,500, and the state $12,000. 'I'ho work has
been materia lly assisted by th e cooperat ion of all pa rties having data
r elating to the water supply and its usc. W ithout such cooperat ion it
would n ot have been possible to have secured the extent of data on
whi ch this repor t is based with in the ti me given to the field work and
th e indebt edness to such assistance is gratefully acknowledged. Sp ecial
acknowledgment should be mad e to th e Tulare County Water Users
Association and its officers, and to all parti es concerned in the pending
li tigati on on Kaweah Riv er , to t he South ern Californ ia Edison Com­
pany and to th e land owners who have furn ished data in connection with
the gro und water studies.

Th e gen era l planning of the work and its superv ision has been under
the directi on of :JIr . S. '1' . H ardin g. 1'11'. Chester Marliave has car r ied
out th e field work on the Tule Riv~r and southern portion of the county
and Mr. G. H . Russell has handled th e investigations r elating to th e
Kaweah River areas. Th e report has been written by Mr. Harding
assist ed by both field eng ineers .

The f ull util izati on of the water resources of Tulare County requires
a coord in ation of the use by direct diversion and by pumping of gro und
water. Th e ext en t to which presen t usc of th e available water su pp ly
has been extend ed is gr eater than is realized b..." many as the r ecent
development has procecded largely by mea ns of individual pumping
plants. Th e in crease in such plants does not come to public attention
to th e same extent as th e cons truction of cana l systems. No develop­
ment of the wat er resources of the county can be complete which does
not fully utilize the ava ilab le ground water supp lies but it must be
remembered that a ground water supply like those flowin g in streams
has limits to its volume and developm ent can not exceed . such limits
without dep letion of the supply. A large part of the field work in
th ese investi gati ons has been di rected toward a study of gr ound water
conditions and use as th ere had been less data collected on these subjects
than on the extent an d usc of surface str eams.
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Th e method of presentation consists of a discussion of the more
general fac tors r ela t ing to irrigat ion including th e records of run-off of
t he tr ibutary st re ams followed by a deta il di cussion of the conditions
in each of the portions of the arca covered fo r whi ch physical condit ions
makes the water supply re lat ively separa te and distinct. For con­
vonieneo in followin g th e purpose and the r elati on of th e differe nt
factors in thc detail r eport a brief summary of th e conclusions is pre­
sented at this point. 'I'he di visions of th e area used are shown on Map
2 and the areas irr igated in 1921 on Map 1.

SUMMARY AND CONCLUSIONS.
Water Su ppl y.

1. The only sources of water su pply available to this area are the
discharges of the strea ms ente ri ng th e area as surface flow except in the
southweste rn part of the county wher e th e gro und wat er is der ived
fr om mingled sources.

2. The ;ecor ds ava ilable on Kaweah River indicat e tha t th e total long
time mean annual discharge is 451,000 acre-feet . Measurements made
in th ese investigati ons show no appreciable seepa ge from th e r iver
above McK av P oin t .

3. 'I'he re~ords ava ilable on 'I'ule River in dicate a total long t ime
mean annua l discharge of 106,000 acre-feet f rom the ma in 'I' ule River,
29.000 acre-feet f rom the South F ork and 2000 acre-feet from areas
below th e gaging station 0 1' a tota l of 137,000 acre-feet for th e ent ire '
drainage area.

4. An analysis of the ava ilable dat a on th e smaller drainage areas
gives an est ima ted mean annua l discharge of Deer Cr eek of 19,000
acre-feet ; of 'White Cree k of 6300 acre-feet and for other miscellan eous
areas of 20,500 acre-feet. F or all areas in cluding- K aweah and 'rule
rivers th e total mean ann ua l t un-off is est imate d to he 633,700 acre-feet.

5. 'I'he mean . annual outflow or surfac e discharge f r om K aweah
delt a is est imated as 55,000 acr e-feet , Thi s rep resents the water leav­
ing the Kaweah delt a'. Of the total estimate d outflow in the last
eightee n years, 80 pel' cen t occur red in th e three years of largest
r un- off. '

6. Si mila r est imates of the outflow of 'rule Ri ver indicate a mean
annual d ischarge of 17,000 acr e-feet , ap preciable outflow having
occurred in only eleven years of t he last thirty-two years. No outfl ow
from oth er drainage areas occurs.

PART II. UTILIZATION OF THE RUN-OFF O F KAWE AH RIVER.

7. Ava ilable r ecor ds of the diversions bv Kaweah Riv er ditches are
given with a discussion of th e indicat ed lo ~s from ri ver channels .

8. 'I' he area s served by dit ches div erting fro m Kaweah River is
est imated as 101,828 acres of which about one-four th also receives
supplemen ta l water by pump in g.

9. Th e gene ral average diversion for Kaweah River ditches is
esti mated as about 2.9 acre-feet per acre.

10. The tot al ir r igat ed area dependent on Kaweah River for its
water supp ly eit her by canal diversion or pumping is est imate d to be
175,000 acres . This is equivalent to one acre for each 2.3 acre-feet of
mean an nua l ava ilab le water sup ply.
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11. There were about 8500 acres of additional land subir riga ted from
Kaweah River in 192'0.

12. Th e esti mated tot al net pumping d raft in 1920 on the Kaweah
Ri ver area is est ima ted to have been 162,000 acr e-f eet.

13. An inve st igation of sources of possible loss of ground water from
the Kaweah area by outward movement in to other areas result s in th e
conclusion tha t such losses do not occur.

14. 'I'ho ground water fluctuations for each year since 1917 are
analyze d. Th e lower ing for t he whole area in 1920 an d 1921 indicates
an amount of loss of ground water storage about equal to th e deficiency
in the availab le run-off for th ese t wo years. On this basis present
developmen t is consuming t he mean net annual available water supply .

15. A gr oss area of 1:35,000 acres within which the main canal service
occurs maintained its gr ound wate r elevat ion in 1921. About one-ha lf
of the t ota l irri gated area is within this ar ea. In th e other portions
of the area there was a lower ing of the ground water , t he amount vary­
ing with the extent of the pumping draft and th e distance to direct
sources of r epl eni shm ent. 'I'h n ground water condit ions for the differ­
ont parts of the area ar e discussed in detail.

16. Available sto ra ge sites are considered. The only site having
sufficient capa city to regulate th e Kaweah River is th e Ward site.
Costs f or di fferen t capac it ies are given wit h the conclusion that for full
r egulation of the run-off a regulated sup ply of 375,000 acre -feet per
year supported by 150,000 acre-feet of sto rage capacity is as la rg e as
is feasible under existing condi t ions of r un-off an d storage costs. Such
st ora ge would represent a chan ge in metho d of us e rather tha n t he
addi tio n of an y material am ounts of new water su pply. As the est i­
mated cost of storage alone is $7,500,000 such const r uction is not
recommended.

17. It is estimate d th at power development at th e dam for 150,000
acre-feet of stora ge might be able to p roduce a sufficient earning in
excess of direct costs to car ry ab out $1,000,000 of th e cost of th e dam.

18. Th e stor age of winte r flow and summer su rp lus waters woul d
per mit the securing of a fairly dependable annual suppl." of 50,000
acre-feet with 50,000 acre-feet of storage capacity at an est ima ted cost
for st orage of $:3,500,000.

19. 'I'ho sto rage of winter flow only would permi t obtain ing a fai rl y
depend able an nu al sup ply of 45,000 acre-feet with 50,000 acre-feet of
storage capacity.

20. Th e sto rage of excess summer flood flow only would requ ire an
extent and cost of stor age in excess of present sta nd ards of feasible cost.

21. 'l'he possible means of improvin g present condit ions of usc on the
Kaweah area are discussed with the fo llowing suggestions as to the
changes most li kely to be fea sib le:

1. Comp lete a det erminati on of exist ing rights on a basis which
protects exist ing diver sions in th eir essential needs bu t in whi ch the
standa rds of practi ce req uired arc commensurate with p resent
econom ic condit ions of v~lue of land and water. Su ch a detennina­
t ion should include a definit ion of the r ates of diversion to which each
right is enti tle d and a limitation of the season in which such ri ghts
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may be exerc ised . It may be secured through existing legal means
or probably much more quickly and effecti vely by volun tary adjust­
ment among the parties concerned if -agreenient by such methods can
be rea ched.

2. Improve exist ing canals so as to reduce seepage losses in areas
neal' th e stream so as to deliver a larger part of th e diversion to areas
away from th e st ream in which ground water is now lowering.
I ncrease canal capacit ies for those systems serving such outer areas.

3. Increase pumping in. areas near the river channels using pumped
wat er as a substit ute for present canal use in these areas so that the
present canal use can be transferred to areas of deficient ground .
water supply. 'I'his will also in crease ground water storage capacity
for absorption of flood flow from th e river channels .

4. Permit use of winter flow by storage for upper lan ds either in
surface or ground water basins or a combinat ion of both as may prove
to be most economical.

5. Mak e direct transf ers of present canal use f rom areas of less
production pel' un it of water supply to those of a higher type of use
wher e such tran sf ers can be arranged .

22. It is conside red that it is to the in terest both of the individuals
concerned and of th e comrnunitv as a whole that land on which the cost
of development has already been incurred should have its water sup ply
protected before additional lands are brought under irrigation . Such
develop ed lands can offer security for higher costs in secur ing the wat er
needed to supplement their existing supply tha n lands not developed
and r equ ir ing a complete water sup ply .

23. 'I'he continuance without change of present conditions of diver­
sion and pumping mu st eventually r esult in a re duction in t he areas
now irrigated in some parts of th e Kaweah delta due to the increase of
th e li f t to a point wher e pumping will no longer be profitable.

UTILIZATION OF WATER SU PPLY O F SO UT H E RN PART OF
T ULARE COUNTY.

T ule River Area.
24. Th er e was a total ar ea of 63,703 acres irrigated in 1921 in the

area considered to be depend ent on 'r ule Ri ver for such water supply
as it may r eceive. This is equivalent to one acre ir r igated for each 1.9
acre-feet of mean annual available run-off.

25. An area of 16,723 acres r eceived some canal irrigati on in 1921.
Over 80 per cent of th is area also received some pumped water .

26. 'I'he total pumping' draft in 1921 was 132,000 acre-feet .
27. Th e ground m it er conditions are discussed in deta il for the

va r ious parts of th e area with the following conclusions :

1. Th e present pumping draft closely approaches the total mean
annual ava ila ble run-off of Tule Riv er .

2. 'While th e general conditi ons are r elatively favo rable for the
addition of a large part of the rnn-off of 'rule River t o the ground
water , t he' present draft exceeds the avel~age replenishment. .

3. A consideration of the conditions on the differ ent pa rts of th e
area shows that the greatest lowering of the ground water has
occurred on those areas least directly supplied and at the greatest
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distance f rom sou rces of per colation. Th e maintenance of present
conditions can only be expected to r esult in a cont inued lowering of
the water table in su ch areas.

4. Any in crease in draft on such ou ter por tion s will directly
increase th e r ate of lowering of the ground water. Any inc rease ill
draft in the por tions of the area adjacent to sources of percolation will
indirectly increase the lowering of the outer area by a re duction in
th e ground water supply availab le for outward movement.

28. The most desirable reservoir site on the Main 'I'ul e River is at
P leasant Valley. A storage of 50,000 acre-feet capacity with an est i­
mated cost of $2,050,000 would give a fai rly dependable regulated sup­
ply of 100,000 acre-feet per year.

29. On the South Fork of Tule River a r eservoir could be built below
th e I ndian Reservation with a capacity of 5000 acre-feet at an estimated
cost of $535,000 whi ch would support a fairl y depend able regulated
supply of 20,000 acre-feet.

30. A combinatio n of 60,000 acre -feet of storage at P leasant Valley
an d 5000 acre-feet on South Fork would suppor t a r egulated annua l
supply of 120,000 acre-feet at an estimated total storage cost of
$2,750,000.

31. As such stor age r epresents mainly a change in meth od of use and
does not make available any materially larger part of th e run-off of
these st reams than are now used by oth er methods th eir const ruction is
not recommended.

Deer Creek Area.
32. A total area of 15,447 acr es, of whi ch the 'I'erra Bella Irrigation

District supplied 3841 acr es were irrigated in the Deer Cree k area in
1921. 'I'ho total pumping draft was 35,000 acre -feet or nearly twice
the est imated mean annua l run-off of Deer Creek, an average lower in g
of th e ground water of two feet occurred in 1921.

White Cr eek Area.
33. An area of 11,600 acres was ir r igated in 1921 in the area consid­

ered to be dep endent on , Vhit'e Creek for suc h grou nd wat er supply as it
may receive. ' The total pumping draft was 27,000 acr e-feet or about
four times the estimated mean annual r un-off of White Creek. An
average loweri ng of the ground water of 1.3 f eet occurred in 1921.

34. There was an area of 10,800 acr es irri gated in 1921 in the ar ea in
sout hwestern Tulare County consider ed to have gro und wat er supplied
from min gled sources. The total pumping draft within the area was
9500 acre-feet . 'I'he water rose an average of one foot in 1921. No
estimates of th e amount of th e available ground water can be made for
this ar ea.

35. The investigations were extended into th e northern edg e of Kern
County. Similar conditions of draft in excess of tributary water sup­
ply with a r esulting lower ing of the ground water were found as in
parts of southern Tular e County.
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MAIN REPORT.
C HAPTER I.

GENERAL FEATURES.
Climate.

Th e climatic condit ions in the San Joaquin Valley portions of
'I'u lare County are such that whi le irrigation is essential fo r full crop
producti on a wide variety of crops can be produced. Temp erature con­
di ti ons vary in di ffer ent localit ies so that th e growth of certa in cr ops is
lim ited to special a reas but th ere are no portions of th e area in whi ch
crops can not be profitably gro wn. 'I'h e la rger portion of the areas is
suited to orchards, eithe r cit rus or deciduous, in cluding vin es. F'or tho se
po rtions where local condit ions may be less favorable for orcha rds a
sufficien tly wide variety of oth er crops are available to mak e irrigation
profita ble. No detail consideration ha s been given to temp erature con­
ditions in th ese investigations.
. 'I'ho precipitation of the areas furnishing the run-off' for the water
su pp ly is discussed in the next chap ter. For the ag ricultural portions
of th e county the r ainfall is limited in amount and confined in its occur­
rence to th e winter months. Th e mean annual rainfall is 10.31 inches
at Visalia, 10.02 inches at Portervill e and 16.71 inches at Lemon Cove.
While such precip itation enables grain to be gro wn in many years
without irrigation it is not sufficient for more intensive cultivation. It
is doubtful if any of th e winter precipitation reach es th e ground water
d ir ectly on the ar ea on wh ich it falls although th ere may be some in cr e­
ment to the ground wat er in areas of high water table in years of
excessive rainfall.

So ils.

Th e por tion of Tulare County in th e San Joaquin Valley is included
in the areas of th e Reconnaissan ce Soil Survey of the Midd le Sa n
J oaquin Valley published by the U. S. Bur eau of Soils except th e
souther n n in e mi les of the county, which is in cluded in the Reconnais­
sance Soil Su rvey of the Upper San J oaquin Valley.

'While the soil texture vari es wid ely in different parts of th e area,
th er e are fe w localities in whi ch the soil is sufficiently unfavorable to
contr ol development. T he deltas of Kaweah and 'I'ulo ~ivers are lnrgoly
sanely loam s, fine sandy loams and loams. Nearer th e side of th e valley
between the st reams th e soils tend to be heavi er and in some cases have
hardpan within six feet of th e surface: Alkali in sufficient amounts to
affect crop growth occurs in portions of the are a, particularly in the
western part of the county. 'I'h orr- is, however , adjacent to all streams
an area of good land in excess of th e area whi ch th e wat er supplies are
capable of irrigating.

Th e differences in soil textnre aff ect th e irrigation pract ice both as
to frequency and amount of sing le irrigations and as to the total use
per season. In some portions of the area ground water also affects the
conditions of surface application, the ground wat er bein g sufficient ly
high to res ult in its direct use by th e plants.
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Crops.
In all parts of th e irri gated areas in Tulare Coun ty there are a

sufficient variety of cro ps whi ch can be grown to make irri gation
desirable. 'I'he cr op distribution varies with the condit ions of tempera­
ture, water supply and soil. In th e areas adjacent to th e upper edges
of th e vall ey citrus fruits, olives an d vines are largely grown. In
intermediate areas vines and deciduous f ruits are mingled with gene ra l
crops. In th e western portion of th e county the proportion of alfalfa
and summer crops such as corn is larger . Th e cr op dist ribution is
affect ed both by temp erature condit ions and by th e cost of water , th e
crops of Iarzer water r equir ement beina srrown mor e generally in areas
of lower p~mping lifts. 'l'h e y ields b of all elasses

b

of crops where
p roperly handl ed with ad equate water supplies compare well with those
obtained in oth er areas . Some areas not directl y cult ivated under
irrigation are used for pasturage, bein g .ir rrga ted at such times as
excess water may be available. S0111e land of high ground wat er is also
used for pasturage without direct irrigation.
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CHAPTER II.
WATER SUPPLY.

The water supply for the portion of Tu lare County in the San
Joaquin Valley can come from only three sources. Th ese are (1) vis i­
ble surface flow of streams enter ing th e ar ea; (2 ) invisib le subsurface
ground water movement; an d (3 ) direct precipitation on the area.

The first of t hese sources can be measured and sufficient records are
available f or the greate r portion of t he drainage area tributary to the
valley lands to f urnish a depend able basis for determining the r un-off.
The extent of the natural precipitation has been given and the opinion
exp ressed th at this adds lit tl e if any supply to the ground water. The
n at ural precipitation on the valley lands is of benefit to pl ants by direct
use and reduces the amount of water it is ne cessary to apply by irriga­
t ion . It does not, however, add mater ially to th e water supply available
for irrigati on .

The subsurface ground water movement into th is area- from outside
areas, if such movements exist, would be difficult to measure. Th eir
study can best be approached by a process of elimination of possible
sources of such supply. .

There are three possible general sources from whi ch ground water
might move into th e area cover ed by these invest igations. One of these
is gro und water movement from areas supplied by Kings River water.
The ground water contuors shown on Map 2 and th e detail r ecords of
wells di scussed lat er indicate that th ere is little if any movement south
of Cottonwood Cr eek of any water supply derived from Kings River.
The second possib le source is general San Joaquin Valley ground water
moving northerl y from the south end of the valley. Thi s affects some
areas in the southwestern portion of th e county. Its ext ent is discussed
in conne ction wit h the discussion of the groun d wat er there. The
ground water contours on Map 2 demonstrate that such sources can not
affect the high er lying ground water of any of the areas except the
sou thwestern part of the county. The th ird possible source is deep
movements westerl y under the vall ey of water absorbed within the
Sierra Nevadas, Belief in th e existe nce of such a source of supply has
been expressed by various individuals during the progress of th is work
and some discussion of the probabilities of its occurrence is considered
warranted.

The f ormati on of th e Sierra Nevadas is generally granitic and of an
older geological age than the valley formations. The present San
Joaquin Va lley is the result of the fillin g by erosion f rom the ad jacent
mountains. Portion of su ch filling have taken place while the valley
was submerged giving sed iments more or less stratified; other portions
have taken place, as at present, as deposits by streams giving the
alluvial formations which compose the recent valley fill. Th e tota l
depths of these different deposit s is not known but is considered to be
several thousand f eet in the centr al portion of the valley, wells over
4000 feet in depth have not reached the underlying formation.

In order for water absorbed on the upper drainage areas within the
Sier ras to reach these valley fills by underground movement it would
have to pass through the granite and into the valley fills. While ground
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water may exist in granitic formations, its amount and movement' are
small except along lines of fracture or faulting. It would be contrary
to expe r ience in other areas to expect an y material amount of such
movement here. The greates t losses would naturally by expected to
occur along present st re am channels. Measurements given later show
that ther e is no appreciable loss from the Kaweah River channel abov e
McK ay Point. Pumping near Lindsay lower ed th e water level to a
considerable depth, gener al ground water movement from the upper
areas, if it existe d in this area, should have ser ved to maintain the
pumping supply adjacent to the hills.

E xcept for the two marginal are as first mentioned all of the water
supply for the areas in Tulare County can be consid ered as entering
th e area as surface run-off in the definit e st ream channels. 'The exten t
of such run-off measur es the exten t of the water supp ly tributary to the
are a an d available for irrigatio n . The availabl e rec or ds ' are mainly
those obt ained by the Wate r R esou r ces Branch of the U. S. Geological
Survey sin ce 1901 with some additional records secured by local inter­
ests . E stimates of the run-off f r om 1878 to 1884 have been published
based on the data obt ained during this period by the State Engineer . \
As such recor ds are based on less de tail of obser vation than those more
recently obtained and as the r esults are in many cases inconsistent with
th e more complete r ecent r ecords no use has been mad e of the ear lier
estimates .

In these investigations no study ha s been given to th e f easibility of
br ingin g into this area water supplies not naturally tributary th ereto.
Such studies are ou ts ide th e scope and purpose of this work. There can
be no que stion, however , that f ull utilization of local sources of water
supply should take p rece dence over any pl ans for securing distant
sources of su pply.

KAWEAR RIVER.

Kaweah River is the largest str eam in Tul are County and supplies
about two-thir ds of the ar ea irrigated. Th e run-off of the main st ream
has been measured by the U. S. Geological Survey below '1'hree Rivers
since 1903. Records are also ava ilable for the Nor th and South Forks
since 1911. Recor ds at :l\IcKay Po int ha ve been kept since Octob er,
]9 16, by Mr . H. II. H olley fo r parti es interested in th e divers ions from
the ri ver. Th e pow er compan ies whi ch have plants on the Middle Fork
have kept records on E ast and Marble Forks as well as Middle Fork.
All of th ese r ecords have been mad e availabl e for th e purposes of this
report,

The run-off of th e separate bran chcs of Kaweah Ri ver is not of direct
int erest in the study of the u t il izat ion of thi s st ream for irri gation as
110 reservoir sites of sufficient size to be impor tant wer e found on these
branches. The only site offeri ng possibilities of full r egulation of the
st ream is below th e junction of the three forks at Three Rivers . The
run-off of th e main stream at Thr ee River s gives th e total supply avail­
able for ir r iga tion .

The record of th e U. S. Geologica l Survey station at Three Rivers
during 1918 to 1920 is open to some qu estion due to uncertainty as to
the accuracy of th e repor ted gage heights on which it is based . A
somewhat det ail ed an alysis of these re cords for this period has been

2-21044
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made and 11 substitute record of discharge used. Th e method of deriv­
ing this substitute record is exp lained in detail later.

For th e period 1903 to date the run-off of th e Kaweah Rive r at Three
Riv ers is shown in Table 1. Th e records, except for 1919 and 1920 are
those of the U. S. Geological Survey. Th e an nu al mean for the 18-year
period is 455,000 acre-feet. Rainfall records fo r thi s vicini ty are ava il­
able since 1890. A study of th ese indicates that thc precipitation for
the period 1890 to 1903 was only 93 pel' cent of th at for th e period 1903
to 1921 and that th e recorded run-off for the latter period would exceed
the mean for th e longer period 1890 to dat e. A comparison by years
indicated an average annual run-off of 416,000 acre-feet fo r the period
1890 to 1903 which combined with the recorded run-off sin ce 1903 gives
a mean annua l discharge for th e peri od 1890 to date at Three Rivers of
438,000 acre-fee t . Th e estimated ru n-off of t he small st reams ente r ing
below Th ree Rivers, as given later , is 13,000 acre-feet per year, giving
a total mean annual run-off of th e Kaw eah drainage area of 451,000
acre-fee t.

TABLE 1.

Discharge of Kaweah River at Three Rivers. Record of U. S. Geological Survey, Except for 1919 and 1920, for Which
Discharge is Computed from McKay Point .

Discharge in total acre-feet

Month
1903 1903-04 1904-05 1905-06 1906-07 1907-08 1908-09 1909-10 1910-11 1911-12

------ - - - - - - --- - - - ------ - - -

Octobor, _______ __ - - - - - --- 2,644 31,420 2,669 7,380 6,890 6,069 5,670 4,430 4,800
November________ -- - - - --- 3,332 6.962 3,368 7,080 6,250 4,260 13,000 4,240 4.960
December__ __ _____ --- - - --- 2,951 5,841 5.103 15,100 12,100 5,240 46,600 6.580 5,570
January__________ ---- - --- 4,796 7,133 48,200 25,309 12,700 92,200 50,600 53,400 6,270
February_________ - -- - - --- 41,933 14,330 23,200 33,300 . 18,800 77,200 25,900 35,800 6.040
Mar ch____________ 39,352 34,000 150,000 63,300 36,800 53,400 48,700 70,100 12,200
April_____________ --- ----- 57,600 46,590 114,000 117,000 47,200 89,800 79,100 75,600 22,500
May _____________ 123,406 126,296 85,220 197,000 120,000 54,500 162,000 86,700 106,000 67,600
June_____________ 104,073 62,598 80,210 278,000 121,000 35,900 217,000 34,900 122,000 61,300J uly _____________ 28,407 13,527 18,620 211,000 62,700 11,400 70,100 12,000 51,800 10,600
August. __________ 3,074 6,641 4,710 42,500 16,000 5,250 16,000 3,680 11,400 3,360
September , _______ 2,559 11,306 2,690 13,400 5.380 4,850 6,600 . 2,880 4,680 2,210

------ - - - - - - --- - - - ------ --- - - -
Total forseason, -- ---- -- 373,000 338,000 1,090,000 594,000 253,000 800,000 410,000 546,000 207,000

Discharge in total acre-feet

Month
1912-13 1913-14 1914-15 1915-16 1916-17 1917-18 1918-19 1919-20 1920-21

--- - -- - - - - - - --- --- --- - - -
October ___ ___________________ 2.340 3,070 4,300 2,640 19,600 3,040 9,900 2,400 7,810
November ___________________ 3,040 6,550 3,460 3,370 8,630 3,300 8,510 2,740 8,750
December____________________ 2,900 7,380 4,950 7,620 17,400 3,370 8,790 9,100 9,590
January_____________________ 5,020 71,900 8,300 94,100 17,200 3,460 6,500 6,030 16,500February ____________________ 7,610 33,700 19,200 61,600 38,300 7,890 22,100 8,400 23,700March _______________ _______ 15,400 51,500 27,000 108,000 35,700 33,500 29,300 37,900 54,700ApriL ______________________ 37.800 67,200 52,800 127,000 70,800 46,900 58800 72,900 49,300May ________________________ 68,200 108,000 104,000 145,000 102,000 65,200 99,000 116,500 89,200
June____________ ____________ 43,100 86,300 105,000 131,000 120,000 46,200 32,900 86,100 85,100
J uly _______ __________________ 15,600 38,700 30,700 59,000 30,600 9,720 9,250 22,500 20,000
August ______________________ 10,700 7,500 6,400 16,700 7,8iO 3,200 2,650 4,900 4,060September ___________________ 8,990 4,240 3,400 6,130 3,370 3,920 1,490 2,650 2,610

- -- ------- - - --- --- - - - - - - ---
Total for season ___~ ________ 221,000 486,000 370,000 762,000 471,000 230,000 289,190 372,120 371 310

- -
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The run-off of Kaweah Riv er is subjec t to r elatively wide variations ­
in different years as shown in 'I'able 1. Th e maximum measured
annual run-off at Three Ri vers sin ce 1903 is 1,090,000 acre-feet , th e
minimum is 207,000 acre-feet . Two consecut ive years, 1912 and 1913,
have had a mean discharge of 214,000 acre-feet or less than one-half
the normal. Of recent years, 1916 was a year of excessive r un- off ;
1917 was about normal; and the last four years have varied from 53 to
89 per cent of normal. 'I'he four years 1918 to 1921 are the long est
period of r ecord in which no year had a run-off equal to or greater
than normal.

Acc uracy of Kaweah R iver Records.
'I'h e records of run-off of the Kaweah Ri ver at Three Rivers as

obtained by the U. S. Geological Survey have been based on gage
height readings taken usually t wice per day. During th e summer of
1921 an automati c r egist er was also installed by Mr . H . H . Holley.
During 1921 th e gage height readings have been taken at 7 a.m. and
7 p.m. The resu lting discharges as obtained by the .r ecording gages
and the two gage height readings are shown in the following ta ble. Th e
same rating table was used for both computat ions so that th e differ­
ences in discharge are du e to variations of th e mean of two gage read ­
ings per day f rom th e actual mean .

Mean )lcan I
I

di schar ge, d lse h arge , Dffference, Difference,
)!on th recording gage, 2 gage heigh t second-fe et per centreadings.second -t eet secon d-feet

Ap ril - - - - - - - - - - - -- - - -- - - -- - - - - - - - - - - - - - 826 780 46 5.6
lIIay --- - - - --- - -- - ---- - - -- --- -- - -- .-- - - - 1,440 1,360 80 5.6
Jun~ --- - - - - - -- - - - - - - - ---. - - - - . -- - .-..- - 1,430 1,320 110 7.6

These r ecords indicate that two readings per day at the hours used
give a smalle r discharge th an th e actual at this stat ion during th e
months of snow water flow. This differ ence is du e to th e fluctuat ion
of the discharge during the day caused by t he variations in the hourly
rate of snow melting. As th e three tributaries of the Kaweah have an
approximate ly equal length of cha nnel to the por ti ons of their drainage
areas contr ibuti ng the larger portion of the run-off the daily peak of
each branch coincides in tim e at the Three Rivers station. This resul ts
in a greate r range of daily discharge than would be expected on most
of such streams. Th ese dai ly variations are lim it ed to the months of
melted snow flow. Dis charge, during th e rainy season , does not show
similar variations. Typical r ecords are shown in Fig. 1.

The comparisons made in 1921 might be used as a basis for a conclu ­
sion that th e discharge at 'I'hree Rivers as published is less than t l:e
actual dischar ge and that some in crease in such records would be
warrant ed. Any such corrections would apply only in the summer
months and the amount of th e cor rect ion would depend on the actu al
time of reading of the gage. Th e actual ti me of rea ding of th e gage in
the past is not definit ely known alt hough it was pro bably in the early
morn ing and toward even ing . Th e uncertainties as to th e t ime of read­
ing make th e application of a correction inadvisab le. 'I'he conclusion
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appears warran ted, however , th at th e actua l discharge at Three Rivers
is probably slightly more rather than less than the amount shown by
the record.

Kaweah River Records 1919 and 1920.

Since 1916 a record of the discharge of Kaweah Rive r at McKay
P oint has been kept by the cana ls interested in the di vision of flow at
that point, the actual record bein g secured under the supervision of
MI'. H . H . Holley, engineer for the can al associa tion. A compa r ison of
the record at l\IcK ay P oint with th at at Three Rivers indicated differ­
ences not explainable by interm ediate diversions. Th ese differ ences
began to occur late in 1918. I n order to secure a check on the Three
Rivers r ecord an automatic r egister was install ed at Three Rivers in
1921 by Mr. Holley. A change was also made in the Geological Survey
observer. Th e records during 1921 (Table 2) indicated a close agree­
ment of th e discharge at 'I'hroe Rivers and at McKay Po int when
allowances fo r in termediate div ersions are made. .As the Three Rivers
r ecord f or 1919 and 1920 appears to be based on in accurat e gage height
records a subst it ute r ecord has been prepared based on the l\fcKay Point
record plus th e intermediate diversions.
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TABLE 2.

21

Comparison of U. S. Geological Survey Record of Discharge of KaweahRiver at Three Rivers for 1918-1921 with Record
Computed by Adding Intermediate Diversions to Discharge of Kaweah River at McKay Point.

Total acre-feet, 1918-19 Total acre-feet , 1919-20 Total acre-feet , 1920-21

Mont h Difference Difference Difference
Corn- U.S.G.S. U.S.G.S. Corn- U.S.G.S. U.S.G.S. Corn- U.S.G.S. , U.S.G.S.

, pute d minus puted minus put cd minus
computed compute d computed

--- ---------- - - --------- - - - ---
October ___ *9,900 9,900 ----- -- -- - 2,400 3,880 +1,480 6.350 7,810 + 1,460
November , *8,510 8,510 - -- - -- ---- 2,740 3,620 +880 7,910 8,750 +840
December _ *8,790 8,790 ----- - -- -- 9,100 29,100 +20,000 9,470 9,590 + 120
January___ 6,500 6,640 +140 6,030 7,190 +1,160 15,700 16,500 +800
February __ 22,100 18,900 - 3,200 8,400 9,610 + 1,210 22,700 23,700 + 1,000
March_____ 29,300 26,300 - 3,000 37,900 60,100 +22,200 45,500 54,700 +9,200
ApriL ____ 58,800 66,000 +7,200 72,900 69,600 - 3,300 51,000 49,300 - 1,700
May______ 99,000 99,000 116,500 108,000 - 8,500 89,500 89,200 -300
June. :_____ 32,900 29,400 -3,500 86,100 97,000 + 10,900 84,400 85,100 + 700
Ju ly_______ 9,250 7,130 - 2,120 22,500 22,800 +300 21,270 20,000 - 1,270
August, ___ 2,650 2,410 - 240 4,900 5,830 + 930 4,140 4,060 -80
September_ 1,490 2,340 +850 2,650 3,660 + 1,010 2,850 2,610 -240

- - - - - - - - - - - - - - - - - - ------ ---
Totals___ 289,190 285,320 -3,870 372,120 420,390 +48,270 ' 360,790 371,310 + 10,530

*U. S. Geological Survey record used.

'I'he McKay Po int record sin ce 1917 has been secured by means of
an aut omatic regist er . 'I'he rat ing is controlled by the weir used to
divi de the flow between the Kaweah and St. J ohns cha nnels. The
records of div ersion (secured by 1\11'. Ho lley) of the canals diverting
between Th ree Rivers an d McKay Po int are not complete and est imates
have been used fo r portions of the r ecord . Th e esti mates ar e con­
sidered to be fairly accu rate as the diversions are re latively unifo rm
and the amounts estimated are a small part of th e computed totals. The
interm ediate run-off between Three Rivers and McKay P oint was
relatively small in all of the years used in these comparisons.

PLATE I , Figure A. Di vision Weir at MeKa y Point.
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Th e agreemen t of the Three Riv ers and l'lIcKay Point records for a
typical period in 1921 as well as th e extent of daily fluctuation are
shown in Fig. 1. Th e differ ence in discharge is du e to interm ediate
div ersions. A't th e dates where th e river is rising the time diff erence
between Three Rivers and l\IcKay Point, a distance of !) miles is only
one to two hours; on other dates whcn the river is falling th e difference
in time is about seven hours. 'I'ho exte nt of th e daily fluctuations indi­
cates th e probability of er ror where records are based on sin gle gag e
r eadings. Th e ri ver rises for abou t six hours during the day and
recedes during the other eighte en hours. Th ese period correspond with
the ti me of melting at the higher altitudes. Th e percentage fluctua ­
ti ons at McKa y P oint are larger than at Three Rivers indicating th at
there is no spreading out of th e maximums or mini mums in the st ream
channel betwe en th ese two points.

Other comparisons were tried in order to check the Three Riv ers
records. Th e total annual discharge of th e Kaweah Riv er was , com­
pared with th at of th e Kings and Tule riv ers. Th e variations in th e
ratio of run-off in diff erent years arc greater than the variations in the

P L A T E T, Figure B. Gaging Station on Cross Creek a t H a n ford Roa d B ri dge .

years in qu estion on the Kaweah River . Apparently th e storms pro­
ducing th e larger portions of th e precipitation vary in th eir distribution
over these adjacent drainage areas in diff erent years so that th e rela­
tionship of the resulting run-off is not consistent.

A comparison of th e sum of th e record s on th e North, Middle and
Sou th forks with that at Three Riv ers was also made. Th e records on
th e Middle F ork are kept by the power comp anies at th eir diversions.
Th e South F ork record is not complete in r ecent years. 'While th e
re cords of these stations are based on gage readings only and can not
be considere d as dependable as the McKay P oint record, they, in gen­
eral, tend to support the :MeKay Point record in those months in which
McKay P oint differs from ' Three Rivers.
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As these compa r isons indi cated th at th e record comp uted f or the
discharge at Three Ri vers was more consistent than the Three Rivers
record, the compute d resu lts have been used for th e years 1918-19 and
1919- 20. F or 1920- 21 th e Three Rivers record was used as it agrees
quite cons istently with that computed from :l\IcKay Point except during
:i\Iarch.

Channel Losses in Kaweah Riv er.

In order to determine whether there is any channel seepa ge eit her
above or below Three Rivers a series of measurements were mad e dur­
ing the low water per iod in Augnst and September, 1921. Measure­
ment s were mad e of each of the three forks and of the d iversio ns and
the records at Three Rivers and McKay P oint for the same dates
secured. Th e results are shown in the following table :

Upper Lower
measurement , measuremen t,

second-feet second -fee t
Dtverstons, ILosses or gain,
second -f eet second- feet

Nor th Fork 2.84
South Fork 4.82
Middle Fork . _

'I'o t aL ,, _
Kaweah River at 'l' hree Rivers Sta . . _

1.79 3.02 + 1.97
1.0 2.92 ---{).90

43.30 - - - - - - - - -- - - ---

46.20 -- - - - - - - - - - - ---
51.00 _.._- - - - - -- - - + 4.80

The gain on North Fork is considered to be due to return flow f rom
irrigation diversions. Th e loss on South Fork o.ccnrs in th e coarse
mate rial in the lower portion of its length. Measurements up the
Middle Fork were not made due to condit ions of diversion for power.
There is probably little, if any, loss except by seepage from the power
flumes which may be lost bcfore r eaching the r iver.

F rom th e junction of North and Middle Forks there appears to have
been a gain of nearly five second -feet to the gaging station below 'I'hre e
Rivers , a distance of about four miles. In th e nine miles between
Three Rivers and McKay Point there was an indicated ' gain of seven
second-feet. The extent t o whi ch t hese gains may cont inue thro ughout
the year is not known , It is probable that th ey represent mainly ground
seepage to the river channel from early season flood flow or div ersion
for ir rigat ion rather th an a continuous ground water movement The
conclusion appears warranted that th ere lS at least no channel loss
above l\IcKav Point and that the flow at Three Rivers is th e total run­
off of the upper drainage area. 'I'he wells above Me.Kay Po int have in
general given small yi elds, a further ind icat ion of lack of seepage.

TULE RIVER.

There are two points of measurement whose records give the
principal part of the run-off of th e 'I'ule River drainage area. These
are th e stations (1) on th e main river above th e mouth of the South
Fork and (2) on th e South F ork. The run-off of t he small area below
these stations is discussed with the oth er minor drainage areas.
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Main Tule River.
Th e record of th e main st rea m gives the r un-off f rom 266 squa re

miles of drainage area in clud ing th e Midd le and North Forks an d their
t r ibutaries. Th e draina ge area extends back to th e divide of the Kern
River drainage at elevat ions of over 9000 feet along most of the crest.
'I'he North Fork of Middle Fork extends northward to the east of North
Fork and receives the drainage of mu ch of th is higher area. Th e mean
annual run-off of the North Fork of the Middle Fork appears to be
about 900 acre-feet per square mile, of the South Fork of the Midd le
Fork about 600 acre-feet per square mile and for the remainder inc lud­
in g the Nor th F ork about 2'75 acre-feet per square mile.

Th e record on the main stream is continuous since 1901. Th ere are a
few small diversions above th e stat ion but th e record gives the water
available for use below. Its accuracy is considered satisfactory. The
r ecords are based on daily gage heights. There are' no cont inuous gage
records available. Th e daily fluctuations du e to snow melting are prob­
ably less on this st r eam than on the Kaweah. The annua l discharges
are given in Table 3.

TABLE 3.

Runoff of Tule River Near Porterville, Above Mouth of South Fork. Drainage Area, 266 Square Miles. Record of
U. S. Geolegical Survey.

Discharge in total acre-feet

Month ~

1901 1901-02 1902-03 1903-04 1904-05 1905-06 1906-07 1907-08 1905-09 1909-10
--- --- - ----- - - - --- - -- ---

October, ___________
- - - - - - - - 1.783 1.476 1.045 3.382 775 2.370 2.830 1,920 2,740November __________ ---- ---- 2.559 2.975 1,428 1.78-5 2,523 2.900 3.150 2.030 5,270December___________ -- -- -- -- 3.074 3,812 1,722 2,275 5.792 5.970 6.520 2.720 36.600January____________ - -- --- -- 2.767 15.618 1.845 2,914 30.700 14.300 7.130 55.000 21,100February _____• _____ - --- ---- 8.830 9,608 6.960 4,215 11.100 15.800 15.200 49.800 10.000March______________
- -- - - --- 22.259 15.86-1 17,401 14.140 8~.200 21.800 18.200 32,600 13,300

April. ; ___ _________ _
-25j oi- 33.977 26,598 16,602 12.200 45.900 45.500 10.600 45.200 13.600May _______________ 21.090 22.013 16.110 19.250 66.409 20.890 10.100 45.000 9.470June____________ ___ 14,281 11.306 9.402 4,403 8.688 57.890 15,600 4.750 34.300 3.180July ________________ 3,751 2.644 2.337 1,045 2.023 22.300 5.060 1,230 10,100 1,110August_____________ 1,168 1,291 1.045 553 603 5,189 2.260 633 3.300 406September __________ 1,012 893 833 1,190 488 2.820 1.780 1,100 2.300 631
--- --------- --- - - - --- - - - - - - - - -Totals___ ______ ___ . 45.900 112.000 112.000 70.300 71,000 335.000 154.000 81.400 285.000 117.000

Discharge in tota l acre-feet

Month
1910-11 1911-12 1912-13 1913-14 1914-15 1915-16 1916-17 1917-18 1918-19 1919-20 1920-21

- - - --- --- - - - --- - - - --- - ----- - - - - - -

October, ___ 1.360 1.520 429 212 928 581 5.840 928 490 529 879
November__ 1,900 2.550 904 2,230 1.210 1,750 3,800 1.680 1.430 976 1.690
December__ 2,980 2,930 1.390 4.180 2.560 3,790 12,600 2.180 2.790 3.230 3.070
January____ 17.800 4,000 1.740 44.400 4.500 58.200 9.410 2.370 2,490 1.920 4.960
February___ 15.100 3.370 1.640 14.300 9.720 33.200 19.300 2.870 6,500 2.160 8.500
March. ____ 26.900 5.450 5,130 14.300 10.600 51.800 16.100 12.800 13,500 18.100 14,400
April. , _____ 21.000 9.700 7.970 15,900 14.900 38.700 23.000 8.930 15.600 25.600 9,640May_______ 17,400 12.200 6.210 16.500 37.400 33,200 24.800 5.810 , 12.100 20.700 15,300J une______ _ 10.890 6.720 2.950 9.640 16.100 18.500 17,500 1,960 2.700 9.340 8.930J uly _______ 3.380 842 445 2,480 3.510 6.200 3.640 167 259 1.510 1.090
August_____ 1,330 175 142 627 744 2,240 1.150 56 34 194 98
September__ 988 314 278 397 625 1.200 547 159' 18 209 57

--- --- --- - - - - - - - -- - ------ - - - - - - --
Totals____ 121,000 49.890 29,200 125.000 103.000 249,000 138.000 39.900 57,911 84,468 68.614
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Th e mean annual discharge of the main river station since 1901 has
been 120,000 acr e-feet . This r ecord does not cover ' the dry period
between 1890 and 1900. As the rain fall records begin in 1889, th e
measured run-off sinee 1901 was plotted against the rainfall for each
year and th e in dicated relationship used to estimate th e probabl e run­
off for 1889 to 1900. 'I'he rainfall f or these earl ier years averaged 88
per cent of the long tim e mean . _ 'I'he r esulting estimates of r un-off
averaged 88,000 acr e-feet per year for thi s ear lier period.

F or the full period, 1889 to 1921, th e est imated and measured run-off
indicat es a mean annual discharge of 106,000 acr e-feet per year for the
area above th e present gag ing st ation on the main 'I'ulo River .

For the peri od of actua l record the years of smallest discharge were
1912 and 1913 with a total of 50,000 and 29,000 acre-feet r especti vely
or 47 and 27 'per cent of the probable long t ime mean . In 1918 th e
discharge was 38 pe r cent of the long time mean. Th e largest measured
discharge was in 1906 with 335,000 acre-feet or t hree t imes the long
tim e mean . Two other years, 1909 and 1916, were 2~ and 2-:1:- tim es the
mean . For th e years 1889 to 1901 the est imates indicat e a minimum
discharge of 28,000 acr e-feet in 1898 with no yea rs -exceeding 1.5 -t imes
the probabl e long time mean.

Fo r the long t ime peri od t he discharge at the gag ing station on t he
main Tule River appears to be derived about as follows : .

Drainage area

South Fork of Middle F or k . _
North Fork of Middle F or k _
Bear Creek _
Remainder of drainage a re a -t -

'1'0 t a ls _

Mean annual I
run-oft'. acre-fee t

25.000
30.000
5.000

46.000

106.000

Per cent of total

23
27
5

45

100

South F ork of the Tule River.
The records on the South Fork of Tu le Rive r began in 1910. T'he

record is not complete for all parts of the period since 1910. The dis­
charges are given in Table 4 in which the missing records which have
been supplied by estimates based on comparison with the record of the
main Tule River are in dicated.

F or the eleven yea rs of r ecord th e mean annu al discharge has been
28,750 acre-feet . Th e maximum measured run-off has been 87,000
acre-feet in 1916 and the min imum 9040 acre-feet in 1913.

In order to estimate the run-off on th e South F ork over a longer
period than that covered by t he record , the recorded discharges on the
South F ork were pl otted against the discharge of the main 'I'ul e River .
From th e relati onship in dicated the discharges for previous years were
estimated by compa rison with the measured or esti mated discharges on
the main 'r ule River.

For the period 1890 to 1921, th e mean annual discharge of the South
Fork of Tale River , as estimated on the above basis, appears to have
been 29,000 acre-feet with variations f rom 8000 to 95,000 acre-fee t in
different years.
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'I'he gaging stat ion on th e South F ork is several mil es above its
entra nce in t o t he main st ream. 'I'he gagi ng stat ion on the main
stream is also above t he base of th e hill s. While the portion of the
drainage area f rom which th e r un -off is not measured f urnishes a rela­
ti vely small pa rt of the total d ischarge it has been est imated for pur­
poses of completeness. 'I'he result s arc shown wit h those for all areas
in Table 6. In minimum years the discharge is negligible ; in wet years
it is est imated that as much as 9000 acre-fee t of run-off may occur with
an average of about 2000 acre-feet per year. The estimate for this
lower area was based on the same methods t hat were used for oth er
sma ll unmeasu red areas as explained later.

TABLE 4.

Runoff of South Fork of Tule River Near Porterville. Drainage Area. 76 Square Miles. Record of U. S. Geological
Survey Except as Noted.

-

Month
Discharge in to ta l acre-feet

isio-n 1911-12 1912-13 1913-14 1914-15 1915-16 1916-17 1917-18 1918-19 1919-20 1920-21
- -- - - - - ----- - --- - - - - - --

Oct ober ____ 302 440 285 132 326 264 1,680 330 470 311 430
November__ 780 509 516 581 405 738 *750 550 750 370 893
December__ 916 719 555 1,760 818 2,340 *1,000 607 1,030 2,210 1,540
January ____ 3,210 615 941 15,300 1,440 21,600 2,800 715 756 568 1,840
February___ 2,850 555 944 4,670 2,850 12,500 *4,000 1,524 1,790 863 2,780
March _____ 6,760 1,640 1,650 4,090 3,190 18,800 5,200 3,204 4,480 6,390 4,610
ApriL_____ 4,560 4,150 1,8.30 5,360 4,320 13,000 *5,000 2,012 4,590 9,340 3,270
May_______ 2,860 3,740 1,040 4,110 14,300 9,900 *3,500 *1,200 3,140 3,830 3,330
June_______ 1,480 1,830 684 1,570 4,250 4,630 3,720 *500 940 1,970 2,150
July _______ 481 595 303 658 1,380 1,920 1,340 114 233 . 726 615
August, ____ 196 210 112 151 435 849 586 46 133 322 242
September __ 162 158 152 165 256 496 270 209 135 417 210

----- - - - ------ - - - - -- - - ---
Tolal s ___ 24,600 15,200 9,040 38,000 34,000 87,000 29,846 11,011 18,447 27,317 21,910

"Records incomplete; discharge estimated by comparison with Main Tule River in connectionwith these invest iga­
tions.

Summary for Enti re T ule River Drainage Area .
A summary of the run-off for the different parts of the Tule. River

draina ge ar ea gives a t ota l est imate d long time mean annual run-off of
137,000 acr e-feet with a minimum of 36,000 acre-feet an d a miximurn of
439,000 acre -feet . F or the th irty-two years covered by the records and
est imates, there are th ree years in which t he run-off exceeds twice the
mean. Th e run-off in each of the last four year s has been less th an
normal , the average for t he four years being 59 per cent of normal .
'I'his is th e longest per iod during the thirty-t wo years in which no year '
had a run-off at least equa l to the mean .

Run-off of Small er Drainage Areas in Tulare County.
In addit ion to K aweah . and 'rule rivers th er e are Deer and White

creeks and various other small drainage areas whi ch discharge their
run-off in to the valley por t ion of Tulare County. Except for Deer and
'White creeks the discharge of these st reams has not been measure d.
In order to make an .estimate of the tota l water sup ply of th e area some
bas is of est imat ing the discharge of such drainage areas is r equired.

The method used has consisted of an est imate of the precipitat ion at
differ ent elevat ions on each drainage area with an est imate of the run­
off r esulting f rom such p recip itation. ' Th e details of the method are
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discussed in Bulletin 9 of this office ent itled " 'Water Resources of
Kern River and Adjacent Streams and Their Utilization." Th e
curves used for Tulare County arc as shown in F igs. 2 an d 3.

Most of the precipitation records available are for relative low ele­
vations. Precipitati on in creases with elevation ; the rate at which such
increase occurs appears to be as in dicated in F ig. 2, based on such
records as are available.

Th e relationship of rainfall and r un-off as shown in Fig. 3 is also
based on such records as arc available. Th e curves for drainage areas
for which the discharge has been measured were developed by trial.
The curves for unmeasured areas were then est imated by comparison
of the characte r of t he drainage areas.
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Whil e such a method of est imat ion can not be exact it is thought to
repr esent the probable run-off within reasonable limits. The figures
given are th ought to be fully as large as the actual run-off.

Deer Cree k.
There is a record for the upper 17 mil es of drainage area at Hot

Springs from 1911 to date, one for 15 square miles on Tyler Creek for
1911-13 and one for 1919 to date for 76 square miles of drainage as
secured by J lr. Irving Althouse, engineer for the Ter ra Bella Irrigation
District.
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'I'he Tyler Creek records are classed as poor by the U. S. Geological
Survey. Th e Hot Spr ings record on Deer Creek is generally fairly
consist ent ; the 1920-21 record, however , ap pear s excessive in com­
parison with oth er adj acent streams. 'I'he elevat ion, rainfall, and run­
off r elationships were developed for Deer Creek above H ot Springs as
shown in Figs. 2' and 3. These agr ee fa irly well with the records.
Th ese curves .were used for estimat ing th e long time run-off of the
remaini ng upper drainage area on 'l'yler Creek. For t he drainage
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area below Hot Spr ings the ra infall run-off records for' plains ' condi­
tions was used. From th e parts, the run-off of the total drainage area
was computed giving th e curve shown in F ig. 4.

Th e run-off curve for the entire Deer Cr eek drainage area given in
F ig. 4 gives results averagin g about 18 per cent greater for 1920 and
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]921 than the measurements mad e by the Terra Bella Irrigation Dis ­
trict . Th e conditions in both of these years were such as to produce
probably less than the average r un -off from the precip itation. 'I'he
run-off curve used ap pears, however, to give results as great , if not
somewhat greate r , than would probably be shown by a long direct
record of run-off.
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The precipi tat ion for th e years of r ecord was used with the Deer
Creek curve given in ' Fig. 4 to est imate th e Deer Creek run-off for each
year . For the t hirty-two years since 1890 this gives an estimated
mean annual run-off of 19,000 acre-feet with a max imum of 50,000
acre-feet and .a minimum of 5000 acr e-feet .

A second est imate of t he run- off of Deer Creek was prepared by
comparison with the South Fork of 'I'ule Riv er . The comparison of the
drainage areas is shown in the following table.

Square mfles of drainage area

Elevatlon of drainage, acre-feat
South Fork of

Tule River Deer Creek

Below 2,000___ _________ ____ ________________ ______________ 4 41
2,000 to 3,000__________ ___ ________ _______ ____ ________ __ ___ 8 15
3,000 to 4,000_____________________________________________ 20 21
4,000 to 5,000____ _______ ___________ ________ ____ _________ __ 15 . 12
5,000 to 6,000_____________________ __ ______ ___ __ __________ _ 12 10
Over 6,000 - - - - - -- - - -- - - ---- - - -- - - - - - --- - - - - - - - -- - - - - - - --- 17 11

'1'0 t aIs___ ___ __ _______ ____: ______ ______ ____ ____ ___ ____ 76 110

To tal above 2,000___ ___ ________________ _____"'- __ 72 69

Some of the South Fork drainage area exceeds 8000 feet in altit ude.
While th e total areas above 2000 feet elevation are closely simila r, the
South F ork has 44 squa re miles over 4000 feet elevation as compared
with 33 square miles for Deer Creek. 'I'he rainfall curves, F ig. 2,
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indicate that the South Fork will receive about one-eighth more preeipi­
tation than Deer Creek du e to its location farther north.

'I'he r ecorded run-off of South F ork of 'I'ule River for 1920 and 1921
is 27,300 and 21,900 acr e-feet. The measured run-off of Deer Creek
was 14,100 and 11,400 acre-feet for these years. This equals 52 per
cent of the estimated run-off of South Fork in each of the two years.
Th e percentage r ela tionship may vary in years of excessive r ainfall.

.Usin g this ' percentage, the estimated mean annual run-off of 29,000
acre-feet on South F'ork of 'r ule River would indicate a mean annual
run-off of about 15,000 acr e-feet on Deer Cr eek.

Both methods of est imat ion involve elements of uncertainty. The
conc lusion ap pears warranted, however, that the average run-off ' of
Deer Creek does not exceed 19,000 acre-feet per year and that this
estimate is more liable to be above rather than below the actual run-off'.

White Creek.
Measurements of the discharge of the upper 21 square mil es of the

drainage area of 'White Creek were made in 1911-13. The records
give a smaller run-off than would be exp ected from the rainfall and
run-off' curves for low hills area. The rainfall run-off curve has been
nsed as the r ecords ar e subject to some uncertainty as to their accuracy.
For the remainder of the drainage area the run-off has been est imat ed,
using th e rainfall run-off curve for the pl ain s area. The resulting
cur ves ar e shown in Figs. 2, 3 and 4.

The est imate d mean annual run-off' for the 77 square miles below the
gaging stat ion is 2500 acr e-feet and that for the area above the gaging
stat ion is 3800 acre-feet, a t otal for the whol e stream of 6300 acre-feet.
All of this run-off can be considere d as r eaching the ground water as
the flow is absorbed from the creek channel, the distance to whi ch the
fiow r each es varying with the run-off in differ ent years. The est imated
total run-off varie s f rom 1500 to 2G,000 acre-feet in different years.
Th e estimated aver age run-off for the five yea r s 1917 t o 1921 is 4000
acre-feet.

White Cre ek drains a narrow strip of area extending directly back
to th e divide of the Kern River drainage area. It does not extend
along this divide t o th e same extent as Deer Cr eek and consequent ly
ha s a smaller drainage area at the hi gher elevations. The r un-off of
'White Creek ap pears to be less, relatively , than that of Deer Creek.

In ] 921, the rains in May r esulted in flow as far as the Southern
P acific Railroad sou th of Ducor, a discharge of 12 second-feet being
used in irri gati ng grain at that point on May 2'3. Th e fiow rapidly
decr eased and r eceded up the cr eek channel within it few davs. Th e
fiow at th e east line of township 27 east began early in May ~nd con­
tinued at a general average of about four second -feet until th e middle
of June. About two miles further upstream th e flow began earlv in
April and cont inue d to the end of June. In 1909 it is stated "that
water r eached the east line of township 24 east. In 1919, the water
is r eported to hav e r eached Sec. 7, T. 24 S., R. 26 E., and in 1920, Sec.
] 1, '1'. 24 S., R. 26 E. 'r he channel in this portion of its length has
been eroded into th e older sedimen ts and ha s not built a more r ecent
delta until th e areas fur th er west are r eached.
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RUN-OFF OF MINOR DRAINAGE AR EAS IN TULARE COUNTY.

In this discussion are in cluded th e small strea ms and the portions of
the main streams below the gaging stations. While small in amount
and uncer tain in occurrence some at tempt t o est imate quantitatively the
run-off of these drainage areas appears to be desirable. Such an est i­
mate is difficult to mak e du e to the absence of direct r ecords. 'I'he
est imates given are tho se for th e total quantity of water which would
be expected to be discharged f rom each area. In some cases locations

PL ATE II, Figure A. Ge ne r a l V iew of Dra inage Area of Yokohl Creek.

PLATE II, F ig ure B. Co ncrete F'Iume of L in dsa y-Stra t h m ore Irriga ti on D is tric t.
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for measuring the qua ntit ies given probably would be difficult to find
lis the chann els probably lose water within th e drainage areas. Th e
figures given are the total amount of water which it is est imated the
drainage areas contribute to the ground water or to direct diversion .
While there is no basis for testing the accuracy of the est imates it is
t hought that they are grea ter rather than less than th e actual r un-oft'.

The smaller drainage areas were taken from th e 1919 Forest Serv ice
map of th e Sequoia National Forest, having a scale of one-fourth inch
to the mil e. This map shows streams but not elevat ions. As far as
the area covered permitted th ese wer e checked by the Kaweah and
'I'ehipite U. S. G. S. qu adrangle sheets. The est imate of the area in
each thousand feet of elevat ion was made f rom the U. S. G. S. sheet
where availab le and by general est imate for the r emainder . The lower
limi t of the area. contributing any run-oft' is indefini te, the areas given
exte nd down to elevations of 500 to 600 fe et for most of the st reams.
Run-off from areas below 2000 feet elevat ion is practically negli gibl e in
amount except in years of excessive precipitation.

Th e drainage areas are give n in Tabl e 5.
'I'ho est ima te d precipi ta t ion was taken for the different elevat ions

f rom the prec ipitation an d elevat ion cur ves shown in F ig. 2. 'I'he est i­
mated run-off was taken from th e rainfall run-off curves shown in
F ig. 3. The ' plains' curve was used for the lower drainage areas modi­
tied somewhat to ta ke into account local factors in the probable varia­
tion of rainfall with elevat ion. Th e curves showing th e res ult ing
relation between th e est imated run-off and the rainfall in per cent Of
normal are shown in Fig. 4. Th ese curves are used wit h the precipi ­
tation for each year to give the est imate d t otal run-off fGr that yea r .
The resulting mean annual run-off is shown in Table 6.

TABLE 5.

Drainage Areas of Fool Hills Streams, Tula re County .

Strea m

Sand and Storey creeks cast of OrosL­
Cot tonwood Creek above Woodlake __

Limekiln Creek _

Greasy Creck and Kaweah River on
nort h side below Three Rivers _

Kaweah Fiver on south side below
Three Rivers including Horse Creek,

Yokohl Creek _

Lewis Creek _
Fra zier Valley _
Tule River below Success and South

Fork below gaging statio n _
Deer Creek below Terra Bella Irr iga-

tion district station _
Fountain Springs area _
nag Guleh _

While Creek below gaging slat ion _

Drainage
area. ill
square
miles

50
87

87

15

37
52

32
15

50

27
36

130

77

Elevation of drainage area

All estimated as less than 2000 feet elevation. No map availab le.
Es timated as 57 square miles 2000 to 3000 feet; 10 square miles

3000 to 4000 feet. •
Est imated as 40 square miles under 2000 feet ; 25 square miles 2000

to 3000 feet ; 15 square miles 3000 to 4000 feet; 5 square miles
4000 to 5000 feet; and 2 square miles over 5000 feet.

8 square miles over 2000 feet elevation-maximum, 3500 feet.

Varies from 600 to 3000 feet; 15 square miles over 2000 feet .
27 square miles under 2000 feet ; 12 squa re miles 2000 to 3000 feet;

8 square miles 3000 to 4000 feet ; 5 square miles 4000 to 5000 feet.
5 square miles over 2000 feet; rest down to 700 feet. .
All under 2000 feet.

10 square miles over 2000 feet .

All under 2000 feet .
All under 2000 feet.
72 square miles under 2000 feet; 50 square miles 2000 to 3000 feet;

5 square miles 3000 to 4000 feet ; 3 square miles over 4000 feet.
49 square miles under 2000 feet; 25 square miles 2000 to 3000 feel;

3 square miles 3000 to 4000 feet.
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F or all drain age areas shown the est imated mean annual run-off is
39,000 acr e-feet fo r the 700 squa re miles in cluded . Of this about one­
third is into Kaweah Ri ver below th e Three Rivers gag ing station, the
largest part of this coming from Limekiln Creek whi ch has some drain­
age area of 6000 feet elevat ion in Grouse Meadows. Th e upper por­
t ions of the drainage area of Limekiln Creek should have. a r ate of
run-off similar to areas of equal elevation on the North F'ork of the
Kaw eah . Cottonwood Cr eek ha s a d rainage area similar in size to that
of Limekiln Creek but of lower average elevat ion. The general
topogr aphy is somewha t less rugged and a smaller rate of run-off is to
be expec ted. 'I'his is indicated by conditions in 1920-21 when Limekiln
Creek flowed during the winter and du ring th e rain in May, 1921, while
no surface flow r eached the lower por ti ons of Cottonwood Creek during
this peri od.

'I'he other lower tributaries of th e Kaw eah Riv er are small and of
limited discharge, flowin g only after fairly heavy sto r ms.

Yokohl Cr eek, while it ma y be considere d as a tributary to Kaweah
River , enter s th e valley lands before reaching th e river and is prac­
ti cally a separate stream. 'I'he upper portion of the drainage area is
fa irly rugged with some bare gra nite, the lower hills are .rounded and
th ere ar e bottom areas along th e creek in whi ch th e flow may be largely
absorbed. In some por tio ns willows an d, grass indicate some ground
water supply . Th e upper one-half of th e dra inage ar ea probabl y sup­
plies over three-fou r ths of the run-off. The total run- off appears to
reach the gro un d water along its course or in the adjacent areas in the
valley.

TABLE 6.

Estimated Run-off of Minor Drainage Areas in Tulare County.

. -
Estimated

Dra inage Estimated mean an nual
Drainage area area, mean an nua l runoff, acre-

square miles runoff tota l, feet per
acre-feet square mile

Sand and Storey creeks __________________________________________ 50 3,000 60Cottonwood Creek_____ _______ ______ ___________________ ___ ______ 87 7,000 80
Kaweah River below gaging station, including Limekiln Creek________ 142 13,000 - 92Yokohl Creek___________________ _ ____ _, _________ _____________ 55 4,000 73Lewis Creek__ ________ ______________________________________ ____ 22 1,500 68FrazierValley__________________________________________________ 22 500 23
Tule River belowgaging stations______ ____ _______________ ______ __ 57 2,000 35Dear Creek belowgaging stat ion___ ___________ ____________________ 27 800 30Fountain Springs___________ ____ _________ _______________________ 36 1,000 28
White Creek belowgagingstat ion__ ___ 77 2.500 32
Hag Gulch____ __________ ____________~ ~ ~...: ~ : :::::: : ::: : : : : : : : : 130 3,500 27

Totals__________ _______ _________ ___________________________ 705 38,800 55

Lewis Creek has a small drainage area, all of which is less than 3000
feet in elevation. 'I'here is a dam with wells on this creek, the water '
being taken to lower lands. Th e lands serve d are now a part of tho
Lindsay-St rat hmore Irrigati on District . Lewis Cree k is r eported to
flow only followi ng r elat ively heavy r ains such as storms giving a
precipitation of t wo inches or over.

3-2 1044
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Frazier Valley and Fountain Springs areas are broad, fiat land f rom
whi ch thc surface run-off is negligib le in amount but in which ther e
may be minor absorpti on in th e channels of local wash es.

The lower Tule River areas are large ly on the South Fork below the
gag ing stat ion. The est imate used indicates that such r un -off is less
than 2 per cent of that measu red at t he gaging st ations .

Deer Creek below the gag ing station is a low area whi ch probably
contr ibutes run-off only at ti mes of excessive precipitation . Th e
average am ount may be as est ima ted .

'White Creek below t he gaging station is a roll ing area two-th ir ds of
which is below 2000 feet elevatio n. An er r at ic r un-off of about the
amount given is to be expected.

Rag GUlch has a ra ther extensive rolli ng drain age area of generally
low elevation . In ma ny years its run-off does not r each th e valley as
surface flow, Thi s drainage is the only definite area tributary to th e
lands alon g the Tula r e-Ker n County line and its uncertain and

. limited discharge in dicates the lack of direct sources of ground water
re plen ishment in this area,

T OTAL WATER SUPPLY F R O M DRAINAGE AREAS DI SCHARGING
INTO TULARE COUNT Y.

The proceeding discussions of th e run-off of each drainage area may
be summarized as follows :

T otal Mean Annual Run -off of Drainage Areas Dis c ha rg in g Into T u la re County.

a .ream s from North to South

Sand and Stor ey Creeks _
Co t tonwo od Creek : _
Kaw eah Ri ve r, entire dra inage area _
Yokohl Creek ~ _
Lewis Cre ek _
F razie r Va l ley _
Tule River, enti r e dra in age area _
Deer Creek _
F oun tain Springs _
Wh it e Cr ee k _
Hag Guleh, _

C!'o t a I _

Acre -teet

3,000
7,()()()

451,()()()
4,000
1,500

5!JO
137,()()()
18,900
1,000
6,3(jO
3,500

633,700

Th e total given, 634,000 acre-fee t, r epresents the total water supply
whi ch, f rom th e data now availab le, appears to be the 'mean annual
water supply from these areas. Th e records are considered adequate
to f urnish a basis for determining with practi cal accuracy t he act ual
run-off. It is not probable th at longer periods of measurement will
show mean discharges mater ially diff erent f rom the figure given. The
total r epresents the water . which is ava ilab le for use in the portions of

. Tul ar e County dep endent on this snpply for their irr igation. Not aU
of this discharge is now used or can be used due to variations in its
amount in differ ent years. It is not evenly distributed over the areas
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requiring ir rigation. Its utilization dep ends on the detailed conditions
for storing in reser voirs, diversion by canals, or absorption as ground
water all of whi ch varv with differ ent streams. 'I'he utilization of
these water supplies is discussed separately for the areas dependent on
the sepa rate sources of supply .

As later discussed the average surface outfl ow of th e K aweah River
is estimated to be 70,000 acr e-feet pel' year and of the 'rule River 17,000
acre-f eet per year. Deducting th ese amounts from the total inflow of
6:i4,000 acre-feet gives a 'mean annual water supply under present eon­
ditions of development for the lands depend ent on th ese water Sli ppli es
of 547,000 acre-feet.

SURFACE OUTFLOW FROM VALLEY AREAS.

The preceding discussions have covered the water supply enter ing
the irrigable areas covered by this report. Not all of such flow is
retained within the area. At t imes of flood a part of the run-off passes
across the valley areas and enters 'I'ulare Lake. Th e following discus­
sion relates to the surface flow which passes across th e valley areas.
Questions regarding th e escape from these areas of ground water sup­
plies are discussed later in Chapter IV.

Of th e streams ente ring the vall ey lands in Tulare County only.
Kaweah and Tule r ivers contribute any material flow to Tulare Lake.
While no dir ect records for Deer an d W hite creeks are ava ilable fo r
flood years the in di rect data does not indicate that any such excess
run-off r eaches Tulare Lake. Th e record s available on Kaweah and
'r ule River covel' the seasons of 1916, 1917, 1920 and 1921.

Outflow from Kaweah Delta.
Excess run-off f rom Ka weah River may reach Tulare Lake through

two groups of channels. Th e flow of the r iver is divided at McKa y
Point between th e St. Johns and Kaweah rivers. Water flowing
through St. Johns River without being diver ted enters Cross Creek near
Goshen and finally r eaches Tulare Lake. Water not div erted from th e
Kaweah Riv er channels may rea ch Tu lare Lake by either entering
Cross Creek or by ming ling with Tule River water in E lk Bayou .
Outflow from the delt a occurs more genera lly through Cross Creek than
through Elk Bayou. Th e latt er flow is usually small in amount except
in years of excessive run-off.

Water rea ching Cross Creek may be used by diversion into lower
canals before reaching Tu lare Lake. Su ch div ersions, however, are out­
side the area covered by these invest igations, and do not affect what is
regarded as th e delta of Kaweah River .

Records of th e outflow of Kaw eah and Tu le r ivers were kept in 1916
by the State Department of Engin eering. T he Kaw eah River records
were secured near th e entr ance of Cross Creek into Tu lare Lake and
do not includ e diversions from Cross Cr eek. Th e conditions for meas­
urement were somewhat unf avorabl e. Th e records for the winter flow
are incomplete. 'l'he records for Tule River were secured at the rail­
road crossing ncar Turnbull and ar e probably reasonably accurate.
The actual records with th e estimated div ision of th e Tule River
records between the two sources of it s supply are given in Table 7.
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TABLE 7.

Records of Outflow of Kaweah and Tule Rivers in 1916, with Estimated Division of Flow Between Kaweah and Tule
Rivers.

Months in 1916

- - --- -1--- - ---- - - -------- - - - - - - - -
January 45,800 94,100 38,300 79,800 45,800 49 48 48,000 41,500
February __ 29,000 61,600 34,500 45,700 7,500 36,500 59 59 25,000 18,700
MarcIL __________ 50,800 108,000 53,100 70,600 8,100 58,900 55 64 49,000 25,600
ApriL___________ 27,600 127,000 4,860 51,700 2,400 30,000 24 5 97,000 49,200
May 26,000 145,000 3,000 43,100 3,000 29,000 20 116,000 43,100
June_____________ 22,800 131,000 270 23,130 300 23,100 18 108,000 23.100
July______________ 10,500 59,000 8,130 10,500 17 49,000 8,100

- - - ------ - - - - ----- ----------
Totals 212,500 725,700 134,030 322,160 21,300 233,800 32 35 492,000 209,300

A compa rison of th ese records for outflow from the Kaweah Delta in
January with the inflow at Th ree Riv ers shows th at the outflow equals
the inflow in excess of 1200 second-feet; that is, th e inflow over 1200
second-feet on 14 days of the month is equal to th e volume of the out­
flow. This is equivalent to sayin g t hat inflow up to 1200 second-f eet
was retained in January and that an y excess pass ed acro ss the delta.
A similar compa ri son fo r F ebru ary indicated that all inflow in excess
of 450 secon d-feet appeared as outflow. Th e smaller amount retained
in February can be accounted ' for by the heavy precipitati on and
January use sa tisfying the water requirements so that smaller diversions
were made. For March th e simila r figures indicated that th e outflow
equaled the inflow in excess of 800 second-fee t, for April, 1600 second­
fe et ; for May, 1900 second-feet ; for June, 1800 second-feet; and for
July, 900 second-f eet . The actual outflow during July is thought to
ha ve been delayed flow front June rath er tha n direct outflow of July
run-off. -

Th e flow in Cross Creek at the bridge on the ma in Hanford road was
measured by 1\11'. H . H. H olley dur ing 1!J17. '1'he record has been made
avai lable for usc in thi s r eport. 'I'ho measurements give directly the
actual outflow from the Kaweah Delta below the Lakesid e Cana l. The
records cover May and June. In May the discharg e was 5000 acre-feet
and in June 21,930 acre-feet. 'I'he outflow in May equalled the flow
at Three Rivers in excess of 1800 second-feet, in June, in excess of 1750
second-feet. In 1917, the run-off' was equa l to about the average for
the Kaweah River.

No direct. r ecords are availabl e for 1918 'an d 1919. Indirect data
indicates that there was little if any outflow in th ose years. Th e inflow
was less than normal.

In 1920 water from Kings River was diverted into Cross Creek
through the Lake Lands cana l. A record of th e diversions of the
Corcoran Distr-ict was secured under the dir ection of Mr. Max Ender­
lein . Th e difference between the Kings River diversion of the Lake
Lands cana l and of the diversions of the Corcoran District is considered
to be Kaweah River ' wat er . On this basis in May the Kaweah River
outflow would have been approximately equ al to the flow at Three
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Rivers in excess of 2400 second-feet . In June the outflow would have
been equal to the flow at Three Rivers in excess of 1700 second-fee t .

In 1921, beginning on J anuary 11, a record was secured of the flow
of Cross Cr eek at th e Hanford road bridge. An au tomatic r egist er was
used an d sufficient current meter gagings obtained to give a fa irly
dependable r ecord. 'I'he discharge from J anuary to April was du e to
local seepage, waste from irrigation or run-off from storms. Th e
records of the diversi on of th e Lake Lands cana l wer e obt ain ed from
Mr. Chas. L. Kaupke, water commissioner on Kings River. Th e full
amount diverted has been dedu cted from th e Cross Creek record t o give
the estimated Kaweah Riv er outfl ow through Cross Creek. Th e losses
in the Lake Lands canal between its head and Cross Creek are consid­
ered to be balanced by th e inflow.

Diversion bv th e Lake Lands can al ended J un e 17. After this dat e
the flow in C; oss Creek was small and decreasing and represents local
wast e rather than discharge in Kaweah Ri ver in excess of th e diversions.

TABLE 8.

Records of Outflow of Kaweah Delta Through Cross Creek at Hanford H ighw~y Bridge, Season of 1921.

Rates of flow in second-feet .
-Discharge April May June Discharge

of of
Excess CrossDate Cross Creek ofCross Kaweah CreekLake Lake Lake Creek River

Cross Lands Cross Lands Cross Lands over at
Creek Cana l Creek Cana l Creek Canal Lake Three

Jan. Feb. Mar. Lands Rivers
Cana l July Aug.

- - - - ------------------ ----
1. .. . ... . . . . . . - - - --- ' 3 .2 5 .2 12.0 - - ---- 390 395 25 64 -- ------ 1,260 12.6 2.2
2..... . ... . . .. -- - --- p,4 5.0 10.2 --- --- 390 344 25 65 -- --- - -- 1,400 11.7 2 .0
3. .. . .. . .. . ... - - ---- 2 .6 4 .0 7.8 --- --- 162 32 25 64 -- -- ---- 1,260 10.8 1.7
1. .. .. ... . . ___ -- _. . - 2. 2 3 .3 6 .8 -- - - - - 36.2 26 21 62 - - - - -- -- 1,400 10.8 1.5
5. _. __________

-. - -- - 2.0 3 .3 33 .2 -- - - -- 21. 2 25 21 67 ------ -- 1,660 9.7 1.2
6...._______. _ -.- --- 1.8 3.3 57.0 --- -- - 21 23 174 282 ---- -- -- 1,880 8 .8 1.0
7...._________

- - - --- 1. 8 3,4 21.0 -- - --- 17.2 22 354 364 - ---- -- - 2,260 8.3 ----. -8....______ ___
- - - - - - 2.7 3.6 11.7 --- -- - 17.2 21 478 464 14 2,380 7.8 --._ - -

9. . . _______. _. ------ 2,4 3 .7 9.0 - ----- 17 20 582 467 115 2,380 7.6 ---- - -
10... _____.....

-- jj' 2. 1 3 .7 8. 5 - ----- 13 .4 19 634 339 295 2,450 6 .8 -._- - -ll _____ __ __.. .. 2 .2 3 .7 8 .3 - - ---- 13 .4 19 674 '496 178 2,320 6.2 -- --- -
12____ ________ . 1. 2 2 .6 4 .2 8 .3 ------ 13..5 17 674 ' 503 171 2,120 6.2 ----- -13_: ___________ 1.2 3 .0 4 .7 9 .0 -- -- -- 13 .5 99 660 ' 440 220 1,820 6.2 -- - -- -14____________ . 1 2 4 .0 5.5 9 .0 -- - --- 255 28-1 *460 291 169 1,660 6.4 -- --- -
15. _______ ._._. 1.1 5 .2 7,4 9 .2 --- --- 330 '3 36 '3 00 246 54 1,400 6.4 -- - - --16________ . ____ 1. 0 5 .8 9.0 9.0 - - - -- - 394 ' 373 '3 00 250 50 1,080 6 .2 ----- -17_________ ____ 1.1 4 .2 6.4 5 .9 --- --- 390 '2 86 ' 150 113 37 996 6 .2 - - - - - -
18_____ __ ______ 1.4 3 .7 5 .4 7.8 -- --- - 231 115 '80 5 75 900 6. 2 ----- -19_____ ________ 1. 2 3 .3 5 .3 8 .6 - -- --- 41 17 *40 4 36 932 6.2 ----- -20_________ ___ . 1. 2 3 .2 5 .2 7.4 ----- - 30.5 13 '20 2 18 1,0BO 5.5 dry
21. . ________ ___ 2.0 3 .2 5,4 7.2 - --- -- 30.5 12 20 1 ----- -- - 1,200 4 .8 -- --- -
22__. ______ ____ 3 .7 3 .1 5.8 5.0 - ----- '30 .5 14 22 1 ------- - 1,290 4 .0 ---- --23____ . ________ 3 .7 3 .3 6.4 3 .8 - - - - - - ' 30. 5 14 28 - - - - - - --- ---- - - ------- 3 .6 - - - - - -24__. __________ 2.8 6.6 6.4 3 .6 -- ---- '30 .5 15 33 .5 ---- -- --- ---- - -- ---- -- 5 .5 --- - --25_____ ________ 2 .5 7.6 6.6 3.6 -- - --- '3 0.5 14 27.2 - - - - - - ----- - -- -- ------ 3 .5 -- -- --26_____________ 2.0 7 .8 6.6 4 .1 - - - --- 30.5 14 20 ------ - - --- --- -- - --- -- 3.4 -- --- -27. ____ ________ 1. 8 7.4 6 .6 3.6 - - - - - - 36 15 15 .1 - - - - - - --- ----- -- ------ 3 .2 -- -- --28___ ______ ____ 1. 8 6.2 6.4 3 .2 *52 101.6 126 13 .2 -- --- - -------- -- -- -- -- 3. 0 ----- -29_________ ____ 3.6 - - ---- 6.4 3 .2 ' I ll 318 245 12.6 - -- - -- -------- - -- - - . - - 2.6 - - - - - -30_______ ______ 4. 2 -- - - - - 7.8 30.5 ' 179 294 151 12.6 ----- - - -----.- -- --- --- 2.4 --- - --31. ______. _____ 3.6 - ----- 12 .3 ---- -- -- ---- 80 65 - - - --- ----- - - ---- --- --- . _- -- 2.4 -.--- -

--- - - - - - -------- - - --- ----- - -
Total inacre-

fecl. ______ 86 211 341 845 678 7,550 6,450 11700 8,930 2,770 ---- -- -- 390 -.-- - -

Assumed flowin
Cross Creek
from Kaweah
River. inacre-
Ieet ,; ____ ____ 86 211 341 167 - --- -- 1,100 --- -- - 2,770 - - - - - - -- - - - - - - - - - - - -- - 390 -- - - - -

Total discharge considered to come from Kaweah River for season, 5065 acre-feet.

'Record incomplete; figures used estimated.
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The monthly summary for 1921 is shown in 'I'able 8. The outflow
from the Kaweah River was about equal to the flow at Three Rivers in
excess of 1800 second -feet in May and in excess of 2050 second-feet in
June.

Gaging stat ions were also established in 1921 for th e measurement of
any outflow from E lk Bayou and 'rule River. 'I'he dis charge from E lk
Bayou varied from a very small amount up to a maximum of 2 second­
f eet during th e period January 12 to August 1, 1921. No uncontrolled
flood wat ers passed th e stat ion. Th e flow at .the gaging station dis ap ­
peared by seepage from one to three mil es below th e sta tion. State ­
ments secured from tho se adjacent to th e cha nnel indicate that no flood
flow has occurred since 1917.

'I'he water leaving th e Kaw eah D elta as surface flow represents a
portion of the run-off of this st ream not now diverted and consequently
ava ilable for use by new canals except as subject to diversion rights
below th e points of measurement. Th e run-off of t hese st reams which
does not r each the points of outflow measurement represents some
characte r of present ·use. Th e amount and conditions of th e occurrence
of outflow are important in r elation to possible extensions of th e use of
th ese st reams and an estimate of th eir amoun t in vea l'S oth er than those
eover~d by direct records is desirable. Such an extension has been mad e
by usin g th e estimates of the rates of flow at Three Rivers whi ch will
produce outflow in the different months as obt ain ed from the year s for
whi ch r ecords of outflow are available and consider ing that any flow
at 'l'hree Rivers in excess of th ese quantities will appear at outflow .

A comparison of th e daily dis charges at Three Rivers and th e outflow
in 1916, 1917, 1920 and 1921 as previously given indicat ed that the
outflow to be expected would be equal to the total flow at Three Ri vers
in excess of th e amounts given in Tabl e 9.

TABLE 9.

Estimated Outflow from Kaweah Delta.

Outflow to be expected equals th e daily
dischar ge of Kaweah River at Thr ee

Rivers in excess of the following amounts.

Months

January _
February _
March _
April. ; - - _
May _
June · _
Jul y _

When previou s
month has had a
discharge above

normal.
second-feet

450
800

1,600
1,900
1,800

900

When previous
month has had a

discharge not
exceedingthe normal,

seeond-feet

1,200
1.200
1,500
1,800
1,900
1,900

all used

Th e schedule given in Table 9 is not exact and was not exact ly
applied as floods of one or two days duration wer e not considered to
result in outflow. Th e smaller amount r etained on the Kaweah Delta
after continued periods of above avera ge run-off is t o be expected,
parti cularly during winter an d spring months when the demands for
use are more easily sati sfied.
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The daily discharges at Thr ee Rivers were examined and the excesses
above the amoun ts give n in Table 9 computed. The result, are given
in Table 10. The average for th e 18 year period is 72,000 acre-feet
per year. For the sam e period the mean annual dis charge at Three
Rivers has been 455,000 acre -feet or the in dicated mean annual net use
of water on the Kaweah Delta has been 383,000 acre-feet.

TABLE 10.

Estimated Outflow from Kaweah River in Years for which Discharge Record is Available at Three Rivers.

Total discharge at Estimated outflow
Season Three Rivers, total, acre-feet

acre-feet

1903-0L ___________ ____________._______ _______ _____ _______________ 373,000 28,000
1904-05__________________________________________________________ 338.000 2,000
1905-06______________ _______________________._____________________ 1.090,000 550,000
1906-07__________________________________________________________ 594,000 80,000
1907-08___________________________________ _______________ ______ __ 253,000
1908-09__________________________________________________________ 800,000 255,0001909-10______ __________________________________________________ __ 410,0001910-11________ ___________________________ _____ _____ _____________ 546,000 56,0001911-12__________________________________________________________ 207,000 4,0001912-13________________________ _______ ___________________________ 221,0001913-14__________________________________________________________ 486,000 33,0001914-15__________________________________________________________ 370,000 14,0001915-16__________________________________________________________ 762.000 234,0001916-17_______________________________________ __________ _________ 471,000 27,0001917-18__________________________________ ________________________ 230,000 -- - - - - --1918-19____________ _________ ________~ __________________________ 289,000 --------1919-20________ _____________ ________________________________ ____: 372,000 9,000
1920-21___________ ________________________________ ____________ ___ 371.000 5,000

Mean for period__ _______________.,_____________ ____________ ____ 455,000 72,000

The character of th e occurrence of th is outflow indicates th e difficulty
of its use as the basis of a r egulated irrigated su pply . For the 18 years
of record, in five years the estimate shows no outflow, in four years it
was less than 10,000 acre-feet; in four years it was between 10,000 and
50,000 acre-feet; and in th e five r emaining years it was 56,000, 80,000,
234,000, 255,000 and 550,000 acre-feet. Of th e total estimated outflow
for th e f ull 18 year period, 80 per cent occurred in the three years of
largest run-off. .

Estimates for the years 1889 to 1904 based on th e est imated total
discharge for those years, ga.ve an estimated mean annual out flow for
that period of 31,000 acre -feet . As previously given the est imated total
annual discharge at-Thre e Rivers for the ear lie r p eriod is less than the
measured discharge since 1903 and the outflow would also be less.
For th e full 32 year period the estimated mean annual outflow would
be 55,000 acre-feet .

Out flow from the T ule Riv er .
The records of water r eaching Tulare Lake from 'rule River are not

as complete or definite as tho se f or Kaweah River. The division of the
flow measured in th e lower 'rule River in 1916 betw een its estimated
source in Elk Bayou or 'I'ul e Ri ver has been given in Table 7. The
run-off of 'I'ule River in 1920 and 192.1 was not sufficient to cause any
measurable outflow.

On th e basis of the 1916 data it has been assumed th at the 'I'ule Delta
will retain 40.000 acre-feet of total r un-off in the first winter month of
large discharge and 20,000 acre feet in th e secon d winter month of lar ge
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flow. In March, f ollowin g a win ter of low run-off 40,000 acr e-fee t
shou ld be r etained or 25,000 acre-feet followin g months of heavy flow.
In April and Mayall discharge u p to 50,000 acre-feet should be
retained. No outflow after May is to be expected.

On the basis of the above genera lizations the probable amounts of
outflow occur r ing in each year since 1890 wer e estimated. Ou tflow
proba bly occurred in 11 years in th e 32-year period. In years when the
total run-off of Tule Ri ver is less tha n 100,000 acre-feet no surface
ou tflow in appreciable amounts would be expected. In years having
discha rges betw een 100,000 acre-feet and the mean ann ua l dis charge of
137,000 acre-feet t he outflow would be limi ted. For yea rs of excess dis­
charge the out flow incr eases rapidly with the in cr ease in total run-off
of th e river.

F or the period of 32 yea rs covered th e est imate d outflo ws are as
follows :

I
Est tmat ed Est lma te d

Year out flow, Year outflow,
acre-feet acre-f eet

1880-90__________________________ as,ODO unO-I L _________________________ 8,000
1893-94. ___ ________. ____________ _ 5,000 1913-14______ ________ _______ _____ 18,000
1905-06____ _____________ ___ _____ _ 188,000 1914-15_________________ __ _______ 2,000
1906-07__________________________ 25,000 1915-16______ ____. ________ _______ 113,000
1008-09____ _____ _____ ____________ 126,000 1916-17___ _______ ____ ____________ 7,000
1909-10. _______. _________________ 5,000

F or the r emannug years no outflow is est imated to have occurred.
For the f ull perio d the mean an nual outflow would be 17,000 acre-fee t.
Of th e total esti mated outflow, 80 per cent occurred in t hree yea rs out
of the 32 years. Th e wide var iations in the amounts and the ir regular
occurrence of such outflows from 'rule River indi cates th e di ffi cul tv of
n til izin g such porti ons of the Tule Riv er run-off as the bas is of 'a ny
regulated dependable water su pp ly . .

Deducting the est imated mean an nua l outflo w of 17.000 acre-feet
hom the estimated mean an nual r un-off of 137.000 acre-feet give a net
mean an nual sup ply of ] 20,000 acre-feet f rom Tulare River under exist ­
ing conditions. This is th e extent of th e av er age annua l wat er supply
available by direct div ersion or hy pumpin g for t he main tenance of the
irrigat ed areas dependent on 'I'u le River run-off for th eir water sup ply.
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Canal Diversions from Kaweah River.

There are abo ut 20 canals now diverting from Kaweah River. Of
these, four , thc Marks and .Rice, Lemon Cove, Merryman and the
Wutchumna divert above McKay Point. At McKay Poi nt th e flow of
the r iver is divided betwee n the St. J ohns and Kaweah r ivers. The
areas served from the two channels are not distinct as some canals
diverting from the St. J ohns serve land lying south of the Keweah
River and some canals receive water from both streams.

There are now in effect certain court decisions under which the ri ghts
of the different ditches have been decreed. Th e present diversion of the
flow is th e result of several decisions and the handli ng of the diversio ns
is not as definite as that practiced on many streams. There is, however ,
a general basis on which the flow at different stages and seasons is
divided .

Of th e dit ches div erting above McKay Po int all except th e
Wutchumna divert on the south side of the river . 'I'he Lemon Cove
canal serves an area of citrus groves near Lemon Cove. The Merryman
ditch extends to the vicinity of Exeter; much of the land served also
receives additional water f rom wells . The Wutchumna ditch serves
areas on the north sid e of the St. Johns River near Woodlake and along
Cottonwood Creek and also has a branch which crosses th e St. Johns
River to serve scat tered areas in the vicinity of Visalia.

At McKay Point a concrete div ision wier has been bu ilt whi ch
controls the division of the flow between the St. Johns and Kaweah
rivers . The flow is divided equally betw een the two channels until,
in the late summer, th e flow falls to 80 second-feet when th e entire
flow is turned down the Kaweah. Later in the season when the flow
has increased to 80 second -feet it is aga in divided equa lly.

The divi sion of th e flow in th e two channels between the various
ditches varies wit h the stage of th e stream. A general schedu le is fol­
lowed und er which th e different ditches divert. The P eoples Consoli­
dated Ditch diverts both for its own use and also for conveyance to
the Elk Bayou ditch th e flow to whi ch the latter may be entitled.

No effor t has been made to det ermine the details of the rights or
practices govern ing th e diversions of th e var ious ditches. All available
<lata relating to actu al diversions has been studied. Th e purpose of
these investigations has been the study of th e water resources and the
extent to whish th eir use may be f easible rather than a study of the
particular titles that may have been acquired to any portions of such
water supplies. No detailed attention has been given to the matters
directly at issue in the litigat ion now in progress between the lower
ditches and the Lindsay-Strathmore Irrigation Distr ict . Th e data col­
lected by both parties to this litigation r elat ing to the general Kaweah
River Delta has been made availab le and ha s been of gr eat value in
these investi gations. No study of the effect of the pumping by the
Lindsay-Strathmore Dist ri ct on th e flow of th e Kaw eah River in .the
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vicinity of t he area pumped has been made as the controversy was
regarded as one over the t itle to the use of a portion of th e available
water supplies rath er than one involving th e total extent of such
supplies.

P I.ATE Tl I , Fig u r e A. D iversion Weir of Tulare Irrigation D istrict.

P lATE LfI , F igur e B . Gaging Station on J enn ings D it ch.
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The records of canal diversions available cover th e seasons of 1917,
1920 an d 1921. Both parties to the present litigation made measure­
ments of the dive rsions during a portion of 1917. More extensive
measurements ha ve been made by Mr. H . II. H olley for th e plaintiffs
during 1920 and 1921 the results of whi ch have been made available.
'I'he r ecords are shown in Tables 11, 12 and 13.

TABLE 11.

Diversion Records of Kaweah River Ditches in 1917. Mean of Records of Plaintiffs and Defendants in Suit of Tulare
Irrigation District et al. vs, Lindsay-Strathmore Irrigatio" District.

Total acre-feet
Ditch

April May June J uly Aug. Tota l
---------------

Peoples Consolidated _____ _________________ __ 14,200 18,750 23,100 8,350 2,500 66,900
Farmers__________________M _ _ _ _ _ __ _ _ __ ___ __ 5.400 8,300 8,100 2,200 100 24.100
Evans.. ____ ________ ___________________. ___ 1,700 1,850 1,950 1,250 450 7,200
Fleming__________________ ___ ______ _____ ___ 600 700 600 450 300 2,650
Persian. ______ ___ _________ _________________ 2,100 2,850 2,350 1,600 400 9,300
Oakes____________ ___ _______ _______ ________ 600 750 650 400 200 2,600
Watson_____ ________ _________ ___________ ___ 1.450 1,500 1,450 1.100 750 6,250
Tulare Irri gat ion Company ____. _____________ 3,250 4,650 3,700 2,350 - ---- -. - -- 13,950
Tulare Irrigation District. ____________

c
___ ___ 12,100 25,800 22,100 2,300 --- -- -. - - - 62,300Jennings__ ____________ ___________. _______ __ 700 700 700 500 . - - - - -. - - - 2,600Matthews___________ ____ ___ ________________ 1,000 1,200 1,100 1,150 250 4,700Modoc______________________________ ______ 2,700 2,550 2,400 1,900 - ---- -- -- - 9,550

UphiIL ______________ ____ ___ _______ : _____ _ 1,500 1,100 1,400 1,100 ---------- 5,100
Packwood___________________c __ _____ __ _ _ ___

!
900 6,750 8,400 100 --- ---- -- - 16,150

Lakeside__________________________ _________ 9,050 12,100 12,600 3,300 ----- ----- 37,050._-- - ----- - ----- - - -Totals__ ________________~ ______________ 57,250 89,550 90,600 28,050 4,950 270,400

Plaintiffs' record of river at McKay Point. _____ . 70,780 92,910 111,770 28,940 6,980 311,380
Cross Creek outflow___ ______ ______ _____ _____ ---------- 5,000 21,930 --- ---- -- - - -- -- -. --- 26,930
Indicated unmeasured diversions and river .

channel seepagc___________ _______________ 13,530 - 1,640 - 760 890 2,030 14,050
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TABLE 12.

Divers ion Records for Kaweah River Ditches for 1920. Records of H. H. Holley.

TOUlIacre-feet diverted
Ditch

Ma r. Apr il May Ju ne July Aug. TOUlI
--- ------ - - - - - - - - -

Diversions above McKay Point-
' 123 ' 238 ' 246 '238 ' 246 ' 246 1.337Marks a nd Rice _____________________________

Lemo n Cove ________________________________ '215 '415 ' 430 *415 '430 ' 430 2.335
Merryman__________________________________ *185 *535 *645 '685 *555 ' 545 1,350
Wutchumna ____ _____________________________ 3,550 5,020 5,900 6,950 2,960 990 25,370

--- - - - - - - - -- - - - - - - ---
Total s___________ _______________________ 4,073 6,208 7,221 8,288 4,191 2,211 32,192

Divers ions below MoKay Point -
Peop les Consolidated_____________________: ___ 8,450 - 10,760 22,660 16,330 6,180 1,310 65,690
Farm ers______ 1,680 7,350 10,310 7,320 190 -------- 26,850
Evans___________~ ~ =======.:.: == =. : ==. : ==== 1180 1,290 1,640 1,330 1,080 90 6,610Fleming ____________________________________ '240 730 760 580 450 20 2,780
Persian _______________________ 130 1,150 1,470 1,350 320 -------- 4,420
Oakes _________________________: : : : : : : : : : : :: 30 300 820 540 340 10 2,040Wat son. , , _ __________ ___________ __________ _ 1,170 1,300 1,630 1,330 1,080 90 6,600
Tul are Irriga t ion Compa ny ___________________ 340 1,830 3,660 3,400 420 -------- 9,650
Tulare Irrigat ion District- _____ _______________ 1,200 4,100 16,400 11,690 -------- - ------- 33.390

. Je nnings____ ___________ _____________________ 190 1.060 1,400 1,400 630 -------- 4,680
Ma tthews___ ________________________________ 1,010 1,200 1.450 1,320 850 -------- 5,830Mod oc_____________________________________ 1,230 2,670 2.930 2,200 960 -------- 9,990Uphill. , ______ _____ ____ _____ _____ ____ __ ____., 210 970 1,600 1,220 400 -------- 4,400
Packw ood __________________________________ 760 3,280 2.520 -------- ------- - -------- 6,560
Lak eside____________________________________ 1,450 9,670 19,750 14,210 480 -------- 45,560
Goshen_________________~ ___________________ -------- ' 700 *1,100 *700 - -- - - --- -------- 2,500

------ --- - - - - - - --- - - -Totals__________________________________ 19,270 48,360 90.100 64,920 13,380 1,520 237,550

Indica ted unmeasured diversions-
Cross Creek outflow an d river chan nel seepage __ 14,500 18,420 19,260 13,030 4,700 1.850 71,760
Kaweah River at Th ree Rivers ________________ 33,770 66,780 109,360 77,950 18,080 3,370 309,310

"Es timate d from incomplete records.,

,

-



TABLE 13.

Diversion Records for Kaweah Ditches In 1921. Records of H. H. Holley.

Tota l acre-feet
Ditch

Oct . Nov. Dec. Jan. Feh. Mar . Apr. May June July Aug. Sept. Total
- ----------- --- - - - ------- - - - -- - - - ---

Diversions above McKay Point-
' ISO 0Marks and Rice________________________________________________ '90 0 0 ' ISO ' I SO 'ISO 'ISO 'ISO ' ISO 'ISO 1,530Lemon Cove___________________________________________________ '430 '215 0 0 0 '90 '416 '430 ' 416 '430 '430 '416 3,273Merryman____________________________________________________
'590 '240 0 0 O· 175 '566 635 665 584 571 565 4,591Wutchumna__ ____ ____________________________________________ 1,950 340 0 42 845 2,520 5,740 6,210 5,225 2370 409 81 25,732--- - - - - - - --------- --------- --------- - - -Totals ____________________________________________________

3,150 885 0 42 845 2,965 6,902 7,455 6,486 3,564 1,590 1,242 35,126

Diversions below McKay Point-Peoples Consolidated ___________________________________________ 0 1,211 2,720 3.876 6,006 9,413 9.117 13,785 14.000 4,813 1,489 979 67.409Farmers. _____. ______________. _______ ____. ___. _. _. ____________ 0 20 0 108 40 1,522 2,920 7,495 7,369 425 0 0 19,899Evans. ________. _______________ __________________________. ___ _ 0 275 496 812 905 1,357 969 1,359 1,312 1.440 115 - ---- -- - 9,040Fleming_______________________________________________________
7 9 214 279 139 83 503 800 648 787 72 --- ---- - 3,541Persian. _____. . _______________________________. _______________ 25 850 126 893 1,271 1,372 836 2,589 2,664 823 ---- --- --- -- --- 11,449Oakes________________________ ._______________________________

-- - - -- -- ----275- - - -- 496- 226 288 448 582 624 499 403 25 - - - - - - - - 3,095Wat son_________________, _____________________________________
- --- - - - - 813 905 1,357 969 1,359 1,312 1,440 126 -------- 9,052Tulare Irr igation Company______________________________________

-- - - - - - - -- ---- -- -.-. _- - - -- - - - - - - 2,636 2,330 3,519 3,646 570 - -- - - -- - --- -- --- 12,701Tulare Irri gation Dist rict _______________________________________
-- -- -- -- - - --- --- -- ---- -- -----59- 477 1,477 13,332 13,100 195 - - -- -- -- - -- - - - - - 28,581Jennings _________________'_____________________________________
-- ----- - -----84- -- --334- 735 963 1,244 1,387 490 --- -- --- -------- 4,878Matthews_____________________________________________________
----- - -- 508 7SO 972 1.180 1.128 673 - - - - - --- -- -_ . --- 5,659Modoc____________________________________________________ ____

- --- - - - - - .- -- -- - ------- - --- -_. -; - - --240-
1,222 2,670 2,935 2,202 962 - -- - - -- - ---.-.-- 9,991Uphill; _____________ ______________ _____ ____ ___________________

- - - -- -- - - - -- - -- -. - -- --- --- ----- 878 1,129 1,311 1,472 340 ---- -- -- - - ._--- - 5,370Pa ckwood_____________________________________________________
--- -- - -- - - - - - - - - - - - -- - --

-- -1~537-
- - - - - - - 2,900 4,080 --- --- - - --- --- - - - - ---- - - 6,9SOLakeside______________________________________________________

--- --- -- - -- -- -- -- --- -- - 247 9,030 7,240 19,835 16,920 1,215 ---- -- -- - - - - - - - - 56,024Goshen _______________________________________________________
--- -- -- --- - - - -- -. -- ---- - - - - - - - - . --- -- - -- - - - -- - - -- ; 240- ' 1,500 *1,500

---- i 5s - ---- -- -- - - - - - - -- 3,000Sweeney __________________________________________. ___________
- - - - --- ---- -. - - - -- ; 350- -- -;300- -- -;350- '250 '250

-- --222- - -- - - -- - 898Hamilton _____________________________________________________
--- - - - - - - - - - - - - - -- - -- -- '360 *375 '375 363 - -- - ---- 2,695Wut chum na-Barton CuL ____ _______ ________ _________ ______ _____
- - ------ - - -- - - - - - - -- -- - - -- -- -~ --- - - - - - -- - - - - - ' 1,000 '2,000 '2,000 250 --- - -- -- --- --- -- 5,250--- ------- - - - ------ - - --- - - - --- - - - ------Tota ls ____________________________________________________

32 2,640 4 , 13~ 7,938 12,198 31,660 34,277 78,392 75,864 15,347 2,049 979 265,512
Discha rge at McKay Point , _______________________________________ 3,110 6,490 9,120 15,100 21,460 41,954 43,932 81,989 79,216 17,709 2,553 1,608 324,241
Indicated unmeasured diversions, Cross Creek outflow and river channelsecpage_______________________________________________________

3,078 3,850 4,984 7,162 9,262 10,294 9,655 3,597 3,352 2,362 504 629 58,729

*Estimated fromoccasional measurements.
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'I'he r ecords of both parties for 1917 were based on staff gage rea dings
and current meter ratings. The r ecords for 1920 and 1921 are based
mainly on continuo us gage height records of automatic r egisters. As
the flow of the Kaweah River fluct uates ma terially during the day dur­
ing the summer months as previously disc ussed, records of div ersion
based on continuous gage height records should be mor e dependable
than those based on one or tw o daily r eadin gs. 'I'he run-off in 1917
was about normal, t hat for 1920 and 1921 was somewhat below norm al.
'I'he diversions by th e various canal" will vary with the 'nature and
extent of th e flow in the river particula rly for t hose di tches having
later rights. The schedule under which div ersions are made is not
sufficiently definite to enable th e div ersions of th e di fferent ditches in
other years to be estimated on the basis of th e flow in th e stream and
the prior ity of each ditch an d no est imates for oth er years have been
attempted. i

Th e flow of Kaweah Ri ver at :]\[cK ay Po int is either div erted by
cana ls, percolates fro m th e ri ver channels or escapes f rom the Kaweah
Delta through Cross Creek or other outlet channels. Th e I records f or
th e thr ee years 1917, 1920 an d 1921 are sufficient t o enable the total
canal diversions arid -the outflow to be determ ined with fa il' complete­
ness. The diff erence between the sum of th ese items and the total
supply is considered to represent seepage from the st ream channels.

The availab le diversion re cord s by months for 1917 are summarized
in Table 11, those for 1920 in Table 12 and those for 1921 in Table 13.
Th e 1917 r ecords do not indicate any lar ge amount of unaccounted for
flow. The difference between th e sum of th e measured canal diversions
and Cross Creek outflow for the five months covered by the r ecords is
14,050 acre-feet or 4.5 per cent of the total flow at Me.Kay Point. This
sma ller per colation in 1917 might be expected as the yea r previous had
been one of large r un- off and the gro und wat er elevations iadjacent to
the st ream channels were higher in 1917 tha n in 1920 01" 1921. The
1917 diversions r ecords are also probably less accurate than those for
1920 and 1921.

The 1920 diversion reco rds indicate a larger cha nnel seepage than
those fo r 1917. If th e ou tflow of Cross Cr eek for 1920 of about 9000
acre-feet is dedu cted, th e r emaining" unaccounted for flow amounts to
20 per cent of the discharge at McKay Point. Any difference in chan­
nel seepage that may hav e been caused by th e pumping by the Lindsay­
Strathmor e Irri gat ion Distr ict d uring the mon ths covered by the canal
diversion records would be in cluded in the abov e unaccounted for flow,

The re cords for 1920-1921 cover the fu ll ,run-oft' year. The unac­
counted for flow in 'I'able 13 is about 59,000 acr e-feet. The outflow
through Cross Creek f or this pe riod was 5000 acre-feet and the amount
pumped f or use within the' Li ndsay-Strathmore Dist ri ct was about
] 3,500 acre-feet. If the water used by the district is all assumed to
have come f rom the flow at :McK ay Po int during the period of r ecord the
remaining net unaccounted :for supply becomes' 40,500 acre-feet or 12
per cent of the total at l\lcKa,Y'Point. ~ :

As both of the years in which more complete .diversion records are
available ','ere ones of similar but less than. n5rmaljtln-oft', the channel
seepage to be expe cted in years -of Ip;:ce~:-ruri-off.' ~a!r3 not be estimated
on the basis of the data availab le. ' It is probablethatthe act ua l amount
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of such channel seepage,would in crease with an in cr ease in th e amount
of run-off but that the percentage of seepage would decr ease. The
ava ilable re cords indicate that th er e is a material addit ion to th e ground
water from such chan nel percolation. As the r ecords were secu red at
the points of div ersion of the St. Johns and Kaweah rivers or adjacent
channels only the seepage f rom such channels are included in the figures
given.

Maximum Rate of D iversion by Canals from Kaweah River.
Th e run-off in 1920 and 1921 bein g less than normal th e total diver­

sions for those' years are also less than for years of larger run-off.
There wer e periods in th e irrigation season of both years, however , when
wat er was passin g th e lowest diversion. At such t imes it may be
assumed that the diversion r equirements of th e various canals wer e
fully satisfied. Th e conditi ons of total discharge under whi ch outflow
from the Kaweah Delt a will occur have previou sly been discussed in
detail.

TABLE 14.

Maximum Rates of Diversion by Kaweah River Ditches.

Maximum Maximum Maximum
weekly weekly weekly
average average average

Diteh diversion diversion diversion
in 1917, in 1920, in 1921,

second-feet seeond-feet second-feet

Ditches diverting above MeKay Point-
Marks and Rice2__ __ ___ _ _ _ _ _ _ _ _ _ _ __ __ _ _ _ _ _ _ _ __ _ _ _ _ __ _ ___ _ ___ __ __ _ ---

-- - - - - - - - - - - 3 3
LemonCovet_--- - ___- - _- - ___- - _____- - _- - _______________________-- - - ------------ 7 7
Merryman! ___-- ______________ _______..: ________ _____________ - - ____-- ------------ II II
Wutehumna' _______________________________________________________ ------------ 117 101

Total~__ ___________________ ______________ ___ ______ ___ _______ ___
- - - - - - - - - - - - 138 122

Ditches diverting below McKay Point-
Hamilton-, ____ _____ __-- __ _____ __________ ______ ________ _____ __ ___-- 6 6 6Enlow' __ ___ __ _________________ ___ ______ ______ _____ _____ _________ __

4 4 4
Lindsay-Strathmore Irrigation District , ___ _______________ _______ ___ ___

-----502---- 48 48
Peoples Consolidated______ ____ ____ ________ _______: ________________ __ 517 362Farmers. __________________________________________________________

172 221 191Evans_________________._ _________ ______ _________ _________________ 35 30 30
Fleming__ _______ __ ________ ____ ______________ ___'___ _______ _________ II 16 15
Persian. _________. _____. _____________________. _. _____~ _____________ 41 37 73Oakes____________________ _____________________ ____________________

14 17 12Watson. : __________________________________________________________ 26 30 30
TulareIrrigation Company___________________ ________________ _______ 67 67 71
Tulare Irrigation District . ______________. ________________ ______ ______ 429 391 357
Jennings____________ ___ _____ ___________ _______ ____ ______ ________ ___ 12 24 23
Matthews___________________ ______ ________________ ____ ______ ____ ___ 29 31 26Modoe___ _________ ______________ _____ _______ ___ _________________ __

43 58 55Il phill. ; __ ______ __ __ ___ _____ _______ _____ __ __ __ _____ __ __ _____ ___ __ __
36 31 26Packwood___________ ___ _____________________________________ ______

163 89 139
Goshen!____ -- - . _-- _- - - ___ _______-- _______-- ___-- _____-- _________-- 25 25 25Lakeside___ ____ ______ ___________ ___________ ____ _______ _____________ 282 362 374
Wutchumna-Barton cut. ____ __ __ ______________ ______________________

33 '33 '3 3

Totals_______ ___________ _______ __ ____ ________ ________________ __ 1,930 2,037 1,900

INo direct records; figures given are estimates.
'Based on estimated monthly means.

The diversion r ecords fo r each ditch wer e examined and the
maximums assembled in 'I'able 14. Th e weekly means have been used
rather than th e maximums fo r any sing le da y. 'Phe total dis charge of
the Lindsay-Strathmore I rrigation District is in cluded in 'I' able 14
although it is t aken' f r om ground water adjacent to th e stre am and does

4-21 044
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not affect the flow of th e river by the amount pumped. Table 14 indi­
cates that a total diversion of about 1950 second-feet below :lVIcKay
Point and 2080 second -feet below Three Riv ers will meet the simul­
taneous maximum rates of div ersion by these ditches. As ' all ditches
will not actually be diver ting at their maximum rate simultaneously
somewhat smalle r total diversions at anv tim e will meet th e total
diversion needs. Th e previous discussion 'of outflow shows that a dis­
charge of over 1900 second-feet at Three Rivers, if maintained, will
r esult in outflow from th e Kaweah Delt a indicating that this rate of
flow supplies the normal div ersions plus the channel seepage.

Areas Irrigated by Kaweah River Ditches.
Various classifications of the lands irrigat ed by the different ditches

diver ting from the Kaweah River have been made by the parties to th e
liti gation over the pumping by the Lindsay-Strathmore Irrigation Dis­
trict. Th ese class ificat ions have resulted in a stipulat ion between the
parties regarding the areas irrigated under severa l of the ditches.

No attempt was made in connect ion with these investigations to
canvass in the field th e areas supplied by each ditch. Some areas
partially ser ved by ditches were in clud ed in th e ar eas canvassed for
pumping. Th e var ious class ifications mad e by th e parties to th e litiga­
t ion wer e made ava ilable and were compared. 'Where mat erial diff er­
ences wer e f ound suffici ent in vesti gations were mad e to ena ble a
conclus ion to be reached. 'I'he extent of the areas ser ved was also
checked with th e officers of the diff erent di tches. Th e resulting figures
used for th e areas serv ed ag ree with thos e stipulated for the ditches
covered by the st ipulation and represent th e results of th e data collected
in this investigation as to th e oth er di tches. Th e results are shown in
Table 15 an d on Map 1.
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TABLE 15.

Areas Served by Ditches Diverting from Kaweah River.

51

Area in acresof

Ditch Receiving
Orchard Field Wild supplemental

Alfalfa and crops pasture Total water by
vines pumping

- - - - ---- ----
Ditches diverting above McKay Point-

Marks and Rice___________ ________ _____
- - - --- -- -- 129 --- - -- - - - - --- - -- --- 129 -- -- ---- --- -

Lemon Cove___ -- -- -- ---- 1,100 ---- - - - - - - -- - - - -- - -- 1,100 -- -- -- -- ----
Merryman____ __==:=:=.:=========:=.:=------870- 1,680 ---- ---- -- -- -- -- ---- 1,680 1,680Wutchumna' ___________________________ 5.602 814 160 7,446 4,253

---- ---- ---- - - - -Totals__ _______ ___________ _________ 870 8,511 814 160 10,355 5,933

Ditches diverting below McKay Point-Hamilton___________ ___________________ 15 50 115 270 450 -- - -- - - ----Long', Canal, _________________ _________
--- - -- i 30- 160 300 1,140 1,600 - -- -- ------Enlow_________________________________ 6 40 364 540 --- -- ---- - --

Lindsay-Strathmore Irr igation Distr ict. ___
- - - - -4~088-

9,370 ---- -- -- -- - -- -- ---- - '9,370 -- ---- -- ----'Peoples Consolidated____________________ 4,445 4,265 1,771 14,569 4,127'E lk Bayou __ ___________________________ 4,150 250 776 461 · 5,637 1,784
"Farmers_________ :._____________________ 2,850 1,378 2,840 297 7,635 3,394
Evans' __-- _- - _____-- __-- -- _____-- - - _-- - -- ---372- ----- -408- -------84- - - -- -- ---448

·~~~~~~1~=. :=.:=.:.;====. :=.; ==.:===
150 1,014

"Oakes___ ____ ___________ ______________ _ 216 -- - - - -237- -- - - - -287- --- - --282- 1,022
----- -----63

Watson!____--- __- ---- __-- -- -- --- ___ - - - - - ' - - - i 20- ---- --- 2, 538Evans-Persian-Watson!___-- - - _-- - - ____-- 4.300 2,150 6,470 13,040
'Tulare Irrigation Company ______________ 1,588 942 279 475 3,284 2,191
'Tulare Irrigation Distriet _____________ ___ 7,905 602 2,823 869 12,199 2,771
Jennings___ _______________ _____________ 300 100 230 -- --- ----- 630 26' Matthews__ ______________ ______________ 692 14 192 30 928 280' Modoc ____________________ ____________ 2,000 84 850 656 3,590 611"Uphill. ______ ___________ _______________ 1,148 124 107 494 1,873 723

"Packwood__ ___ _. ____ ___________________ 1,469 " .536 916 79 3,000 2,626'Goshen____ ___ __________________ _______ 720 2 545 600 1,867 609Lakeside_____ ______ ___'___ ____________ __ 11,000 340 6,360 2,050 19,750 3,668
- - - - - - - - ---- - - - -Totals___ ___ _______________________ 42,943 21,198 27,514 10,108 101,728 25.859.

"Ditches for which areas given have been agreed upon by stipulation between parties to the pending litigation.
'Area of Watson, Persian and Evans ditches eombined.
'Area irrigated in 1920; gross area in district about 15,000 acres.
'Lands served by Wutchumna ditch on north side of river only. About 2) per cent of th e use on this system is for

variable areas on the south side of the river for which data is not available.
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Th e area supplied by di tches div erting f rom the K aweah River is not
definite as it vari es from year to year with th e extent of th e run-off.
Many areas usc di tch water 'when ava ilable ,supplemented by water
pumped f rom wells for per iods when the ditch supply is deficient. Th e
figures given in Table 15 ar e thought to r epresent, as closely as condi­
tions will permit a classification to be mad e, the area generally served
hy ditches from the K aweah River. 'I'he actual service given will vary
from a complete supply during the full season to one irrigati on in
years of unfavorable r un-off. Not all of the area given is irrigated in
many seasons .

The Peoples Consolida ted Ditch received wat er over a longer season
than most other ditches diverting from the Ka weah River. Th e ground
water is higher than in many oth er areas.

Th e E lk Bayou receives its water bv diversion through the Peoples
Consolidated Ditch. The area covered bv ,this svstem was canvassed
in 1920 for pumping use and data also coilected 0;1 th e di t ch irriga tion
for that season . 'I'ho canvass gave a total area irri gated by di tches in
1920 of 4170 acres. 'I'he acreage agreed upon in the st ipulation of 5637
acres represen ts th e area prepared to re ceive ditch irrigation when the
water supply is available.

Th e areas irrigated under th e Wa tson, Evans and P ersian ditches
over lap to a considerable extent , some lands receiving wat er f rom more
than one of these ditches. 'I'heareas under th e three ditches have been
combined in 'l'ahle 15.

'I'he acreage irrigated in any year in the Tulare Irrigatio n District
vari es more wid ely th an under most of the oth er ditches as the wat er
r ights for this system are among the lat er prior it ies on the r iver . An
ar ea of 3540 acr e-s was foun d to have received some irrigation f rom the
canal system ip this district during 1920; th e lar ger part of this area
also received supplementalpumping supplies.

Ground water conditions affect th e area irrigated from the Uphill
and Modoc ditches, the ground wat er being relatively high in some parts
of the area served.

Th e Packwood and Goshen ditches rece ive water after the larger part
of the oth er di tches are supp lied an d in conseq uence the area served is
more variable from year to yea r. Supplemental pumping is also used
to a greater ext ent than under many of the other dit ches.

Th e Lakeside Ditch serves an area which is to the west of Cross Creek
and is considered to be outside of th e ar ea of the Kaweah Delta which
is dependent for its ground water supply on the Kaweah Riv er . The
gro und water conditions in the area supplied by the Lakeside Ditch are
the resu lt of its own diversions and of the usc of Kings Riv er waters
on adj acent areas rather than of the use under other canals diverting
f rom the Kaweah area. The Lakeside Ditch is one of the larger
Kaweah canals and receives a considerable proportion of the water
dive rted rani th e Kaweah River.
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PLATE IV, Figure A. W ast e Gate on Lakes id e Canal near t he Divers ion from Cross
Creek.

Duty of Water Under Ditches.
The data previously given for the diversions and th e areas irrigated

for the various ditches' is assembled in Table 16 in terms of the rate of
use of water per acr e irr igated. The figures g.ven represent div ers ions,
he amounts delivered to t he farms would be less than the figures given
y the amount of the conveyance losses, which for at least some of the

ditches may be relatively high . Of the years shown in 'I'able 16, the
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run-off in 1917 was slightly above normal. Th e years 1920 and 1921
wer e about five-sixths of normal.

Th e figures given for th e acre-feet per acre div erted are not a con­
sistent basi s for th e compa rison of th e practi ce under the diff erent
ditches as th e acreages used are in some cases larger than the areas
actual ly supplied in th ese years. Th e flow of the Kaweah Riv er
becomes so small by August that only a limi ted area can receive a
supply equal to their normal needs in the later part of th e season."

TABLE 16.

Diversions in Acre-feet per Acre of Ditches Divertiny from Kaweah River.

Ditch
Area

supplied
by ditch ,

acres

Average acre-feet per acre supplied,
diverted during season of-

Apr. to Mar. to Oct. 1920 to
Aug., 1917 Aug., 1920 Sept ., 1921

2 .1 3 .0
1. 9 2.7
3 .4 3 .5

1. 6 1.5

3 .2 3 .3

3 .6 2.7
1. 4 2.3
2 .7 3 .5
2. 0 3 .0
2 .9 3 .9
2.8 2.8
7 .4 7. 8
6 .3 6.1
2.8 2.8
2 .4 2.9
2 .2 2.3
1. 3 1.6
2.3 2.8

- - -
2 .7 2.9

1. 9

r---;:;----
3 .3
1.7
2 .6
2 .6
4 .3
5 . 1
4 . 1
5 .1
2 .7
2 . 7
5 .5

1,100
1,680
7,446

9.370
14,569
5,637
7,365

13,040
1,014
1,022
3,284

12,199
630
928

3 590
1,873
3,000
1,867

19,750

Mean, , 3 .0

Ditches diverting above McKay Point-Lemon Cove _
Merryman _
Wut chumna _

Ditches diver ting below McKay Point -
Lindsay-Strathmore _
Peoples Consolidated _
Elk Bayou _
Farm ers _
Evans-Wat son-Pereian - - -- -- - -
Fleming _
Oakes _
Tulare Ir rigation Company _
Tulare Irr iga tion District _
Jennings _
Mathewe _
Modoc " _
Uphill _
Packwood _
Goshcn _
Lakeside. , , _______________________ _ _

I----I----I--~-I

Total Irrigated Areas Dependent on Kaweah River for Their Water Supply.

'I'he areas now irrigated which are depend ent on th e Kaweah River
for such water supply as th ey may receive are larger than the area
ser ved by ditches diverting from th e river du e to the additional area
for which pumping is practi ced. Th e extent of th e area whose under­
ground water supp ly is depend ent on water originating in th e Kaweah
River is not distinct but blends into ad jacent areas. How ever, for the
purposes of the study of the wat er r esources and their use it is essential
to delimit the area considere d to be dependent on each source of water
supply. This has been don e as outlined on Map 2. 'I'he determinatien
of the limits of each area has been based on the data collected regarding
the gro und water and its use as discussed in detail later.

From t he canvass of the areas served ·entirely by each pumping
plant made in these investigations and the data on use under ditches.
the total irrigated areas depend ent on Kaweah River as given in Table
17 were determined. Th e location of the areas is shown on Map 1.

Th e areas given in Table 17 represent th e lands receiving a more or
less complete irrigat ion supply in 1920. Th e sum of th e figures given
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for areas sup pli ed by ditches only and by ditch and pump are less than
the sum of the figures given in Tabl e 15 fo r each ditch as the data used
in Table 17 is based on the lands actually r eceiving canal service as
determined by field canvass under some of the ditches whereas th e areas
given in Table 15 for th ese ditches are larger than the areas actually
supplied in 1920. Th e general areas used for some of the other ditc hes
are probably larger than t he areas actually supplied in 1920. For the
year given the data in 'I' able 17 is cons idered to r epresent fairly closely

TABLE 17.

Summaryof Areas Irrigated in 1920 Which Are Considered 10 be Dependent on Ihe Run-off of Kaweah River for Their
Waler Supply.

Character of water
Crep-e-acres supply-area in acres

Tolal
Ar~ area

Miseel- By in
Orchard Ianeous, By dit ch By acres

and Alfalfa Corn Grain including ditch and pump
vines pasture only pump only

--- --- --- - - - --- - - - - -----
Main area of Kaweah Delta

covered by canals diverting
for lands below Venice Hills, 25,800 29,900 13,800 22,500 11,300 47,000 18,900 37,400 103,300

Areas covered by canals divert-
ing for lands mninly above
Venice Hills______ _____ _____ 16,800 800 300 600 800 2,700 6,900 9,700 19,300

Area of lower Kaweah Delta
outside of areas covered bycanals. _____ ______________ _ 1,500 7,500 2,700 2,800 1,400 *900 *100 14,900 15,900

Area west of Lindsay-Strath-
more Irrigation Distr ict to-
ward which ground water .
slopes from the KaweahDelta_____________________ 6,400 700 100 - -- - - . -- 100 ----. _-- -- ------ . 7,300 7,300

- - - --- --- --- --- ------ - - -
Total of above areas ____ 50,500 38,900 16,900 25,900 13,600 50,600 25,900 69,300 145,800

Area irrigated by LakesideDitch____ ____________ _____ 300 11,000 6,400 -------. 2,100 16,100 3,700 -- - - -- - . 19,800
Area irrigated by Lindsay-

Strathmore Irrigation Dis-
trict. , _____________________ 9,400 -------- -------- -------. -------- 9,400 -------- -------- 9,400

- - - - - - --- - - - - --- -- - - - - - - - - -TotaL . _____________• 60,200 49,900 23,300 25,900 15,700 76,100 29,600 69,300 175,000

*Includcs area cast of Cross Creek.

the total cropped area r eeeivmg irrigation with water originating in
the run -off of Kaweah River. The supply for the full area shown was
not complete as some lands dependent on canal irrigation alone receive
deficient service during the latter part of the season. 'I'he data r elat­
ing to canal areas was collected in 1920, that relating to pumping in
1920 and 1921. Th e areas are lat er us ed as representing the lands
irri gated in 192'0 and 1921 as the increase in 1921 was re latively sma ll.

For purposes of study of the r elations of recharge and draft on th e
ground water of th e Kaweah Delta, th e total area has been divided into
four parts as shown on Map 2. The first of these includes all of th e ·
lands served by canals diverting for lands lying below Veni ce Hills.
The outer boundaries extend beyond th e areas usually served. This
area includes all lands whi ch can be expected to r eceive canal ir r igation
in any year by existing ditches and in cludes mu ch land for whi ch no
canal system is now ava ilab le. About 55 per cent of the gross area
receives irrigation from some sour ce of supply, about one-half of the'
area irrigat ed receiving only canal service.
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The second area in cludes th e areas covered by canals div erting mainly
for service above Veni ce Hills. It extends to Exeter on the south side
of the r iver inc luding the areas above th e Peoples Di tch. On th e north
side of the river it covers th e area along Cottonwood Creek served by
th e Wutchumna Dit ch and adjacent lands.

Th e third area covers those lands whose groun d water is considered
to be depend ent on Kaweah River run-off for its r epl enishment but
which does not r eceive any direct irrigation by canals. This division
covers th e area exte nding wester ly from th e main cana l ar ea to Cross
Creek and southerly to th e area depend ent on 'I'ul e River.

']'he fourth area includes th e part of lands lying between the main
delta s of Kaweah and Tule rivers toward which the ground water slopes
from the Kaweah Delta. The present slopes may be the result of arti­
ficial condit ions of pumping draft as well as of natural condit ions.
This area extends easterly to the Lindsay-Strath mor e Irrigati on District
and the upper canal ar ea and southerly until the slope toward the 'I'ul e
Delta is r eached.

Th ese four divisions have been selected mainly for convenience in the
st udy of ground water condit ions. It is obvious that th e boundaries
used for any such class ificat ion can not be exact and that th e differ ences
in such factors as canal use, pumping draft and ground water fluctua­
t ions will tend to blend or merge along the boundaries selected. For
convenience th e boundaries have been made to f ollow section lin es in

. most ins tances . Th e areas served by the Lakesid e Dit ch and the Lind­
say -Str athmore Irrigation District are not in cluded. Alt hough th ese
two syst ems receive Kaweah River water th ey are considered as being
outside th e Kaweah Delta and not affected by general ground water
movement within th e delta.

The area supplied by the Lakeside Ditch included about 3700 acres
whi ch received supplementa l pumping. Th ere is also some supple­
mental pumping within th e Lindsay-Strathmore Irrigation District for
whi ch no direct da ta is availabl e bn t whi ch is und ers tood to ha ve been
of small amount in 1920.

The mean annual run-off of the Kaweah River has been previously
estimated as 451,000 acr e-feet of which an avera ge of 55,000 acre-feet
passes across the Kaweah Delta without diversi on or absorption, leaving
a net mean annual wat er supply of 396,000 acre-feet for the ir rigation
of lands depend ent on this source of supply. Th e figures given in Table
17 indicat e that t here is now developed an acre of irrigated land for
every 2.3 acre-feet of mean annual available water supply for irrigation.
Dedu cting 45,000 acr e-feet as the avera ge div ersion of th e Lak eside
Ditch and 15,000 acre-fe et for the diversion of the Li ndsay-Strathmore
I r r igati on Dist rict leaves an average supply of 336,000 acre-feet for the
146,000 acres now supplied on the Kaweah Delta or an average of 2.3
acre-feet per acr e.

Su b ir r igated Areas.
In addition to th e areas to which irrigation is applied from canals or

by pumping there are some areas on whi ch th ere is moistnre drawn from
th e high ground water by capill ary action. Th ese subirrigat ed areas
wer e classified by the Lindsay-Strathmore Irrigation District in 19]7.
This classificat ion ha s been adjusted to th e condit ions of 1920 by
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comparison with the lowering of th e ground water from 1917 .t o 1920.
Only land is included in this classificat ion which has not been in cluded
in th e area receiving surface irrigation. Th ere are areas receiving sur­
face irrigation in whi ch the ground water is sufficientl y high to result in
loss of moisture from th e surf ace by direct draft by plants on th e
ground water. ,

On theabove basis it is est imate d that in 1920 th er e wer e 1 500 acres
of eroppedJand and 1500 acres of pasture subirrigated under ditches
and not credited as surface irrigated, and that in addition there were
snbirr igated areas along st ream channels and not .under any ditch
system of 900 acres of crops and 4600 acres of pastures giving a total
area of such subirrigated land of ·8500 acres. Adding this area to the
175,000 acres surface irri gated gives a tota l cropped area depend ent on
the Kaweah River of 183,500 acres for which the average water supply
available wouldbe 2.2 acre-feet per acr.c.

Rate of Increase In Area Irrigated' by Kaweath R'iver Run-off. '
. The figtlres given represent the areas supplied during t he per iod
covered by these investigat ions. Th ere ar e no complete dat a avai lable
on the rat e of incr ease in th e ar ea supplied in past seasons. Such
information as could be secured is given in thc following discussion.

Thc repor ts of the U. S. Census give some compa rative data. Th e
report of th e irrigat ion census for Tul ar e County as a whole is as
follows r - .. . •. ~

Item

Area irrigated, acres -
Flowing well s, number .- --- --__
Flowing wells, ca pacit y gallons per hour _
Pumped well s, number; _
Pumped well s, capacity gallons pe r hour _
Pumping plants; number, ., _
Pumping plants, capaci ty gallons per hour _

I
n allo or

Results for Results for results for
yea r 1909 year 1919 1919 to those

for 1909

265,404 398,662 1.5
79 23 --- - - - - -- - - -

35,513 7,173 - --- - _ .. ----

794 4,515 5.8
237,420 1,776,335 7.5

739 3,758 5.1
244,318 2,331,179 9.5

Whilc this data covers Tulare County as a whole it is probable that
the relative increase in the Kaw eah River areas is similar to that for
the whole county.

FOl' 1919, the census reports for the K aweah River ar ea, three flowing
wells, 2136 pumped wells with a capacity of 842,000 gallons per minute,
and 1734 pumping plants with a general average lif t of 41 feet.Simi­
lur data segrega ted by st reams was not given f or 1909. Th e total
capacity of the pumped wells in 1919 is 1870 second-feet, a rate of
flow exceeded by the Kaweah Ri ver only during relatively short periods
during the year and closely equal to the maximum simultaneous cana l
diversions of all canals diverting from th e Kaweah River .

These figures ind icate a marked decr ease in flowing wells during the
ten-year period covered. Th e area in which artesian wells may be
secured is now much smaller than formerly. For pumping wells the
data indicates an in crease of over 500 per cent in number and of about
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800 per cen t in capacity. Th e areas supplied by pumping plants are
not given separately for each county. It would appear that the in cr ease
in area serv ed by pumps has been about 500 per cent f rom 1909 to 1919
for the county as a whole.

Data given in th e r epor t of the California Conservat ion Commission
for 1912 gives the area served by pumping plants in Tulare County in ,
1909 as 37,942 acres and in 1912 as 75,320 acr es or an in cr ease of 100
per cent in this three-year period. Th e t otal area served partly or
entire ly by pumping plants in th e parts of the county covered in these
investi gations for 1921 is 159,200 acres. This figure does not in clude
areas in th e northern part of the county supplied from Kings River
sources. Th e figures are not available on whi ch to base an estimate of
th e relative rate of in crease in th e different parts of th e county since
1912. On the basis of general data, however, it is considered that th e
ratio of increase on the Kaweah area has been at least as great as for
th e areas in th e southern portion of the county.

In the canvass of pumping plants th e date of installation was secured.
A summary of the r elative number of plants for various years follows.

"l'he plants canvassed in the main canal area did not in clude those
supplying supplemental pumping to lands under several of th e ditches
and th e da ta for this area is less complete than for th e oth ers.

RELATIVE N UM B E R OF P UMPING PLANTS OPERATING IN DI FFEREN T
YEARS I N P ER CEN T OF THE N U M B E R OPERATING IN 1921.

Year

192L _
1920 _
1919 _
1918 _
1917 _
191& _
1912 _

Area along foothills I
above main canal

. areas

100
93
84
82
81
78
60

'Vithin main canal
area

100
91
76
64
57
51
15

On lower portion of
Kaweah Delta out­
side of cana l area

100
97
90
85
75
66
30

Th e ratio of new development since 1912 has been smaller in the area
along th e foothills than in th e oth er portions of the delt a. Th e increase
in the last three years has been largely in areas north of the river.
Th e figures given exclude the area now in the Lindsay-Strathmore
Irriga tion District .

For the outer area the developm ent during the past three years has
beeu less rapid than during the preceding years. Th e increase in the
total area of general crops from 1920 to 1921 was relatively small
although mu ch changing of cr ops on the same areas occurred.

Th e conclusions presented in the proceding table are in general
agr eement with the st at ements of pump dealers as to r elative numb er of
plants in stalled in different years.

Th e figures given have been used in estimating the pumping draft in
yea rs pr ior to 1921.
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USE OF GROUND WATER IN AREA DEPEND ENT ON
KAWEAH RIVER RUN-OFF.

INTRODUCTION.

'I'he study of the use of ground water ean be approached in the sam e
manner as a study of the use by surface diversion. The supply avail­
able in the case of ground water is the sum of the various elements
which cont r ibute to th e r eplenishment of the ground water. 'I'he draft
by pumping corresponds to the diversion by canals of the surface flow.
The accumulated gr ound water supply is comparable to storage; if the
draft exceeds the in coming supply a decrease in th e storage will r esult
and the ground water will f all. A refilling of the ground water storage
can only occur when the replenishment exceeds the draft. It is obvious
that over a per iod of years the total inflow mu st equal the sum of the
elements of outflow if the ground water levels are to be maintained.

The separate elements invo lved in a ground water study are more
difficult to measure du e to their inaccessibility but th e principles of
supply and use do not differ from those involved in surf ace irrigation
by canals. Th e study of t he use of ground water on the Kaweah River
area has been approached by consider ing the elemen ts of replenishment,
the extent of the use or draft by pumping, th e probability of escape of
ground water by general outward movement an d the result ing balance
of use and repl enishment as in dicated by th e r ise or fall of the ground
water ,

It is not possible to measure the elements of inflow to the ground
water on th e Kaweah Delta. Th e records of fun-off furnish an ad e­
quate basis for est imat ing th e total mean annual wat er supply but th e
proportion of this which reaches th e ground water can not be deter ­
mined by direct measurement. Seepage from river channels and from
canals can be considered as practically all reaching the water t able.
Measurements of canal seepage can also be made. ' Total losses from
irrigation due to deep per colation can only be approximated at best.

The elements of draft also can not be definitely measured. 'I'he
pumping plants wer e canvassed and da ta on the amount of water
pnmped obtained. Su ch records while probably f airly dep end abl e as a
whole are not accurate as to details and can not be made so without an
extent of measurement of the discharge of each plant which is beyond
the scope of practical investi gati on.
, Fairly complete records of th e fluctations of the ground water on the
Kaweah Delta ar e available sin ce early in 1917. These records cover
all of the delta except th e westerl y portions lying beyond th e areas'
.erved by canals. The more complete records are tho se of the Lindsay­
'. trathmore Irrigation District which have been mad e available for use
in these investigations. In order to cover the fu ll area considered to be
dependent on the Kaw eah River for such ground water supplies as it
micht receive additional observations have been made since July , 1920,
eovcrinc the ar ea as far westerly as Cross Creek. Additional records
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...

within th e area of the Corcor an Irrigation Di strict wer e also secured
through the cooper ation of this district . Sufficient r ecords_ were
obtained west erly f rom Cross Creek and northward to the Kings Riv er
ridge to determine the directi on of slope of the ground water in th ese
areas. Data re lat ing to th e ground wat er south and west of H anford
was made ava ilabl e by Mr . 1\1ax Ender lein, civil engineer of Hanford.

Elements of I nflow or R echarge of Ground Water.
Th o records of canal div ersions in 1917 (Table 11) account for

pra cti call y th e ent ire r ivel' flow du rin g' th e sum mer mon th s. Simi lar
r ecords more car ef ully t aken in l!"l20 and ]921 (Tables 12 and 13 ) indi­
cate a channel seepage of about 15 per cent of the ru n-off. In years of
larger total r un-off th e per centage of seepage from stream channels and
overflow ed are as will var y with th e cond it ions of run-off.

Evidence was presented in th e t r ial of the 'I'ulare District ei al. vs.
Lindsay-Strathmore Irr.oaiio n District during 1917 on th e number of
irrigations usually given to lands supplied by th e ditches. 'I'his data ,
taken in conn ection with th e average divers ions per acre in dicate that
the average amount of wat er applied at each irrigation from the canals
may be as large as one acre-foot per acr e. Suc h rates of use will result
in per colation losses wh ich will rea ch the ground wat er. That such
losses occur and that th ev may materia lly affect ground water levels is
indicated by the r ise of wells in th e vicini ty of irrigated areas during
the per iod of irrigation .

Estimated D ra ft on Ground Water.
. Th e pumping on the area su pplied f rom K aweah Riv er was canvassed

to secure data on the amount of draft on th e ground water . It is not
feasible to secure an accurate measurement of such draft du e to the
Iargs number of plants oper at ing. An accurate measurement of the
total amounts pumped would not give th e net draft on the ground water
as a portion of th e pumped wat er , where the use is excessive, will
r eturn to th e groun d wat er by per colation.

Th e areas of each crop ir ri gated by pumping, the number of ir riga­
tions given and th e average depth of each applicati on were used as one
basis of est imating the total draft . The periods of operation, the power
consumption , the efficiency of th e plan t an d the lift were also used as
a basis of est imate. Th e efficiency of a number of plants was tested
to furnish an avera ge effi ciency fo r the different types of plants used.
F rom all of the data obt ai ned estimates of th e average use for the dif­
fer ent crops in th e differ ent parts of th e area were mad e which were
applied to th e areas of each crop. ,

Where both ditch and pumping supplies are used on any area the
proportion of th e supply secur ed bv pumping was est imat ed based on
th e number of irrigations given from each supply and th e general char­
acter of th e water supply and service under each ditch.

Th e areas outsid e of the main cana l areas were canvassed directly for
th e purposes of th ese investigation s. Th e areas of supplemental pump­
ing for lands ser ved by canals were secured largely from the results of
the investi gat ions of th e Lindsay-St rathmore Irrigation District.

Tests of 53 centr ifug al pumping plants r esulted in an average over
all effi ciency for the pl an ts of 38.6 per cent which is equivalent to a
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power consumption of 2.66 kilowatt hours per acre-foot of wat er lifted
one foot in height . Th e plants tested were using cent r ifugal pumps
varying in size from two inches to eight in ches, th e larg er propor tion
being f rom three to five inches. 'I'he efficiency tended to vary somewhat
with the size increasing with the larger plants. 'I'his tendency was
irregular an d not la rg e in amount and the ave rage efficiency given was
used for pl ants of this type.

'I'he irrigation practi ce under pumping plants was found to vary for
the different portions of th e area and for th e different crops.

PLATE V, Figure A. Cross Furrow Irriga­
ti on of Or ch ards N ear Vi salia.

Alfalfa is ir ri gated in bord er checks 40 to 60 feet in width and 300
to 1200 feet in length , the larger checks being used on the heavier soils.
The practice varies from five ir rigat ions per season of an average depth
of about 0.7 feet on th e more retentive soils to 12 isrigations of an
average depth of about 0.3 feet on the heavier soils. Th e res ults for
53 farms serving a total area of alfalfa of 4080 acres for which da ta on
the water used was obtained gave an avera ge amoun t pumped of
:3.4 acre-feet per acre. The usua l season extends f rom March to
September, inclusiv e.
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PI,A TE V, Figur e B. Pumping P lant and Con cret e Pipe D is tr ibution System for
Orch ard near E xe ter.

Corn, suc h as Egyptian or milo ma ize, is grown as an independent
crop and also f ollowing grain. It is given from one to foul' ir r igati ons,
the ave rage being three. 'I'h e average use on 17 ar ea>; totaling 545
acres was found to be 1.25 acre-feet pel' acre.

The practice regarding th e irr igati on of grain var ies wit h the pre­
cipit ation for each season . Usua lly an ir ri gati on is given in the F all
before seeding with an additional irrigation in the Spring . With a
large rainfall at either season one or both of these irrigations may be
omitted. 'I'he average is probably one irrigation per season. On seven
areas totaling 516 acres given one irrigation t he average amount
pumped was 0.7 acre-feet per acr e.

Cotton and rice were grown to some exte nt in 1920 ; t he acreage in
th ese crops in 1921 was materially r educ ed. For cotton an average of
about four ir ri gati ons of 0.5 acr e-f eet per acre was typical. The use
for the small area in rice was relatively large ; no direct data on the
amount used was obtained.

F or orchards and vines the usual practice in the central and western
portions of the Ka weah Delta is to irriga te from one to five times, the
larger number of applications being given t o the youn ger t rees and
vines. Three irrigations, extending from April to September, would
be typical of the average pract ice. Data on twenty orchards and
vineyards, totaling 1061 acres , indicated an average depth of pumping
of 2.15 acre -feet per acre in th is area.

F or the cit r us plantings .on the higher land >; lying in the vicinity of
E xeter and Lindsay and also on the north side of the r iver, where the
heavier soils underl ain by ha rdpan occur, more frequent irrigations
are req ui red as only a limited amou nt of water can be made to enter
the soil at each application. Usua l practice ' would be represented by
an irrigati on each month for six to eight months with an average of
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seven irrigations. The season of irrigation varies somewhat with the
variet ies grown; some winter irr igat ion of Valencias may be practiced
if the rainfall is deficient. March to October, inclusive, would repre­
sent the general season of use, however. Data on 38 areas in citrus
crops, cover ing 1400 acres, gave an average use of 2.6 acre-feet per
acre. Th e delivery for similar crops on similar soils within the
Lindsay-Strathmore Irrigation District has averaged about 1.6 acre-feet
per acre. It appears that those owners having pumping plants from
which larger supplies may be secured are actually applying to their
orchards about 2.5 acre-feet per acre.

The figures given represent the est imated total draft on the ground
water for the differ ent crops. When pumped, such water is subject to
loss by seepage in farm ditches and by percolation through th e soil in
irrigating . As th e average care in handling wat er' under the pumping
plants is better than that used in general irrigation from th e ditches
diverting from th e r iver with a smaller average depth applied at each
irrigation the return to the ground water from pumping should be
relat ively less than the losses from ditc h ir r igat ion . For the higher
areas of heavier soil very lit tl e return to the ground water is probable.
For much of the deciduous orchards and vin eyards cement pipe is
used for distribution with a resulting redu ction in conveyance losses.

It is not feasible to est imate definitely the proporti on of th e t otal
draft which may return to the ground water . Under average condi­
tions of the use of pumped water a relatively small r eturn would be
expected but such average use inc ludes areas on which th e use is exces­
sive and from which losses will occur. Th e drafts, as estimated for
each crop and area, have been redu ced by 10 per cent for the upper
areas, 20 per cent for the pumpin g within th e main canal served areas
and 15 per cent for the outer areas to give th e est imate d net draft.
These reductions are arbitrary and, while possibly fairly representative
of average conditions, will vary materially in individual cases. They
are considered to inc lud e both percolation losses and any over est imate
of the gross draft.

'I'he summary of the estimated total net draft is shown in Table 18.
The figur es given show an estimated total net pumping draft for 1921
of 162,000 acre-feet which was equal to 44 per cent of the run-off of
that year and 41 per cent of the mean annual available run-off. Th e
average draft per acre irrigated is smallest in thos e areas where pump­
ing is used to supplement canal use. Th e pumping by the Lindsay­
Strathmore Irrigation District and by small plants within the area
served by the Lakeside Ditch are not included in the figures shown in
Table 18.

The relatively heavy draft per acr e of gross area in the area west of
the Lindsay-Strathmore Irrigation District is noticeable in comparison
with the draft in th e other areas.

Possible-Sources of Loss from Kaweah Delta Ground Water Storage.
The efficiency of the Kaweah Delta as a reservoir for the storage of

ground water depends, like any other reservoir either surface or under-
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TABLE 18.

Total Est imated Pumping Draft from Ground Water by Small Pumping Plants in Areas Dependent on Kaweah River
for their Ground Wat er Supply.

Acres irrigated .

By By .
ditch and pump

pump ' only

Area

Total
estimated

1---'------,-----;---1 neir~;;ft
ground
water,

acre-feet

Gross .
. arca ..

in .~
acres

Average
draft in

'acre-feet
per acre
irriga ted

Average
draft in

acre-feet
per acre of
grossarea

----- ------1----- --- -----·----

0.45

0.45

0.30

•0.85

1.5

1.6

.. 2 .195,000

60,000

190.00085,000

27.000

31.000

9,700

37.400

14.900100

Main area of Kaweah Delta covered by canals
. diverti ng for lands belnw Venice Hilts - 18.900
Area covered by canals diverting mainly for

lands above Venice Hills___________________ 6.900
Area of lower Kaweah Delta outside of areas

covered by canals _
Area west of Lindsay-Stra thmore Irri gati on

District toward which t he ground water
slopes from the Kaweah Delta ______________ 7.300 19.000 20.000 2 .6

--- --- - - - ----- - - --
Totals · 25.900 69,300 162.000 365,000 1. 7 0.45

ground, on its water t ightness. If .it is a closed basin in which ground
water may be retained until wit hdrawn by pumpin g, such ground water
storage may re prese nt the mos t elfec t ive and economical means of
utilizing the available water su pply. If it cons ists of a sloping body
of wa ter moving stead ily, even if slowly, toward some under ground
outlet it can no t be ex pecte d to be effieient in retain ing t he run-off of
ye ars of more than normal supp ly fo r us e in fo llowing seasons of
deficien t flow. An effor t has been made to investigate, as t horoughly
as the scop e of these investi gat ions has permitted , th e conditions
r ela ting to the water t ightness of t he Kaweah D elta.

'I'h o gene r al d irection and rate of slope of t he groun d water is shown
by t he grou nd water cont ours on Map 2. The ground wat er movement
is, li ke other flow, in t he direction of the greatest slop e whic h is at r ight
angles to th e direction of the contours. The gene ral directi on of the
slope on the K aw eah Delta is tow ard the sou thwest. 'l'h e change in
directi on of the contours n or th of Cot tonwood Cree k as th e area served
by Kings River is r eached indicates t he divisi on of the areas dependent
on K aw eah and K in gs r iver s. The contours west of Cross Creek show
that t he ' ground water slopes n ear ly sout h in this area with the eon­
tours fo llo wing t he genera l di r ection of t he margin of Tul are Lake.
indicating both a directi on of movemen t toward Tulare Lake instead
of to the no rth and across the lower Kings River Delta and a source
of supply from Kings R iver r ather than from Kaweah River.

On Map 2 are also shown portions of the contours representing
deep er wells which in SOUle instances formerly were artesian or flowing,
The water rises in su ch de eper wells to eleva t ions about 10 feet higher
t han that in adj acent shallow wells, indicating.' that th e amount of
pressure in the deep er well s is in excess of that in t he shallow wells,
The directi on of slope of the deep er ground water closely parallels that
of the shallo w wells indicating that any movement in su ch deeper strata
will al so be toward the sou thwest r ather than t oward' the northwest
along the ma in San -Ioaquiu Valley t rough.
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Ground Water Conditions Along Kings River Ridge. _
In addition r ead ings were secured on deeper wells north of the Kings

River Ridge. I n the vicin ity of Riverdale the ground water elevations
were found to vary f rom about 215 to 230 feet with an increase in
elevation towa rd th e east along th e Kings River Ridge. Surface water
on the Kings River Ridge , near Hardwick, has an elevat ion of about
2'40 feet ; no deeper wells wer e found in this vicinity. The water in
the deeper wells in the K aweah Delta vary in elevat ion from about 250
feet near Tulare to about 200 feet near Corcoran, with the slope
definitely to the southwest . Th e deeper wells north of th e Kings River
Ridge appea r to obtain their supply and pressure from sources of loss
along th e Kings River and to have a direction of slope simi lar to that
of the surface waters which is both to th e north and to the south away
from th e ri dge. The elevat ion of the water in the deeper wells along
Fresno Sloug h is such that but little, if any, fall would be available to
cause movement f rom th e deeper stra ta on the west erly portions of the
Kaweah Delta even if cont inuous strata existed under the Kings Riv er
Ridge through whi ch such movement might take place. 'I'he -eonclusion
appears to be warranted that the Kings River Ridge is a barrier to the
movement northw ard of any gr ound wat ers originating on th e Kaweah
Delta and also probably for gr ound waters originating from any areas
south of Kings River .

If any ground wat er movement occurred outward from the Kaweah
Delta such water woul d eventually have to reach an outlet. If such
movement is toward the basin of Tulare Lake and does not escape
northward it would have t o appear within th e basin. Tulare Lake is
considered to be a sealed area , it s lowering when no inflow occurs is
at a rate r epresented by evap orat ion from its surface, its becoming dry
indicates lack of seepage inflow . While water from Kaweah Delta
may reach the deeper str ata under Tulare Lake, it is considered that
it is held th ere without natural outlet and accumulates pressure until
natural relief is obtained through the fillin g of areas on the delta so
that surface losses occur or until artificial relief through wells is
secured.

Ground Water Fluctuations on Kaweah Delta During Winter M onths.
Durin g the summer months the fluctuations of the wells represent

the combined effect of inflow, draft and possible outflow so that the
effect of anyone fa ctor can not he distingu hed. During the winter
months, however , both inflow and draft are at a minimum and the effect
of any outflow may be mor e definitely observed. During the years
covered by the well r ecord s th e winter run-off has been generally
smaller than nor mal so that the effect of any natural outflow of ground
waters should be more readily discernible.

An examination of the well r ecords indicated that the downward
trend, due to la te summer pumping, ended generally by November 1.
Little use by pumping occurs before Febr uary 1. 'I'he well records
were studied and th e fluctuations for each season from November 1 to
February 1 computed. The rise or fall of each well for each winter
ince 1917 was plotted .at the location of the well and the average

5-21044
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fluct uations for each area determined. The resulting balancing of the
amount of r ise and fa ll, tog ether' wit h the st ream flow and rainfall, are
shown in Table 19. Table 19 indicates a net rise for th e area as a whole

TABLE 19.

Summary of_Changes in Ground Water from November 1 to Febru ary I, Express ed in Total Equivalent Soil Volume
in Acre-feet of Rise or Fall.

Area
Nov. 1. 1917 Nov. 1, 1918 Nov. 1, 1919 Nov. 1, 1920 Nov. 1, 1921 •

~ ~ ~ ~ ~

Feb. 1, 1918 Feb. 1, 1919 Feb. 1, 1920 Feb. 1, 1921 F~b. 1, 1922

- 23,000 + 83,000 _ _ _ _ _ _ _ _ _ _ _ 4

'+20,000 +26,000 + 74,000

+57,000 +69,000 - --- - --- - - - ----- - - -
+54,000 +178,000 -- - - - - - -- - --

17,900 34,800 36,550

1. 98 4.66 6.39

23,800

3.65

+ 54,000

+ 89,000

'+15,000

'+20,000

Main area of Kaweah Delta covered by canals
diverting for lands above and below Venice
Hills __ __________ __________________ - 39,000

Area of lower Kaweah Delta outsi de of areas
covered by canals_________________________ '+20,000

Area west of Lindsay-Strathmore Irri gation
District toward which ground water slopes
from t he Kaweah Delta ___________________ +62,000

1-- - - 1- - - - 11----
TotaL ___ __ __ +43,000

St ream 1I0w, Kaweah River , Nov. 1 to Feb. 1,
acre-feet ; , ____________ ____ _________ 10,100

Rainfall at Visalia, Nov. 1 to Feb . 1, in iuchea. i .. 0.4 9

'Estimated; well records incomplete for this period.
'Estimated ; well records for th is area began in 1920.

during each winter of the period of r ecord. Th e conclusion app ears
warranted that ther e is no movement of ground water outward from
the Kaweah Delta as the well fluct uations and use during these months
will account for the inflow. Durin g years of light run-off there is a
lowering of the ground wat er in th e npper portions of th e delta . In
both yea rs covered by th e aetna1 record s there was a rise of the ground
water in the lower delta. Th e ground water contours indicate a total
fall of about 100 f eet in th e gro und water elevat ion from th e vicinity
of Visalia to th e western end of th e canal serv ed ar ea. Und er the
influence of this slop e there appears to be a movement of ground water
outward from th e upper portions of the Kaweah Delta. In years of
small winter run-off this outward movement appears to exceed the
inflow with a consequent lowering of the ground water in th e upper
delta. In years of greate r run-off th e inflow exceeds the outer move-

. ment and an actual ri se of the ground water occurs during th e winter
months in the upper delja, In all years of r ecord there is an actual
rise in the outer areas. Th e records cover four seasons for the area
west of the Lindsay-Strathmore Irrigation District. Only two seasons
records are ava ilab le for th e westerly outer area; both show a rise of the
ground water. 'I'hese were years of larger winter run-off than the
three preceding winters. Th ere was less ris e in the more westerly wclls
for whi ch r ecords are ava ilable for the winter of 1917-18 than for
1920-21. Somewhat less movement of gr ound water outward on the
delta would be expected in 1917-18 than in 1920-21 as the ground water
on th e upper delta was lower, r elative ·to that on the outer delta with a
consequent flatter slop e to th e ground water.

'r ile data shown III Tabl e 19 have also been plotted in Fig. 5. A
fai rly cons istent relationship between the winter run-off and the

I
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ground water fluctuations in the main portions of th e Kaweah Delta is
shown. A winter discharge of about 20,000 acr e-feet appears to be
required in order to mainta in the ground water durin g the three
months on the upper delta. .T'his discha r ge would not all r each th e
ground water due to diversion for winter irrigation. Ther e would also
be some winter draft by pumping which might amount to 8000 to 10,000
acre-feet.

The r ise of the ground water in the area west of the Lindsay­
Strathmore Irrigation District appears to be in depend ent of th e winter
How in the Kaweah River. Such movement occurs under th e general
influence of the ground wate r slope from th e adjacent area within th e
areas covered by canals and the extent of variation of such slope in
years of different amounts of run-off does not appear to materially affect
the amount of such movemen t.

The data available for the west ern area of the lower K aweah Delta
do not cover a sufficient p eriod to enable a similar r elation to be plotted
0 11 Fig . 5. .

'l'he rise in the outer area during the win ter of 1921-2'2 was greater
than during the winter of 1920-21. The run-off was similar in the two
seasons, The rainfall was heavier in the second season and may have
resulted in some direct additions to the ground water as it came in
well concentrated storms. For the entire Kaweah are a the total
Jiuctuations appear to vary fa irly consistently with the run-off. The
curve shown on Fig. 5 is subject to the uncertainty involved in the

timated fluctuations of the lower delta for the seasons for which
lircct records are not available. •
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If any movement of ground wat er occurred from th e Kaweah area
into oth er areas it would be expected th at in order to balance the inflow
and draft an item covering the amount of such outflow would be
required. In a period of no inflow a lowering of t he ground water
proportional to the amount of such outflow would be expected. 'I'he
data given in Table 19 an d Fig. 5 indicate that even in winters of low
run-off such as 1917-18 there is a net ri se of the ground wat er. 'I'h e
curve for the whole area when extended indicates that even with no
run-off th ere would be no lowering of th e ground wat er over the area
as a whole. If such outward ground water movement does not occur
during the winter months it would not occur at other seasons of the
year. 'I'he data available on th e ground water fluctuations appears to
agree with th e conclusions previously given based on th e dis cussion of
the ground water contours that there is no indication of the occur rence
of any such outward ground water movement.

Formation of Kaweah Delta.

A further effor t was made t o trace an y possibl e outward ground
water movement by a study of th e materials encount ered in th e drilling
of wells. This cons iste d both of the collection of actual logs of wells
wher e avail abl e and of discussion ' of general condi tions with those
eng aged in well drilling. The conditions under whi ch the various
materi als for ming th e Kaweah Delt a have been deposited are too com­
plex to enable any definite structure to be developed from such data.
In general the first artesian strat a is found after passing through a
layer of blue clay at depths whi ch vary from about 350 feet near 'I'ulare
to 500 fee t at points five or six miles further west . Below these depths
alternating st r ata of sands and blue clays ar e found. Tho slope of
the upper blue clay strata is somewhat st eeper than that of th e present
ground surface. These st rata may have some relationship to the clays
occurring in the hog wallow areas near the upper edge of the valley,
the difference in color being du e to differences in condit ions affecting
oxidation. A well in the courthouse yard at Visalia is r eported to have
struck a ti ght r ed and yellow clay at a depth of 275 feet. Present
stream channels in the upper portion of the valley area ar e cut down
into the underl ying heavier formation and afford a means of access of
water to any pervious st ra ta of such formations. The depths given to
the first heavy clay strata may indicat e the thickness of the recent
valley alluvium or delta deposits.

Th ere is no difficulty in secur ing ground water supplies from wells
anywhere in th e main areas of th e Kaweah Delta and the wells are
usually r elatively shallow, few exceeding 200 feet in depth . In the
outer portions of the delt a th e water bearing strata are less frequent
and deeper. W est of a line approximate ly following the Santa Fe
Railroad from Corcoran to H anford, the yield of shallow wells is small
and deeper wells, usually artes ian, are used. It appear s that the upper
water bearing str ata t end to pinch out in this area and the only avail­
able supplies are from the lower areas containing water und er artesian
pressure. Flowing wells could formerly be obtained over a much
larger area than at present ; some wells flow only during the winter

• season now that formerly flowed continuously. The source of the
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water in th ese deeper strata appea rs to be th e Kaweah Delta until th e
general body of underground water underl ying the valley trough is
rea ched where 'the source may be th e mingled supply from all streams
tributary to the Tulare Lake Basin .

In Water Supply Paper 398 of the U. S. Geological Survey the
quality of the water obtained f rom differ ent depths in wells in this
vicinity is discussed with conclusions that appear to agre e with th e
general statements made above. W ells in the areas form erly covered
by Tulare Lake, wher e the formations consist of deposits from the lake
includ ing th e saline deposits du e to evaporat ion, are st ated t o yield
water high in sulphat es. 'Phose deeper wells in th e same areas which
draw their supply from sediments derived from th e east side streams
and deposited und er the lake bed fill secu re water of good quality.
'I'he eastern boundary of th e area affected by lake residues is shown as
running from Earlimart through Angiola, Corcoran, Guernsey and
Lemoore. . Data given regarding the depth of the lake deposits r esult
in the conclu sions that the thickness vari es from a negligible amount
near Corcoran an d Guernsey to 400 feet or mor e at a distance of six to
right miles west of Corcoran. Th e conclusion is also r eached th at
ground wat ers from the east and the west side sources do not mingle
to any lar g-e extent and that wells to the west of the middle of the hike
would probably encou nter the sulphate waters derived from west side
sources at all depths.

The lake bed deposits being of generally finer materials than tho se
deposited by th e st reams in building up th eir deltas are less freely
water yielding and the difference iri .both quality and quantity account
for the use of deeper wells in the area where the lake bed fills overlap
the direct stream deposits. 'I'his difference in th e conditions under
which the materials have been deposited appears to account for the
differences in wells in this area. Th e abruptness of the change in th e
conditions affecting surf ace wells ha s caused th e lin e of change to be
referred to locally as being a possible "fault line." Appar ently no
such assumption is needed to explain the condit ions exist ing her e.

'l'he data available on the character of the formations and the qua lity
of the water obt ain ed appear to st ill further support the conclusion
that no general outward movement of ground water from t he Kaweah
Delta occurs.' Th e tightening of th e surface strata on the western
portion of th e delt a would limit , if not entirely prevent, any such
1I10"e1l1ent in these st ra ta. Th e change in quality of the water in th e
deeper strata indi cates th at movement of the sulphate free water from
the Kaweah Delta has not progres sed beyond the areas ad jacent to the
dl'ltcl. •

GROUND WATER F L UCT UAT IO NS.

The general ground water fluctuat ions for any per iod indicat e the
balance between the elements of r eplen ishments and of draft for th at
period. The data on ground wat er from which the fluctuations can be
tudied on the Kaweah area consis ts of r ecords beginning ear ly in 1917

ow ' the upper and main canal areas and maintained to date by parties
to the pending litigat ion r esulting from the pumpin g by the Lindsay­

trathmore Irrigation District, data given in W ater Supp ly Paper
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398 of the U. S. Geological Survey on depths to ground water in 1905,
general informat ion on condit ions in past years and records exte nding
over th e outer portions of the Kaweah Delta from "July, 1920, t o
F ebru ary, 1922, secured in the course of these investigations. The
records of the L in dsay-St rathmore I r r igat ion District have been used
fo r the areas covered. 'I'hos e pertaining ' to the area immediat ely
adj acent t o th e area of pumping by the district have not been in cluded
in th e discussion which follows .

Ground Water F luct ua tions 1917 to 1921.
Th e records of wells indicat e that the lowering due to pumping ceases

in th e lat e fa ll and that a ri se due to the lessening of draft and the
recharge begins. A studj, of the well r ecords indicated that this
change in the groun d wat er eleva t ions occurs generally about November
1 and this date has been us ed as the division of t he ground water year.
As th e records did not begin until ear ly in 1917 a separate year from
March 1, 1917, t o March 1, 1918, is used for that season.

Th ese well readings cover all of ·th e Kaweah Delta except th e outer
por tion on th e west and southwest . The records of about 200 wells were
availab le for 'each of the years. About 80 wells were observed for the
outer area of the delta in these investi gations from July, 1920, to
F ebruary, 1922. The probable fluctuation of these wells for the other
years was est imated by comparison with adjacent wells for which
records covering- long per iods were avail able.

Th e change of elevati on in each well for each year was plotted on
maps showing the locat ion of each well and contours showing equal
chang es of r ise or fall were drawn from which the average changes
shown in Tab le 20 were determined. Map 3 gives the results for
1920- 21.

TABLE 20.

Summary of Averago Lowering of Ground Water, in Feet, in Kaweah Delta Areas, 1917 to 1921.

Average lowering for period in feet

Area.
Mar ., 1917 Nov. I , 1917 Nov. I, 1918 Nov. I, 1919~ Nov:I:1 920~ Nov. 1, 1917

to to to to to to
Mar., 1918 Nov. I , 1918 Nov. I , 1919 Nov. I , 1920 Nov. I , 1921 Nov. I, 1921

---
Main area of Kaweah Delta cov-

ered by canals diverting for
land s below Venicc HilIs_______ 2 .5 25 2.1 0 .1 0 .8 5.5

Areas covered by canals diverting
for lands mainly above VeniceHilIs ________________________ 0 .8 0 .9 0 .9 0 .2 0 .8 2.8

Area of lower Ka weah Delta out-
side of areas covered by canals, *2.3 *3.2 *2 .7 *1.3 1. 8 9.0 ·

Area west of Lindsa y-Strathmore
Irrigation District tow a r d
which ground water slopes
from the Kaweah Delta________ 1.5 2 .2 2 . 1 0 .8 1. 3 6.4

Mean ___________________ 1.9 2 .2 2 .0 0 .4 1.0 5.6

To tal run-off of Kaweah River-
acre-feet__________-___________ 391,500 237,000 281,500 377,500 373,500 317,500

E stimated total pumping draft -
162,000acre-feet _____________________ 109,000 124,000 133,000 142,000

Rainfall at Visalia-inches _______ 5 .21 8 .07 8 .85 9 .32 8.56

*Esti mate d.
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'I'he summations of the lowering of th e water table in different years
ar e not altogether consistent. It would be expected that the total low­
ering would be greatest in years of least rainfall and run-off and of
great est draft. The results in general vary with the amount of run-off
except for 1920 when the lowering was less than that in 1921 although
the run-off in the two years was practi cally the same.

Although th e total run-off in 1920 and in 1921 was closely the sam e,
its distribution by months differed. In 1920, 50 per cent of the run-off
occurred in May and June and 7 per cent during November to F ebruary
inclusive. In 1921 , th e run-off was more evenly distributed; only 28
per cent occurr ed during May and June and 16 per cent in November
to F ebruary. 'I'he more even run-off in 1921 resulted to some exten t
in a larger proportion of the supply being diverted by the older ditches
for ar eas near the upper portion of the delta with less water r eaching
the outer canal areas. In 1920 th e rainfall in th e area was somewhat
greater than in ]921. In "March, 1920 , th e r ainfall was 3.74 in ches at
Visalia and in 'March, 1921, 1.36 in ches with some resulting ear lier
pumping in 1921 than in 1920. In the early part of 1920 there wer e
some r estrictions placed on power for pumping du o to th e shor tage of
supply which had some effect in lessening the draft at tha t ti me,

For th e mean of 1920 and 1921 with a net available wat er supply of
369,000 acre-feet per year an area of 183,500 acres of cropped or sub­
irrigated land was supplied with a resulting average lowering of th e
ground wat er of 0.7 f eet over an area of 365.000 acres or a tot al drain­
ing of 255,000 aer e-feet of soil volum e. If th e ground water had
remained stationary a net average nse of about 2.0 acre-feet per acr e
would have"been indicated. Th e lowering' is difficult to est imate as th e
quantities of water r epresented by changes in ground water elevations
are variable. If th e loss in ground water storage du e to th e lowering
is estimated to represent an average of one-tenth of th e volume of th e
soil drained, a ground water depletion of 25,000 acre-feet is indicated.

'I'he mean annual gross run-off of the Kaweah Riv er has been
estimated to be 451,000 acre-feet of which an average of 55,000 acr e­
feet is not retained on th e Kaweah Delta, leaving an average net avail­
ahle supply of 396.000 acre-f eet . Th e differ ence between the net
available supply in ] 920 and 1921 and th e mean is 27,000 acre-feet .

'I'he above comparisons indicate that the present draft on the Kaweah
River run-off is closely equal to the mean annual net available supply.
An increase in use under existing condit ions would be expected to result
in 11 lowering of th e average ground wat er elevat ions.

'I'he conclusion that present use is about equal to the available supply
does not mean that all of th e present use can bc maintained without
further lowering of the ground water as th e supply and use in th e
different portions of the area are not bal an ced. In some portions due
to canal diversions and light pumping the ground wat er has ri sen since
the deficient years of ] 9] 8 and 1919, in other areas of small can al nso
or heavy pumping there has been a cont inual lowering of the ground
water which can only be expected to continue even in years of large
run-off under existing condit ions of diversion. Th e condit ions affecting
the different portions of th e area are discussed in detail later .
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Change in Ground Water Sinc e 1905.
In 'Water Supply P aper 398 of th e U. S. Geological Survey, " Ground

'Water in th e San J oaquin Valley, Californ ia ." readings of wells in
Tular e County with the owner's nam e, the sect ion, township and range
of th e location an d the depth of water are given. The report states
that the records were obtained during the per iod from 1905 to I 907 ; the
work in Tulare County is refer red to as of 1905. 'While the seasons of
1904 and 1905 were somewhat below norm al in r un-off, the pumping
draf t on the outer portion of th e delta was r elatively small at that tim e
and the water table was probably relati vely high .

An effor t was mad e to find th e wells read in 1905 in ord er to deter­
min e the changes in gr ound wat er elevat ion since that year . Such
comparisons were made for 97 well'S scattered from the vicin ity of
Visalia to the area which was artesian in 1905. Th e readings were
secured in 1920. Th e compar isons have been redu ced to the changes
f rom 1905 to 1917 by comparison with th e well records for the same
areas for the per iod 1917 to 1920.

'I'ho r esults are as f ollows:

Area Number of
wells found

Avera gc I Average
'lower tne. lowering;

1905 to un r 1917 to 19:!1

'1'. 18 S., R.s 23 a n d 24 E ., in v ic inity of Visalia..
T . 19 S., R.s 23-25 E ., ex t en d in g fr om Visa lia to

T uIa re .. ~ _

'1'. 20 S.• R.s 23 to 25 E ., extend ing from 'I'u larc
t ow a rd Corcoran _

31

33

33

4.0

1.3

30

1.1

7.0

10.8

The first gro up of wells are located gene rally wit hin th e canal served
area and show more drop f rom 1905 to 1917 th an for the period 1917
to 1921. In the second area the canal service is less exte nsive and more
ir r egular in amount with a consequent larger development of pumping
draf t in r ecent years. Thi s is indicated by the drop of 7.0 feet in the
last four years as compared to 1.3 f eet f or the previous twelve years.
For the third area there is little canal ser vice and pumping began
relati vely somewhat ear lier ; ho\\'ever , the dro p per year has been about
ten t imes as large f or the past four years as for th e previous ten years.
Not all of this differ ence should be cons idered to be du e to the relative
draft during the two per iods as th e last f our years have been ones of
less than average r un -off.

Variations in Conditions of W ater Supply an d
Use in Different Parts of K awe ah D elta .

Th e ava ilable data regardin g water supply, diversions. areas served.
pumping draft and ground water fluctu at ions for the Kaweah Delta
as a whole has been presented and discussed with the conclusion tim!
for th e total area of the Kaweah Delta the present rate of water COli­

sumption very closely equals the mean annual net available water
sup ply or tha t the present total irrigation development is as large as eau
be ma intained wit h the water snpply under existing conditions withou
a cont inuous lower ing of th e ground wat er in some parts of the delta
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over any period of years. This conclusion is limited to present condi­
ti ons exist ing in this area both as to the amount of the net availabl e
annual water supply and the character of its use . It has. also been
concluded that whil e the above condit ion is correct as an average for
the area as a whole, present development is not d ist ributed over the
delta in proportion to t he locally available sources of wat er supply and
that continued and serious loweri ng of th e ground water is occurring
and can only be expected to cont inue to occur in certain portions of the
ar ea if present condit ions are maintained.

Ther e is f req uent discussion of the r elative adva ntages of posit ion in
secur ing a p ermanent ground water supply between those located near
the upper end of a delta as compared with those located at the lower or
outer edges . Th e ground water occurs in the delta on a slope from the
up per end outward to the lower edges an d the argumen t is advanced
that as pumping becomes heavy the ground water in sto rage in the delta
will tend to become depleted and consequentl y to assum e a flatter slope
with a greate r lowering at the upper end of th e delt a than at the outer.
This would res ult in a more r ap id increase in the lif t on the upper end
with a mor e quickly f elt necessity of r edu cin g pumping due to in creases
in costs. This basis of r easoning has not been suppor ted by the experi­
ence on th e delta of Kaweah Riv er to date. Th e maximum lowering has
occurred in 'those areas near the outer and lowe r edges of the delt a
wherever heavy pumping has been practi ced with little local cana l
service while areas near the upper portion of the delta where rep len ish­
mont mainly occurs by p ercolation from the stream channel and cana l
use have maintained their grou nd water levels.

A similar advantage in position appears to be inherent to such
locations ncar the source of the ground water supply that exists on a
canal where th ose located near the head of the canal have a mater ial
advantage in securing water in times of scarcity over those on the lower
portion . Should a flattening of the ground water slope in the K aweah
Delta occur du e to a large lowering of the ground water in the upper
portion of the delta th e amount of ground water r eaching the outer
portions would be r edu ced as both the area of cross section an d the
slope under which such movement occurred would be r edu ced.

The lowering of th e ground water around th e edges of the Kaweah
Delta is resulting in in crea sing th e ground water slope toward those
areas and some in crease in the ground water movement is to be expected.
It is ext remely doubtful, however, if such incr eased ground water move­
ment will be sufficient to furnish the supply now being drawn f rom at
least some of these out er areas until th e total in cr ease in lif t has become
so great that pumping will be r estricted by th e result ing costs. Th e
present total fall of the ground water from the upper end of the delta
10 Goshen, Tulare or Lindsay is about 100 f eet. The velocity of ground
water is generally cons idered to vary abou t directly with the slope . 'I'o
doable the velocity would require that th e slope or fa ll be doubled or a
lowering of th e ground wat er of 100 f eet at the p oints mentioned
would probably be r equi red before double the present ground water
movement to th ese outer areas might be expected to take place.

The conditions in the separate portions of the general areas prev iously
discussed vary. 'I'he following discussion presents the concl usions



74 DEPARTMEN'l' OF P UBLIC WORKS.

r eached in th ese investi gations for th e local areas within the general ­
div ision s of the delta.

Main Area' Covered by Canals.

On Map 1 the areas ser ved by the larger number of the Kaweah
ditches are shown. On Map 3 the net ground water fluctuati ons for
1920-1921 are given. The ar ea served by th ose ditches havin g generally
the earlier pr iori ty of r ight to th e use of Kaweah River has mai n­
tained its ground water elevat ions during the past two yea rs of some­
what less than normal run-off.

Th er e was an area of 135,000 acres cover ing the lands within which
the 1921 canal irrigation on th e delta was applied, out of th e total ar ea
of 190,000 acres previously classed as th e general area within which
canal irrigation may be applied, for whi ch th e ground water averaged
in 1921 to r emain at th e same elevation, th e local ri ses balancing other
local lowering. The pumping draft in this area averaged 0.3 acre-feet
per acre of gross area . For th e conditions existing in 1921 the inflow
to th e ground water ba lanced the r ate of local pumping dr af t and the
ground water movement into th e outer parts of the delta. In thc same
area in 1919- 20 th ere was an average r ise of th e ground wat er of 0.25
f eet . F or th e period of 1917- 1921 th e portion of the area in the
vi cinity of Visalia has had no ground water loweri ng ; abou t one-half
of the area has lower ed less than two f eet and th e outer portions have
lower ed as mu ch as five f eet. 'I'his area in cludes th e areas north of the
St. •Johns River served by th e Matthews and Uphill ditches and in gen­
eral th e area between St . Johns River and the easte r n boundary of the
lands ser ved by th e P eoples Ditch and ext ending to the southwest to
about th e lin e of th e Southern Pacific Railroad from Tulare to Goshen.
']'h er e was in general some ri se in th e ground water in the upper por­
ti ons of this area in 1921 an d some lower in g in the lower portions. In
this area t here were 43,700 acres r eported as rece iving canal service
only, 14,800 acre s r eceiving both dit ch and pump service, and 14,500
acr es r eceiving pumped wat er only , a total area of 73,000 acres or
sli ghtly over 40 per cent of the total irrigated area dependent on
Kaweah River.

Th e run-off in 1920-21 was 93 pel' cent of th e est imated mean annual
net avail able supply under exist ing condit ions, the actual shortage being
27,000 acre-feet. _With present condit ions of use it would appear that
this area can be expected to ma intain its ground wat er elevations with
some lowering in dry years and r ecovery in excess years . An increase
in pumping draft parti cularly at th e upper end of this ar ea would not
be expected to result in material ground water lower ing within the area
itself bu t will serve to intercept some groun d waters now moving to the
outer areas and incr ease the r ate of lowering th ere. Due to the high
ground water in some parts of th e upper area th ere is now loss of
moisture from subirr-i gated areas in excess of beneficial needs. An
in crease in draft in th ese areas with a lower ing of the ground water
would r esult in th e salvage of su ch losses.

'1'0 maintain not only the average ground water elevation over thi
area as a whol e bu t also in it" parts, th e distribution of a larger pro­
portion of the run-off for surfac e irrigation in th e areas more distant
from th e r iver than occurred in 1921 will be required. Such increa e in
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canal us e in the outer areas would serve both to r educe th e draft and .
to in crease th e r epl enishment in those local areas.

'I'he remaining 55,000 acres of th e area previously classed as the main
canal served area lying west of the Southern Pacific Ra ilroad and
extending from Goshen to th e 'rule River has been included in th e main
canal area as shown on Map 2 du e to th e fa ct that in years of excess ·
run-off portions of this area may receive canal service principally from
the P ackwood, Tulare Irrigation Distr ict and E lk Bayou systems. In
1920 and 1921 the lands ir ri gated in this area were r elati vely sma ll.
The ground lowered over all of this area, th e amounts bein g in gen­
eral proportion to t he extent of th e local draft . 'I'he average lowering
was 2.6 feet with a maximum lowering of ab out five f eet. For th e
period 1917. to 1921 the total "lowering has varied from five to twenty
feet being largest in th e area of heavy pumpin g west of 'I'ulare.

In th e easte rn half of T . 20 S., R. 23 E. in whi ch there was very little
canal irrigation in 1921 bu t wher e th e pumping draf t averaged 1.3
acre-feet per acre of gross area th er e was an average lower ing of four
feet f or the year. The rate of draft is four times the average rate for
the area whi ch held it s ground water elevat ions in 1920-21. This heavy
rate of draft with out di r ect canal irrigation within the area can only
he expected to re sult in a rela ti vely r apid lowering of the ground water.
The div ersion of larger amounts of canal wa ter in to this area or the
lessening of the draft by more care f ul us c of th e water pumped will 'be
required if th e present developm ent is to be maintained.

In th e west ern portions '1'. 20 S. , R 24 E. not included in th e canal
area maintainin g its ground wat er in 1921 , ther e was an average draft
of 0.8 acre-feet pCI' acre of gro ss area and an aver age lowering of 2.6
feet in the ground water . Conditi ons in this area differ from those in
the eastern part of T. 20 S. , R 23 E. only in degree. The average
pumping draft is somewhat less and the canal irrigation slightly
greater with a consequent less lowering of the ground water. 'I'he bal­
ance for 1921 is a material lowering however, and present development
can only be ma intained without permanent ground water lowering by
the use of larger amounts of canal irrigation than have been us ed .in
recent years. '1'he perman ence of present rates of pumping in this area
will depend on the extent to whi ch canal water may be brought into this
area in years of more than normal run-off.

In th~ southwestern part of '1'. 19 S., R 24 E. an average draft of 9.6
acre-feet per acre of gross area r e.sulted in an average ground water
lowering of 2.7 feet in 1921. In th e southeaste rn part of '1'. 19 S., R.
2i E. where some canal irrigation was r eceived an average draft of 0.9
acre-feet per acre of gross area r esulted in an average loweri ng of 0.7
feet in 1921. Sin ce 1917 th e av erage lowering in th e southweste rn part
of this township ha s been about] 5 f eet as compa re d with 10 f eet in the
southeastern portion. 'I'hese di ffer ences illustr ate the effect of the addi­
tional canal use in the southeaste rn part of th e township wher e a
heavier draft is ma intain ed with less lowering than in the ad jacent
southwestern portion.

The differences in th e conditions of draft and r epl eni shm ent in th e
different parts of th ese areas is furth er illustrated by the hydrographs
of typical wells shown in F igs. 6 to 8. Th e location of each well is
.hown on Map 2,
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'I'he character of the fluctuat ion of ground water at any point re flects
th e conditi ons affecting the well. 'I'h e wells used are ones whi ch are not
subjec t to heavy draft and consequently reflect average changes f or
the vicinity rather than the local effects of sin gle plants. A well whose
hydrograph shows lit tl e change during the year in gene ra l indicates a
limit ed recharge or a locat ion at consider able distance from any direct
source of supply . W ells adjacent to streams or canal use generally
show a marked rise at th e period of flow in such channels or of use
under the canal. A lower in g du rin g the later season when ru n-off has
diminished and the draf t is a maximum is to be expecte d.
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In Fig. 6 the hydrograph s of four wells extending along the general
direction of Outside Creek are shown. \¥ell 531 is located one mile
W83t of Exeter in the area serv ed by the Consolidated Peoples Di tch.
The hydrograph shows the r ise each year during th e period of large
run-off in May and J une with the lowerin g in the late summer during
the period of draft, the r ise beginning about November 1. Since 1918
the lowering of this well f rom year to yea r has not been regular and
little marked drop is shown. The high elevations of 1917 fo llowing th e
excess run-off of 1916 have not been regained however .

Well 1009 is located about four mil es alon g th e course of Outsi de
Creek from well 531. The r ecords are not as complete but no pro­
nounced t end ency toward lowerin g is shown. This well is within th e
area receiving reg ula r canal service. W ell 1813 is located at th e lower
end of the irrigated area under the P eoples and Farmers ditches and
adjacent to Outside Creek. Th er e is little local pumping. There is
littl e recharge shown during th e periods of flow in Outside Creek with
a continual lowering for each year covered by the record.

Well R35 is locat ed at the southwestern limit of canal irrigation f rom
Kaweah River in an area wher e practically n o can al water was r eceived
in 1920 and 1921 and where th ere was only limited pumping in its
vicinity. A cont inual drop of about two fcet per year is shown wit hout
any periods of definite r ise.
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In Fig. 7 wells 519 to 1912 are locat ed along the general direction of
Deep Creek. W ell 519 is locat ed in the upper portion of the delta
and shows the effect of local st ream flow and irri gation. This well in
1921 had practi cally r ecovered the ·1917. elevations, W ell 1629 is also
within the canal areas r eceiving regular service and has recovered since
1919. W ell 1625 is located two mil es northeast of 'I'ulare in an area
receiving irregular can al ser vice and of f airly heavy pumping. A
marked lowering from 1917 to 1919 is shownwith very small changes
since 1919. W ell 1708 is locat ed west of Tulare in an area of heavy
pumping 'where no canal service has been received since 1917. 'I'he
quick respons e to irrigation in 1917 and the cont inua l lowering since
1917 ar e noticeable in this well. Unless water for ir ri gation f rom
canals is brought to this area with fair regularity a continua l lowering
is to be anticipate d.

Well 1952 is located about one-half way between Tulare and Cor­
coran in .an area considered within tho main Kaweah Delt a but where
very little canal service is r eceived. A marked and cont inuous lower­
ing is shown. W ell R32 is located outside the cana l area in th e lower
delta and shows a st eady lowering due to pumping. W ell 1912 is
located at Tulare and like w·cll1708 reflect 'S the effect of canal irrigation
in 1917 and th e lack of such repl enishm ent since 1917.

Well 1402 in Fig. 7 is located two mil es east of Visali a near P ackwood
Creek. It has n early maintained th e 1917 elevation du e to its location
in the area of regular canal irrigation. W ell 1633 is locat ed two mil es
south of Visalia under conditions similar to well 1402 except that
adjacent canal irrigation is not as extensive. W ell 1732 is located four
miles west of well 1633 at the west ern edge of canal irrigation. Th e
lowering in the two dry years of 1918 and 1919 is noticeable. Since
1919 the replenishment has balanced th e draft. There is an area of
heavy pumping to th e west of this well. W ell 1706 is locat ed in the
area of the P ackwood Canal where cana l service has been very limited
since 1917 and wher e pumping is heavy. An average drop of about
Iour feet per year is shown. W ell R18 is locat ed at the west limit of
the area which is understood to ever r eceive canal irrigation and wher e
no canal water has been used since prior to 1920. A continual drop
with no recovery is shown. '
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In F ig. 8 are shown hydrographs of wells in th e northern part of
Kaweah Delta. W ell 1502 is three miles west of Vi salia under the
Watson Ditc h . A definite annual r ise during the peri od of high flow
in the Kaweah an d a recovery of the 1917 elevations are shown . 'Well
] 505 is at Goshen. 'I'hcr e is li mited canal me in t he vicinity and more
pumping than n ear well 1502 . 'I'he differ ence in the f orm of the annual
cycles is noti ceable. \Ve1l 1505 shows a continual lower ing. W ell R4 is
one mile west of Goshen and shows more lowering in 1921 th an well
1505.

Wells 1411 and 1417 in Fig. 8 are alon g th e course of St. Johns R iver
under the Matthews Ditch and shows similar fluctuations . W ell R5 8 is
flll,ther west and sho ws a less marked su mmer r ise with no lowering.
Well 1428 is under the U phill Ditch north of St. J ohn s River, its
hyd rograph being simila r to th ose nearer th e river.

Lower an d W es tern Part of Kaw eah Del ta.
In th e area extending west from the main canal area to Cr oss Creek

and south to 'I'ule River there is no direct canal irri gatio n excep t for
a small area adjacent to Cross Creek. Th e pumping d raft varies with
the different par ts of the area , The aver ages dr aft and lower ing f or
the differ ent parts of th is area in 1921 ar e as fo llows :

Avera ge pumping draft I Average lowering of
Area in acre- feet per acre ground water .

of gross area feet

'I'. 18 S.• R. 23 E ._______ ________ ______ ____ ________ 0.5 1.2
'I' . 19 S.• R. 23 K____ ____ _____________ _______ _____ 0.5 1.3
'1'. 20 S., R. 23 K_ _______ ___ ______________ ____ ____ 0.9 3.2
'1'.2 1 S.• R. 23 E .______________________ ___________ 0.2 1.7
'1'.5 19, 20 and 21 S., R 22 E.__________ _____ _____ 0.1 0.6

These figures show a consistent r elati onship of dr af t arid lowerin g
except for '1'. 21 S., R. 23 E. The draf t in this township is r elati vely
light but it s distan ce from any dire ct sou rces of r eplenishm ent results
in a larger lowering in proportion to the draft than in oth er ar eas.
The rate of draf t in the west ern part of '1' . 20 S., R. 23 E . as given abov e
is about two-thirds t hat in th e eastern part as given previously with
a lowering in th e western par t equal to 80 per cen t that in the easte rn .
The western part is more sensitive to dra f t apparently due to its greater
distance from di rect sources of supply.

'l'ho areas in range 22 east have a low rate of draft , the development
being scattered. E ven this r ate of me resulted in a lowering in 1921,

The fluctu ations of typical wells in this area ar e shown in Figs. 7 and
. Well R23A, Fig. 7, is in an area of heavy local pump ing wher e the

slimmer lowerin g has been only partly rec overed during the winter
months. Well R41 is adjacent to Cross Cree k an d shows some effect
from the J un e flow through Cross Creek. There is no pumping within
over one mile of th is well and lit tl e lowering is shown .

' Yell A6 is a deep well under similar local conditions to well R23A.
Well A5 is also a deep well under cond itions simila r to sha llow well R 32.
Hoth of these deep wells show a wid er fluctu ati on during th e year with

G- 210H
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a marked recovery of pressure in the win ter . A net loss is shown for
each year however.

W ell R6 , F'ig. 8, is five mil es west of Goshen and shows some ri se in
the spring of 1921 which may be caused by the Lakesid e Dit ch flow in
Cross Creek. Th e well is at the western edge of present pumping.

UPPER CANAL AREAS.

Th e area cons idered under th e above headin g is shown on Map 2.
The division lin es are not definit e but the area in cludes the lands whose
ground water ap pears to be derived from the Kaw eah Ri ver above
Veni ce Hills or f rom cana ls diverting from the upper portions of the
r iver . 'I'he Marks and Ri ce, the Lemon Cove and the Merryman ditches
diver t on th e south side of th e r iver. Th e Wutchumna Ditch div erts on
the north side. Longs Canal an d th e Enlow and the H amilton ditches
diver t below McKa y Po int for lan ds along the stream channels. The
diversion records are given with the record s of all canals.

Near the St. Johns and Kaweah channels the ar ea irrigated by canals
is partly subirr igated, Li ttle pumping is practi ced in th ese lower lands
for local m e. Th e pumping plan ts of the Lindsay-Strathm ore Irriga­
tion Dist ric t arc locat ed in this area, the water pumped being t aken to
the lands whose natural source of ground waters is mainly Lewis Creek.

For the lands ly ing in the northwestern pa rt of this area and partly
ser ved by th e Wutehumna Ditch the ground wat er contours indicate a
direction of movement from above Venice H ills between the hills and
Cottonwood Creek. The extent of repl enishm ent in r ela tion to the
draft du rin g the past four years has resulted in an average lowering of
3.6 f eet in the ground water. Th ere has been a r elat ively lar ger increase
in the area sup plied by pumps in some parts of this area during the
past year th an in other pa rts of the upper ar ea. 'I'he lowering during
the past four years has been greatest in the por tion of the area in the
southwestern par t of township 17 south, range 26 east .

As the W utchumna is one of the old er r ights on Kaweah River its
diversions vary to a less ext ent f rom year to year tha n those of canals
of later r ights. Th e loweri ng of wells in this area during the past four
years and particularly during 1921 appears to indicate that the move­
ment of general groun d wat ers from th e Kaweah River and possibly
from Cottonwood Creek together with such ad dit ions to ground water as
may result f rom the use of Wutch umna Ditch water have not been
!"ufflc ient to mainta in the present draft without a cont inued lowering of
t he wells. Additional development by pumping in this area would be
expected t o result in a: continued loweri ng of the water ta ble with
eventual difficulties du e to great er lif ts an d addit iona l cost of obtain­
ing the require d supplies u nless addit ional canal diversions into the area
are made.
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W ell 713A in Fig. 9 is located near th e hills above Woodlake and under
the Wutehurnna Cana l. A very st eady condition is shown without any
noticea-ble effect of either draf t or r epl enishment . W ell 701 is nearer
the riv er and responds to th e conditions of run-off and pumping draft
with less lower ing than in oth er areas fur th er from the st ream.

Well 808 on F ig. 9 is near Cotton wood Creek west of Woodlake in the
vicinity of r ecent pumping developm ent. A continuous drop is shown.
W ell 231 is located west of Venice H ills in an area where th e Venice
H ills may int er cept the nat ural directi on of replenishment. Li ttle sea­
sona l rluctuation with a cont inuous lowering is shown. Well 1420 is at
th e western edge of the upper cana l area. 'l'h ere is little local pumping
near this 'well and no mar ked effects of draf t or replenishment are
shown.

On th e south sid e of th e r iver the larger pumpin g area is located in
the southeast ern part of township 18 south, r ange 26 east. where the
development is r elatively complete. Th e upper part of this ar ea
receives some supp ly from t he Merryman Ditch. Yokohl Creek, whose
mean annual discharge has been previously estimated at 4000 acre-feet
per year, t r averses this area. 'l' hat th ese sources of supply togeth er with
such movement as may occur from Kaweah River chan nels in to this area
have not beeen sufficient to equal th e dra f t during the pa st fou r years,
is indicated by th e average lower ing of 13 feet in the wat er levels under
3000 acres of the heavier pumping. Th e drop in 1921 for the same area
averaged nearly f our f eet . Th e draf t on this ar ea in 1921 was esti­
mated as 1.7 acre-feet per acr e of gross area, 2460 acres being irr igated.
Statements of owners indicat e tha t the lowering of th e water table
has been about 25 f eet in the past 11 years . 'I'he perm an ence of the
present development in this ar ea app ears to depend on securing some
substitute source of supply which will perm it the pump in g draft to be
reduced. A cont inuance of present conditions can only be expected to
r esu lt in a continued loweri ng of the water t able.

I n F ig. 9 the hyd rograph of well 428 is shown. This well is below
th c Mer ryman Di tch in an area wher e pumping is heavy. The ground
water received from th e availab le sources of r eplenishment hag not been
sufficien t to maintain it s eleva tions and an average drop per year of
f our feet is shown.

Area of Kaweah D elta West of Lindsay-Strathmore Irrigation District.

. The pumping in this ar ea is lar gely grouped in two areas, one in the
north portion near E xeter and one in th e south port ion west of Lindsay.

. P Ol' all the area in '1'. 19 8. , R. 26 E. in clu ded iu this area the average
dra ft in 1921 was 1.0 acre-feet per acre with an aver age lower ing of 2.0
feet; for the six sections of heavi est pumping th e draf t avera ged 1.6
acre-feet per acre of gross ar ea wit h a loweri ng of 2.2 f eet. InT. 20 S.,
R. 26 E . the average draf t for the whole area in cluded was 0.75 acre­
feet per acre of gross area with a lower ing of 1.6 feet; for the nine
secti ons of heaviest pumping the draf t avera ged 1.4 acre-feet per acre
of gross area wit h an aver age lower ing of 1.9 f eet . The tota l lowering
has avera ged nin e feet f rom 1917 to 1921 with a maximum lowering
west of Lindsay of over 30 feet. 'I'he average lowering for the two
years 1920 and 1921. was 1.5 f eet per year as compare d wit h an average
annual lowering of :1.0 f eet for th e two previous years. I n 1920 and
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1921 th e run-off of Kaweah River has been larger than in 1918 and
1919 with a resulting larger amount of irrigation on adjacent areas on
th e Kaweah D elta , the draft ma y have decreased somewhat due to
lessened di scharge of pumps on th e la rger lifts or due to more careful
use of water and th e in cr ease of slope into th e area from the vicinity of
Outside Creek may have r esulted in some increased ground water move­
ment into the area. The data on ri se of th e ground water in this area
during th e winter months (Table I 9) shows little increase in such rise
in 1921. Th e decrease iu the rate of lowerin g has been mu ch greater in
the northern portion of this area than in the southern. In 1920 and
] 921 the av erage lowering in T . 19 S., R. 26 E . was 1.5 f cet and in 1918
and 1919, 3.6 f eet . In T . 20 S., R. 26 E. th e ave rage lower ing in 1920
and 1921 was 1.5 f eet and in 1918 and 1919, 2.4 feet. The area around
Exeter appears to r eceive more direct effects fro m ru n-off than th e area
west of Li ndsay. As 1920 and 1921 had a run-off equal to over 90 per
cent of t he mean annual n et availab le su pply a con tinued lower in g of

. the gro un d water in these are as is to be expecte d under existing con­
diti ons.

In Fig. 9 hydro graphs of typical wells in the area betw een E xeter
and Lindsay ar e shown . W ell 433 is south of Exeter in an ar ea of
heavy pumping with some use under the Merryman Cana l to t he east
aud under th e Peoples Ditch to t he west. The summer draft prevents
any summer r ise showing if one occurs. A winter recovery is shown
with a steady lower ing in each year.

Well 918 is located foul' mil es south of Exet er at th e southern edge
of the heavy pumping. A continuous lowering' is also shown by th is
well. Well 1311 is west of Lindsay in an area distant from any source
of supply. As th e local pumping is less than in other parts of this area
the lowering while cont in uous has been less in amount than in wells
4:33 and sis.

AREAS ADJACENT TO KAWEAH DELTA,

Areas Alo ng the Foothills North of Kaweah River Areas.

Well readings wer e secured as far north as the north line of to wnship
17 south in th e area of the Alta and th e Footh ill irrigation districts.
'I'lie ar eas to th e south boundaries of these two districts arc considered
to he dependent on Kings River for their water supply . K in gs River
water is now obtained by th e Alta d istrict and the ground water con­
toms ind icate the source of sup ply of the ground water within the
district is fro m the north ward . Th e areas within the Foothill district
adjacent to thc K aweah areas a re dependent on thei r very limited local
drain age fro m the hil ls behind them. As such areas are making efforts
to secur e a water supply from Kings River no detail study of their
local supply ha s been made. It would ap pear, however, that any such
local source of snpply must -be very lim ited and sufficient for only a
very limit ed area.

"'Vell R61, Fig. S, is in th e Alta Irrigation District and west of
Seville. A cont inual lower ing each year is shown. Well R74 is also
in the Alta district and r eflects more definitely the effect of irrigation
from the Alta canals. We ll R81 is on th e south line of the Alta district
and south of Cottonwood Cr eek. A small but steady rise is shown.
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W ell R70 , F'ig. 8, is located in th e Foothill Irrigation District near
the edge of the valley. A continual lowering du e to pumping is shown.

Cottonwood Creek Area.
P umping for local ir ri gati on is practiced alon g Cottonwood- Creek

for several miles above Woodlake. Th e divi sion of the areas depend ent
on Cottonwood Creek f rom the area dep endent on Kaweah River for
its ground wate r supply has been taken somewhat arbitrarily as the
north line of Sees. 25' and 26, T . 17 S., R. 26 E. 'I'her e is some area
south of this line in which the ground water may be derived from either
or both sources.

Th e canvass of pumping plants was car r ied into Sec. 27, T. 16 S.,
R. 26 E . A t otal area of 3372 acres of orchard and vin es was found
to be irrigated from wells drawing on Cottonwood Creek ground water.
Data obtained on the discharge of the plants and the time of operation
indicates uses in some cases exceeding three acre-feet per acre. Assum­
in g an average draft of 2.5 acre-feet per acre gives a total draft of '
8450 acre-feet per year. Other areas above those covered by the field
canvass on which some water may be used are not included in the
figures given.

Th e est imated mean annual discharge of Cottonwood Creek has been
given previously as 7000 acre -feet . Neither this est imate of run-off or
t hat of the pr esent draft can be regarded as being of sufficient accuracy
to warran t reaching a defini te conclusion on the exte nt to which present
draft may exceed t he aver age recharge. Much the greate r portion of
the run-off of Cottonwood Creek is absorbed within this area. Both
t he nature of the form ati on and th e ground water contours indi cate
that t his area has no other source of supply except Cottonwood Creek.

Th at the present draft is r elatively heavy in this area is also indi­
cated by the fluctuati ons of th e wells. Th e stat ements of owners
indicate that th e wat er table has fallen from 15 to 25 feet in the past
eight yea rs, the lar ger part of this drop occurring since 1918 and being
more marked in 1921.

Th e only direct well readings available are for three wells observed
in these investi gations. F or th ose in th e main vall ey th e drop from
1920 to 1921 was about four feet. Th e hydrograph of one of these
wells, R68, is given in Fig. 9. Th e run-off of th e creek for the four
seasons, 1918 to 1921, was probably about one-half of normal, so that
such lowering may be du e t o deficiency in supply rather than to excess
of draft. 'l'h e rat e of draft is in excess of one acre-foot pel' acre of
total area of cree k fill whi ch exceeds the rate of draft for thos e portions
of th e Kaweah Delta on which ground water elevations are being
maintained.

Th e above discussion, while indefinite as to numerical it ems, indicates
that caut ion should be used in in creasing the draft on th e ground water
in th e ar eas whi ch depend on Cottonwood Creek for their recharge until
the abili ty of such ground water to r ecover has been actually demon­
strated by experience in years of large run-off.
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Lewis Creek Area.
This area in clud es the lands along th e edge of the hills between the

deltas of K aweah an d Tule r ivers whose only di rectly tributary run-off
is th at of Lewis Creek and adjacent minor areas. Nea rly all of the
land is included wit hin the boun da ries of the Lindsay-Strathmore I rr'i­
gation District which receives its water supply by pumping from areas
adj acent to Kaweah River. There are some lands not included in the
district which depen d entirely on pumping and some lands within the
district pump from their own wells to supplement th e district supply .

Prior to th e or ganization of th e ir rigati on district the pumping
with in this area resulted in a lowering of the water table to a point
where the qual ity of water obtained f rom many wells became unsui ted
for use in irrigation. Sin ce th e beginning of delivery of water by the
district many wells have recovered a large part of the previous drop,
other wells where local pumping has contin ued have fluctuated with the
extent of such pumping. Th e experience with pumping prior to 1918
definit ely demonstrates tha t the locally ava ilab le ground water su pplies
are ent irely inadequate for the needs of th e present plant ed are a and
that the maintena nce of the existing bearing orchards requires an
outsi de source of water supply.

The boundaries of this area as discussed her e were determined from
the ground water contou r map , Map 2. Lands under which th e exist­
ing ground wat er slopes are f rom th e liills rather than f rom either
Kaweah or Tul e River sources wer e included. The area which would
have been included in a similar classificat ion based on the ground water
contours as t hey probab ly exist ed before any pumping was practiced
would have extended further to the west as th e effect of th e max imum
lowering of th e ground wat er of 60 feet or more in this vicini ty has been
to change the natural slope an d direction of the gro und water contours
and to create an artificial slope center ing in the area of greatest lower­
ing in th e vicini ty of Lindsay.

The est imated mean annua l run-off of Lewis Creek as p reviously
given is 1500 acre-feet. Th e actual run-off varies widely in different
years and may be almost negligible in amount in year s of small
precipitation.

The data available on the water used within this area are shown in
Table 21. 'I'he figures for th e Lindsay-Strathmore dist ri ct were sup­
plied by th e dis trict. 'I'h e data for ar eas outsi de the dist r ict were
secured in the canvass of these areas mad e in these in vest igations. Th e
estimated draft is computed as an average of 2.5 acre-feet per acr e
based on the est imat ed average pumping draft for orcha rds. Th is is
larger th an the wat er supplied per acre by the Lindsay-St rathmore
district . Wh ere obtainable some owners within th e dist r ict are supple­
mentin g th e supply received from the district with ad ditional pumping
from wells.

Both the nature of th e const ruct ion of the district 's canal system and
the records of delivery indicat e a very small seepage loss f rom th e canal
system. In irrigation on th e soils within the district mu ch difficulty
is experienced in securing ad equat e depth of moisture penetration and
percolat ion loss would be expected to be a minimum. Th e p resent
draft over this area appears to exceed the total probable r echarge. Th e
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TABLE 21.

Data Relaling 10 Use of Waler in Lewis Creek Area.

1918 1919 1920 1921
---- -----

Data for lands within Lindsay-Strathmore Irrigation District :
-Acres irrigated__________ ___________ ___________________ ________ 7,904 9,300 9,3i1 9,400
Tota l acre-feet pumped____________ _____________________________ 13,680 15,246 15,122 ' 13,567

I
Total acre-feet sold____________________________________________ 13,157 14,684 14,329 - - - - - - - - - -
Conveyance Joss, acre-feet , _____________________________________ 523 562 793 - - - - - - - - - -
Conveyance loss, per cent, _______ _____ __ ____ __ ____ ______ _______ _ 3 .8 2 .t 5 .2 - - - - - - - - - -Average acre-feet per acre sold__________________________________ 1. 67 1.58 1.53 - - - - - - - - - -

Data for lands not included within boundaries of Lindsay-Strathmore
Irrigation District:

Area irrigated, acrcs______________ _____________ _________________ -- --- --- -- - - - - - - - - - - -- - - - - - - - - 1,485
Estimated pumping draft total, acre-feet , _________________________ - - - - - - - --- - -- ---- --- - - - -- - - -- - 3,700

NOTE-Supplemental pumping for lands within the Lindsay-Strathmore Irr igat ion District is not included as data
on the area served and amount pumped is not available.

!Water returned to Kaweah River is not included.

well r ecords within the ar ea indicate a general r ise within the area
serv ed by th e district du ring th e last fo ur years sin ce the pumping
draft has been re duce d by the use of outsid e sources of sup ply and a
loweri ng on the parts of t he area contin uing heavy local pumpi ng.

W ells 1216 and 1224 in F ig . 9 are typical of the vari at ions shown
by wells in this area. Viell 1216 is east of Lindsay in the area supplied
bv the district. A contin ua l r ise sinc e 1917 is shown . W ell 1224 is
l ~cated nor th of Strathmore 'outside of t he distri ct in an area of local
pumping and shows a heavy summer draw down with an average
lowering of about thr ee feet per year.

L akeside Ditch Area.
The area served bv the Lakesid e Ditch li es west of Cross Creek and is

not a p art of the K~weah D elta . The water diver ted by t his system is
cons idered to have no effect on t he ground water of the delta. The
area ser ved is adjacent and to some extent overlap s that served by
di t ches diver ting from Kings River. The ground water is r elatively
hi gh and the soi l conditions less favorable as a whole than those on t he
K aweah Delta.

Th e records of diversions show that the L akesid e Ditch secure d about
one -seventh of t he total d iversions from the Kaweah River for the '

' per iod covered by the r ecor ds in 1917 and about one-fifth in 1920 and
1921. Th e average di version appears to be about 45,000 acre-feet per
year. This water accomplish ed less useful r esults than that diverted
on other parts of the K aweah D elta as it is used in an are a having an
excess present ground water supply and is -not available for r eplenish­
ment of gr ound wat er on th e Kaweah Delta. Any means which would
r esult in the tran sfer of all or part of t he water now diverted by the
Lakeside Di tch for use on areas on the Kaweah D elta where develop­
ment has exceeded the ground water supplies would in cr ease t he bene­
ficial r esults obtained from the Kaweah River run-off. A larger use
of pumping within the L akeside Ditch area would permit the t r ansfer
of at least part of t he present use without reduc tion in the area now
irrigated. Such pumping might also be of benefit by lower ing the
gr ound wat er in t hose areas under t he L akesid e Dit ch wher e it is now
too high .
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W ell R53 in F ig. 8 is located just cast of Cross Creek acro ss f rom
the area served by the L akeside Di tch. Th ere is some summer r ise du e
to flow in Cross Cr eek or the adjacent ir ri gati on. 'I'her e is very little
local pumping near this well,

Corcoran Irrigation Di st ric t.
The Corcoran Irrigatio n District r eceives water through the Lake

Lan ds' Canal which diverts from Kings River and uses Cross Creek
for a por tion of it s length. 'I'his use of the Lake Lands Canal began
in 1918: F luctuations of wells within t he Corc or an dist ri ct ar e
-illust rat ed by W ell R50, F ig. S, wh ich shows very lit tle chang e at an y
t imednrin g 1921. Well C8A in Fig. S is a sha llow well whi ch shows
some r espon se t o" t he dist r ict '8 canal use in J une, 1921. W ell C7 is a
deep well near W ell CSA. Its very diff eren t cycle and the lowering
from February, 1921, t o F ebruary, 1922, are noticeabl e in comp ar ison
with the shallow well CSA.
. Conditionsin this ar ca do n ot ap pear favorable for secur ing depend­
able or adequate ground 'water supplies f rom sha llow wells. Larger
yields might be secured fro m deeper wells bu t th e sens it iveness of such
strata to pumping either locall y or t o the east and the large cost of such
deep wells make extensive developm ent of such sources ap pear
hazardous. 'I'he area is probably st ill within what might be consider ed
to be the K aweah Delta but r epresents t hose port ions p reviously dis ­
cussed in connection wit h th e for mat ion of the delta wher e th e more
shallow water st r ata become less per vious.
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CHAPTER V.

KAWEAH RIVER STORAGE SITES.

Present uses from Kaweah River will largely control any possible
storage on this st ream. Any storage affecting the run-off to an extent
which would affect or interfer e with present div ersions would invo lve
adjustments with such present uses.

Th e study of the extent and fe asibility of storage has been
approached first from the point of view of its f easibility without con­
sideration of present developm ents and second from the point of view
of exist ing uses. Th e first point of view is that which would govern
if ther e wer e no p rese nt uses to be considered and if the use of th e
available water supply could be approached as a new development to
be planned for the maximum use of the water re sour ces. It r epresents
a somewhat ideal type of development, any falling short of this ideal
measures the disadvantage of present development in restricting the
attainment of such id eal. The second point of view represents th e
additional developments whi ch it may be f easibl e to make without
injury to present uses.

AVAILABLE STORAGE SITES.

'1'0 r egul at e the run-off of a stream f or irrigation, a r eservoir site
should be locat ed so as to receive th e ·r un-off of practically all of the
drainage area. In addition it should be water t ight and of reasonable
const ruction cost . Th e drainage ar ea of the K aweah River is generally
rugged; except for small areas at the top of the drainage the grades of
the streams are steep and without basin s available for use as reservoirs.
Th e mountain meadows in the upper portions may be sufficient to
furnish storage for their local drainage areas but the total ext ent of
such storage ava ilable is entirely in adequate to control the stream as a
whole. Any site ab ove Three Riv ers could control only the fork on
whi ch it might be situated. .

Th e only r eservoir site meeting-the requirements f or full control of
th e st rea m is th e one known locally as the Ward or the Ho mer 's Grade
site, the dam site of whi ch is located about three miles below Thr ee
Rivers. Pract ically the entire run-off of th e drainage area passes
through this site. Th e founda ti on at the dam site is of good quality.
'I'he capacity which can be stored is adequate for the practi cal regu­
lation of the stream. All elements except cost are favorable.

A survey of this site to a capa city of 65,000 acre-feet was made by
H. H . H olley in 1908 ; th e maps an d reports have been made available
in these investi gations. In 1917 a survey was mad e to a capa city of
340,000 acre-feet under the supervision of G. B. Sturge on, consult ing
engin eer . The map s of this survey have also been made available.
'I'he results of these surveys arc shown on Map ' 5. Th e ar ea and
cap acity cur ves arc shown in F ig. 10. Th e two surveys are in pra c­
tical agreement in the portion covered by both. The survey by
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Mr. Sturgeon covers sufficient storage capacity for any f easib le devel­
opment on this stream.

The formation at the dam site is gra n itic, rock being exposed on parts
of both sid es and apparently at r elatively small depth in the stream
channels. No borings have been made and th e actual depth of strip ­
ping which would be r equired is in consequence uncertain. The
amounts used in the est imates are tho ught to be adequa te and probably
in exeess of the am ount which would actually have to be used.

Area - Acr es

800

.850

900

Capactfy - Acre-feet.

On the nor th side of the river cha nnel the exposed rock dips sharply
at the r iver 's edge . On the south side some nearly level ledge appears
to cross the river at small depths. Th ere is very little overburden on
the north slope ; th e amount on th e south slope, while larger , is rela­
tively small, r ock being exp osed at intervals on the slope .

'I'he typ e of dam whi ch might be built at this site will depend on the
height to be used. POI' capacities in excess of 100,000 acre-feet the
length of crest exceeds 1400 f eet and the height 150 f eet so that a
straight gravity sectio n masonry dam is considered pref erable. For
smaller capa cities ther e might be some saving in cost from the use of
arch type dams. 'I'he spillway would be located at the dam either by
direct discharge over a portion of th e crest for heights up to 150 or
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.possibly 200 f eet and for greater heights by a side channel at either
end of the dam in which the surplus flow would be carried sufficiently
far away from the dam to be returned to the river without damage to
the dam its elf.

'I'he res ervo ir site is principally unused land of r elatively low value .
The cost of acquiring such lands has been included in the estimates of
cost. The paved highway now passing through the site would require
re location; cost of such changes is also included.

E st imates of cost have been prepared for different heights of dam.
The cub ic ya rds of concrete were obtained from the center line profile
wit h the estimated dep ths of stripping in cluded. An estimated cost of
*8 per cub ic yard was us ed for the concrete wit h $1.50 per cubic yard
for the stripping. Items for handling the river during construction,
for key wal ls and for outlets for the different sizes of dams were
in cluded in the estimates. An allowa nce of 15 per cent for engineering
and contingencies was added to the other items. Th e cost of concrete
varied from 80 to 90 per cent of the est imated total cost of the reservoir.

PLATE VI, Figure A . General Vi ew of
N orth End of D am Site a t W ard Res ­
er voir Si te on Kaw.eah R iver.
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P LATE VI , Figu r e B . D etail Vi ew of Character of Rock on N orth End of D am Site
at 'Ya rd Reservoir' Site on Kaweah River .

.Estimates of total cost wer e mad e for S L'\: capa cities varying f rom
]5,000 to 300,000 acre-feet. The r esults were plotted against the
eapacit ies an d the resulting curve (F ig. 11 ) used to est imate the east
for other capacities. Th e estimated cost per acre-foot of total capacity
is also shown in Fig. II.

Fig. 11 indicat es that even with 300,000 acr e-feet capacity the
average cost per acr e-foot 'would be $40 and th at for capacit ies of
I 00,000 to 200,000 acre-f eet costs of $50 per acre-foot are to be
expected. Below a capac ity of 100,000 acre-fee t th e east .per acre-foot
increases rapidly. The estimated costs are thought to be sufficiently
high to cover probable actual costs. The aetual cost might be somewhat
lower than the est imate if th e amount of st r ipping required is smaller
than th at est imate d or if the concrete can be placed for less tha n $8
per cubic yard.

The est imated cost s per acre-foot of capac ity ar e higher for this site
than for the available sites on eit her th e Kings or Kern r ivers. Th e
dam site here is similar to that on K ern River at Is abella but the
reservoir is n arrower and steeper so that much higher dam s are
required for the same capacity on th e Kaweah River.

Economical Size of Storage.
The extent t o whi ch a reservoir can be utilized depends on its

rapacity in relat ion t o th e r un-off of t he stream. A reservoir of small
capacity can be filled each yea r an d 100 per cent serv ice secured. A
large reservoir may be filled only in years of excessive run-off and the
nse of the water sto red ma y be . extended over t he following season.
For such large reservoirs th e aver age amount of storage used per year
may be only a small part of the t otal capacity. The ext ent t o which
it may be economical to constr uct a r eservoir on any st ream depend s
Oil the cost of const ruction and the extent of use obtained.
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Fig. 11. Cur ves showing 'r elat ion of est ima ted costs to capacity for Ward Reservoir Site on
Kaweah River.

Th e mean annual discharge of the Kaweah River is about 450,000
acre-feet . To secure a reg ul ate d supply of this amount would require
a storage cap acit y sufficient to ena ble th e flow of excess years to be
carried forward for dry years. A sufficient amount of storage to full y
r egulate th e entire flow in all yea rs would obviously cost in excess of
the benefits derived. Trials of different rates of use an d th e shortages
that would result with different stor age capacit ies were mad e and the
conclusion reached that th e la rgest feasible development would consist
of a r egulated supply totaling' 375,000 acre-feet per year or five-sixths
of th e mean annual run-off.

Th e extent of storage r equi red to support any given water supp ly
will depend on th e difference between the actual run-off in any month
and the requi r ement in that month. 'I'he proportion of the total
annual supply needed for irrigation in any month depends on th e crops
and climate. Th e distribution of the use throughout the year, usually
called the seasonal use, has been estim ate d as follows :

Seasona l Use.
Present seasonal use in diversions from the Kaweah and 'rule rivers

is of little guidance as to desir ed use as the canals are cont rolled by
conditions of run-off r ather than of demand.

On the Kaweah Ri ver, the proportion of future crops is subject to
mu ch uncertainty. The present tendency is toward trees and vines,
these crops having in creased materially in recent years. Of 50,000

. acr es served by pumps canvassed in 1920, 20 per cent wer e orchard, 40
per cent alfalfa and 40 p er cent grain, corn and miscellaneous. 'I'his
covers the outer and lower portion of the area where th e proportion of
orchard would be expected to be less th an the average. For all lands
served from Kaweah River it has been assumed that 40 per cent will be
orchards and vines, ,?5 per cent alfalfa and 25 per cent grain or summer
crops.



WATER RESOURCES OF ~'ULARE COUNTY. 95

PI,ATE VII, F igur e A . Gen eral V iew of ' Yard R eservoi r S it e on K aweah River.

FLATE VII, Figu r e B . South End of Dam Si te a t W a r d R eservoi r Site on K aweah
River .

The proportion of the use for ' eaeh of th ese types of crops in each
month has been estimated by comparison with the data given in
Bulletin 9 of this department on seasonal use in Kcrn County which is
largely applicable here and by th e seasona l use under pumping plants
in Tulare County where the draft in each month is r epresentative of
the demand. Th e Kaweah Delta data used and the conclus ions drawn
are shown in 'I'able 22.
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The length of season during whi ch direct irri gat ion service will be
attempted will materially affect the water supply both of us e and as
availabl e for storage. D iversions now cont inue during a' I months of
the season when water is av ail able. 'Wit h stor age it is cons ide red that
better r esults will beseeured by confining th e use to the months of
March to October. A ny excess flow in other months could be used by
div ersion but will be of .r are occu rrenc e with any large sto rage capac ity.
Such a lim it ati on of season woul d la rgely elim inate grain as an
ir rig ated cro p.

TABLE 22.

Season al Use on Kaweah Delta. Actua l Us. under Pumping Plants and Estimated Use Adjust ed to Regulati on of the
River by Sto rage .

Per cent of total use for the season, occurring in each month

Kaweah Delta pumping plan ts

Month From 13
Estimated

F rom 32 pumps serv ing From 26 From 22 Weight ed seasonal
pumps deciduous pumps pumps mean use

'::'lr~f! • orchards serving serving for a ll adapted to

and vines citrus mixed crops crops storage

January _____________________ 1 - - - - - - - - - - - - -- 1 - - - - - - - - - - - - -- --- --- --- - ----- -- -- ---February ____________________ 1 1 2 - -- - - - - ----- 1 - - - - - - -- -- --March_______________________ 2 2 2 1 2 5
ApriL ____________________: _ 6 3 9 4 6 10
May ________________________ 12 15 14 15 14 20J une ________________________ 15 21 12 16 16 20
July___ ______________________ 17 20 14 17 17 18
August ____________________'__ 17 17 14 17 16 14
September ___________________ 14 12 12 14 14 10
Octobe r _____________________ 11 8 9 11 10 3
November ___________________ 4 1 7 4 4 - - - - - - - - - - - -
December ____________________ - - - - - -- - - - - - - - - -- - - - - - - - - - 4 1 --- - - - - - - - -- - -- -- - - -- - - -

Total s___________________ 100 100 100 100 100 100

TABLE 23.

Est imated Maximum Rate of Use from Kaweah River Run-off Which Can Be Support ed by Storage.

Month Per cent of tot a l Mean second-feet
usc for season Total acre-feet during month

March _________________________________________, _________ 5 20,000 325ApriL __________________________________________________ 10 40,00U 675May____________________________________________________ 20 75,000 1,225
June____________________________________________________ 20 75,000 1.250July_____________________________________________________

18 70,000 1,150Augu st. _________________________________________________ 14 50,000 800
September- ________________ ____________________________ 10 35,000 600
October _________________________________________________ 3 10,000 160

Total s_______________________________________________ 100 375,000 -------

'I'he final column in 'rable 22 shows the est imate d r equirement finally
used. The use in April to June is in er eased and th at in the lat e season
decreased so as to give more use 'of direct flow with a smaller storage
r equ irement. 'I'he estimated mean used would fu rn ish an entirely
ad equate di stribution of sup pl f or this area .

The preliminary study of storage indicated that there would he
average shortag es of 34,000 acre-feet per year in an attempted supply
of 405,000 acr e-feet wit h 200,000 acre-feet of storage. Reducing the
attempted supply to 375,000 acre-fe et woul d r esult in a cor responding
r eduction in shortages in about one-half of t he years . For final figures
a us e adjusted by month s as above with a to tal fo r the season of 375,000
acre-feet has been used . 'I'h e r esul ts are shown in Table 23.
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Use of "Storage.
'I'he run-off r ecords sin ce 1903 were used to estimate the extent to

which the r egulated supply of 375,000 acre-feet could be supported by
differ ent amounts of storage. 'I'he run-off for each month was com-

. pared with the demand, the excess of run-off over demand being ava il­
able for st orage and the deficiency bein g requ ired f r om storage . All
flow fro m November to F ebruary, in clusive, was considered as ava ila ble
for storage. Different reservoir capacit ies were t hen tried, the supply
avai lab le for sto ra ge being consid ered as' placed in the reservo ir until
its capacity was reached, the excess over its capacity being cons idered
as unu sed water. The demands for sto rage were met f rom t he sup ply
pre viously stored; where such dema nds exceeded t he store d supply
the diffe rence r epresen ts a shortage in the supply. I n yea rs of excess
run-off th e demand for storage is small and th e reservoir can be carried
for ward partly filled. In dry years th e supply for storage is less t han
the demand unless there has been sufficient storage car r ied forward
from previous years. 'I'here will be fewer shortages with the larger
reser voir capacit ies; their economy will depend on th e f requ ency of th e
use of such larger capacities in re lation to their costs .

TABLE 24.

Summary of Estim at ed Use a nd Cost s of St orage a t Ward Reservoir Sit e on Kaweah River Supporting an Annual
Irri gation Draft of 375,000 Acre- feet.

Estimated
Average Estima ted Estimated Increase cost per

E stimated storage average cost per in storage Increase acre-foot
Const ructed total used cost per acre-foot used in of increased

capacity cost ann ually acre-foot of of storage annually estimated in storage
acre-feet constructed used acre-feet cost used

capacity ann ually annually

50,000acre-feet ... 53,600,000 48,000 872 $75
100,000 ocrc·feeL . 5,700,000 79,000 57 72 31,000 $2,100.000 $68
150,000 ocrc·feet... 7,500,000 97,000 50 77 18,000 1,800,000 100
200,000 acre-feet , . . 9,500,000 109,000 48 87 12,000 2,000,000 167
250,000 acre-feet . . .. 11.100,000 115,000 44 96 6,000 1,600,000 267
300,000 acre-feet . . . 12,700,000 120,000 40 106 5,000 1,600,000 320

The results of such computations for different storage capacities are
shown in Table 24 and F'ig. 12. For capacities up to 50,000 acre-feet
per year practically full use can be secured. Fo r larger capacit ies the
average use is r elatively less ; with 300,000 acre-feet capacity an average
nse of only 120,000 acre-feet per year would be secured.

While the average cost per acre-foot of constructed capacity decreases
with the larger sizes of r eservoirs, th e less frequent use of the upper
portions of such larger capacities results in an incr eased cost per acre­
foot of capacity actually used, 'I'he increase in capacity f rom 50,000 '
to 100,000 acre-feet would result in an incr eased average annual use
of 31,000 acre -feet of stor age; the same amount of incr ease from
250,000 t o 300,000 acr e-feet of capacity would make availab le an
increase in average annual use of only 5000 acre-feet . .

'1'he cost which it may be feasible to expend for useful storage varies
with the crop on which the storage is to be used and no rigid limit can
be set. It is considered that storage cost ing in excess of $150 p er acre ­
foot of average annual use is above any limit n ow feasible or which
will be feasible for as far into the future as it is possible to plan at
th<: pr esent time. I t is not thought that sufficient use can be secured

7-2104 4
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f rom a reservoir in excess of 150,000 acre-feet capacity to warrant its
construction.

Some shor tages in su pply would result even with 300,000 acre-feet
of storage capac ity. Th e extent of shortages that would have occurr ed
f rom 1903 t o date are shown in Table 25.

'I'abl e 25 indicat es that with only 100,000 acre-feet of storage
capacity there wou ld be shorta ges in supply in thirteen years of the

.eighteen years on record and that the r egu lated supply which could be
maintained with this storage should be less than the 375,000 acre-feet
per year on 'which Table 25 is based.

'With 150,000 acre-feet of storage, shortages ' are eliminated or
. r educed in nine years of th e thirteen giving short ages with 100,000
acr e-feet of stor age. The increase of 50,000 acre-feet of storage
capacity results in an in creased average use of storage of 18,000 acre­
feet per year or 36 per cent of the in cr eased storage capacity. As this
increased capacity would be used in whole or in part in one-half of the
years of r ecord , its cons tr uction is cons idered desirable even at the
r elatively high costs per acr e-foot of storage used as previously given,
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TABLE 25.

99

Shortage in Regulated Irr igation Supply of 375,000 Acre-f eet with Storage of Different Capacit ies on Ka weah River.

Shor tages in acre-feet.

Storage capacity of

Season
100,000 150,000 200,000 300 ,000

acre-feet acre-feet acre-feet . acre-feet

1903-04_________________________________________ 35 ,000 ------ ------- - -------------- --------------1904-05___• _______________________________. _____ 44,700 30,600 -------------- ------ --- -----1905-06____________________________________ ____
--- --- -- ---- - - --- - - - - ------- ---- ---------- -- --- - -- --- ---1906-07________________________________. ________
- - - --97~300---- - --- -------------- ------ --------1907-08_____ _________________________ ___________ 47,300 - ----- -------- -- - --- --- -----1908-09_________________________________________
-- -- 82~ ioo-- -- - -- - 32 ,i oo-- -- - -------- ----- ---- - - -- ------1909-10______________________________________. __

- - - - ------- -- - -------------1910-11. ________________________________________
- - - -16-2~ i oo- -- -

- - - - - - --- -- - - - - - - - -6-2,i oo---- - - -------- ----1911-12_________________________________________ 112,100 ---- -- - - --- -- -1912-13_________________________________________ 153,500 153,500 153,500 115,600
1913-14_____. _____. _. _: _. _______________________ 10,300 - - - -- - - - - - - - - - -- ---- -- - --- - - ------------- -1914-15___________. ___. _. ___________. ___________ 21,j100 - - - - -- -------- - - - - - - - - - - ---- ------------- -1915-16_____. __• __. . .. _. _.. _. _. _______. _________

- ---2"(i i iiii-- -- ---- -- -- ------ ------- --- --- - - --- - --- - - - -- -1916-17____. ___________. __. _..... . . _. _. . _. __. ___ - - - - - - - - - - --- - - --- - - - - - - --- - --- ---- --- -- --1917-18__. _. _. _. _________________.,. _. . __. __. . . 135,400 105,500 55,500 -- ---- ------- -1918-19___ ___• _________________________________. 101.800 101,800 101,800 57,3001919-20________________________________________. 31,500 7,600 7,600 7,6001920-21_________• _____• _________________________ 31,500 20,100 20,100 20,100

Mean . __________.. _________._ .... . _____. ___ 52,000 34,000 22,000 11,000

With 200,000 acre-feet of storage capacity shortages occurring in
three years with 150,000 acre-feet of storage capacity ar e removed 1l.11d
those in two additional years r edu ced. The average use of th e increase
in capa city is 24 per cent. W ith a reservoir of low cost per acre-foot of
capacity const ruct ion to 200,000 acre-feet would be desirable for this
extent of usefuln ess. For th e est imated costs previously given th e
eost of th e use secured from this increased capacity is considered higher
than its present valu e and a capacity above 150,000 acr e-feet is not
recommended ,

With 300,000 acre-feet of sto rage capacity the in crease over 200,000
acre-feet would have been used only twi ce in eighteen years. To
entirely eliminate sh ortages woul d require a stor age cap acity of 415,000
acre-feet . With storage capacities above 150,000 acre-feet it would be
preferable to under take to obtain a somewhat lar ger regulated supply
even with th e resulting shortages in order to have a larger use over
which to distribute the increased storage costs.

The table showing shortages in the r egul at ed supp ly since 1903
hrinvs out t he conditions on th e Kaweah River whic h make unu sually
expens ive t he regul ation of th e supply so as to entirely prevent
shortages. 'With 150,000 acre-feet of sto rage th e only shortages which
exceed 15 per cent of the season's supply occur where there are at least
two dry years in success ion . To meet su ch condit ions sto red water
would have to be carried forward f rom previous years. The shortage
in l aI 3 would have to be met wit h storage car r ied forward from 1909,
that in 1919 from water stored in 1916. To reduce the r egulated sup­
ply so th at no shor tages would occur in such ser ies of dry years would
result in a large increase in th e unused wat er in other years.
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The r ecords of run-off in Table 1 show the past four years to hav e
been the longest per iod of r ecord between years of more than average
run-off. Th e r iver discharge has been below normal sinc e 1917.
Ther e have been no previous per iods sinc e 1903 when more than two
dry years have occurred bet ween years of more than normal run-off.

The storage studies discussed have been based on th e records of
run-off since 1903. In th e discussion of water supply it has been
shown that th e precipitation du ring this per iod has exceeded th e
average since 1890. Th e precipi tation re cords do not furnish a basis
f rom whi ch the monthly run-off and th e performance with storage ean
be estimate d for the period 1890 to 1903, they do, however , indicat e an
average run-off f rom 1890 to 1903 of abou t 10 per cent less than that
f rom 1903 to dat e. There ap pea rs to have been a seri es of dry years
in succession from 1898 to 1900 with fully as iowa run-off as the period
1918 to 1920. It is probabl e that th e shortages in the supply as regu­
la ted by storage f rom 1890 to 1903 would have averaged somewhat
greater than those since 1903.

Evaporation Losses.
Th e above computat ions and discussion have been based on the flow

at the reservoir sit e without making any allowances for evaporation
losses. Computat ions were made for the st orage obtained with 200,000
acre -fee t of stor age capacity for the evaporat ion which would have
occurred during the eighteen years period of r ecord. Th e estimated
rate of evapor ati on is shown in Table 2'6.

T ABLE 26.

Estimated Evaporation from Reservoir at Ward Site on Kaweah River.

Es t imated gross Estimatedmean E sti mated net
Mont h depth of evaporat ion depth of ra infall depth of evaporat ion

in feet in feet in feet

October _____________________________________ 0 .30 0 .07 0.23
November___________________________________ 0 .16 0.16 0
December____________________________________ 0 .10 0 .17 -0 .07
January_____________________________________ 0 .10 0.31 -0.21
February _________________________; _____; ____ 0 .12 0 .29 -0.17Ma rch____________ ____________________ 0 .20 0 .34 -0.14
April., ________________ ___ _____________== ==== 0 .30 0 .16 0.14May ________________________________________ 0 .50 0 .12 0.38
June_____________ ______ ______________ _______ 0 .60 0 .01 0.59Jul y_________________________________________ 0 .65 0 0.65
August. _____________________________________ 0 .55 0 0 .55
Septe mber ___________________________________ 0 .55 0 .05 0.50

Totals.. _________________________________ 4 .13 1. 68 2 .45

Th e estimat e of gross depth of evaporat ion is based on data collected
for and discussed in the K ern County Investigations, Bulletin 9, of this
Department , the most directl y applicable data being that from Tulare
Lake. Th e estimate d rainfall is that of Lemon Cove, increased by 20
per cent due to the increase in elevation at the reservoir. The estimate
indicate s an actual gain by rainfall durin g the winter months.

F or the esti ma ted st age of the reservoir in each month the corres­
ponding area of water surface was used to give the total evaporation.
'I'he monthly losses wer e summed for the years. F or the 200,000 acre-
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foot capacity the average total annual evaporat ion loss for the eighteen
years of r ecord was 3000 acre-feet , the maximum being 5'400 acre -feet
in 1906 when the reservoir was full nearly the whole season and the
minimum zero in 1913 when th er e was practically no flow available for
storage. Much of the loss as figured could be replaced fro m excess or
unused water in yea rs when such excess flow occurred so that the actual
net loss to the regul at ed supply was an average of only 700 acre-feet
per year. As th is it em was very small in proportion to th e total supply
it has been neglected and evaporation has not been cons idered for the
other storage capac ities studied .

Summary of Use Obtainable fro m S torage .
A summary of th e r un-off and use for each yea r since 1903 that could

have been secure d from t he Kaweah River for an irrigation use of
375,000 acre-feet , supported by 150,000 acre-feet of storage capacity,
is shown in Table 27. This ext ent of use and storage capacity are con­
sidered to be the most economical for regulation of the run-off of the
Kaweah River by storage if present condit ions of use should be changed
to those of a r egulat ed supp ly.

TABLE 27.

Summary of Water Supply Available from Kaweah River With a Demand of 375,000 Acre-feet Supported by 150,000
Acre-feet of Storage Capacity.

- "

Thousand of acre-feet. Year from Nov. 1 to Oct. 31.

Year Runoff
Unregu- used Runoff Supply Storage in Shortage Wat er Runoff"in

lated directly available required reservoir in used excess of
run-off without for from at end of irrigation from irrigation

storage storage storage season supply storage demand
- - - --- --- - - - ---- - - - - -

1902-03______________ ---------- ---------- ---------- ---------- 35 ---------- ---------- ----------1903-04______ ________ 402 239 163 136 35 ---------- 136 261904-05________ _____ _ 309 239 70 136 0 31 106 ----------1905-06__________ ____ 1,093 343 750 32 118 ---------- 32 6001906-07 ______________ 593 301 292 74 76 ---------- 74 2601907-08____________ __ 252 178 74 197 0 47 150 ----------1908-09 ________ ______ SOD 308 492 67 83 ---------- 67 3421909-10______ ________ 408 193 216 182 0 32 150 1491919-11. _____________ 546 283 264 92 58 ---------- 92 1141911-12 ________ ______ 205 182 23 193 0 112 SO ----------1912-13______________ 222 203 19 172 0 154 19 ----------1913-14________ ______ 487 265 222 110 40 ---------- 110 721914-15______ ________ 368 253 115 122 28 ---------- 122 4
191&-16____________ __ 779 302 477 73 86 ---._----- 73 346
1916-17________ ______ 455 255 200 120 30 ---------- 120 135
1917-18______________ 236 198 38 177 0 109 68 ----------1918-19______________ 282 184 98 191 0 93 98 ----------1919-20___ 378 248 130 127 3 127 ----------
1929-2L. __: :: ::: ::: : 368 241 127 134 0 5 129 ----------- - - --- ---- - - ------ - - - ---

Mean__ ___~ ___ ___ 453 245 208 139 30 34 96 114

Table 27 shows the run-off in excess of the capacity of the reservoir
and the needs of the regulate d supply for dir ect use. Such excess
supply would have occurred in t en years of th e eighteen years of
record, varying from 4000 to 600,000 acre-feet in di fferent years with
an average of 114,000 acre-feet . Much of excess water could be used to
replenish the ground water. This could be accomplished near the
stream channel. Some flood water canal construct ion for the convey-
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an ce of su ch waters to areas not adjacent to st r eam channels would be
warranted. For years of very excessive flow it will not be f easible to
reta in all of the run-off within the Kaweah Delt a. In onlv four vea l'S
out of eighteen does th e excess flow exceed 135,000 acre-feet a;ld it
should be feasible to retai n such excess below this figure or an average
supply of 55,000 acre-feet per year. This with th e average of 2'45,000
acre-feet used by dir ect divers ion and t he 96,000 acre-feet drawn from
storage, woul d give a total mean annual supply avai lable for use from
th e Kaweah River for the peri od since 1903 of 396,000 acr e-feet.

It has previously been shown that th e p robable mean annual dis­
cha rge over a long peri od of years of th e K aweah River i s 451,000 acre­
feet of which probably an avera ge of 55,000 would not be retained
under exist ing conditi ons of use or that the mean annual supply now
used would be 396,000 acre-feet. For th e per iod 1903 to 1921 th e
similar est imate of the net available supp ly was 383,000 acre-feet.

Th e above comparisons ind icate that storage for the fu ll regulation
of the flow of Kaweah River will not make available any materi ally
larger quant iti es of water 'than are now retained on the delta under
exist ing conditions . Such storage would represent a chang e in the
cha ra cter of use from the present practi ce of diverting the run-off
when it occurs and su pplement ing th e cana l supply by pumping to a
practi ce of regulat ion of the run-off by st orage and release for di rect
use. Th e changes t hat woul d result f rom the const ruct ion of such
sto ra ge are ones of cost rath er than of total water supply . By stora ge,
togeth er with the use of improved canal systems and methods of irri­
gation which would redu ce per colation losses to a minimum, much of
th e present cost of pumping would be avoided . The est imated cost
would be $7,500,000 for the storage alone. It would not permit the
ir ri gati on of mar c area than' is now serve d except as such changes in
methods would r esu lt in the net consumptio n of less wat er , by present
areas. In view of thc r elati vely high costs of storage at the only sites
avai lable on Kaweah Riv er, together with the costs of the necessary
changes in meth ods of diversion and use inv olved, the substit ut ion of a
regul at ed river supply with storage for th e present methods is not
recommended. Th e benefits that might be secured f rom such a change
in pra ct ice would not be sufficient in proportion to the costs and the
legal complica t ions involved to warrant undertaking to make the
cha nge .

Pow er Development at Dam,

Th e construct ion of storage at th e W ard site would make available
some hydroelect ri c power usin g the discharge from the reser voir and
th e dep th of storage at different per iods. Any r eturns that might be
obtainable fro m the sale of much power in excess of the direct costs
cha rgeable to power would be available to redu ce the costs of storage
cha rgeable to ir ri gation. Th e r egulation proposed would not give any
discharge f rom th e reservo ir du ring the nonirrigat ing mont hs of
November to F ebruary except whim the reser voir was filled and over­
flowing. During the remaining months th e discharge would vary with
the irrigation demand as shown previously in 'I'abl e 23.
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Th e river bed at th e Ward dam site has an elevat ion of 620 feet .
The crest of the dam for 150,000 acre-feet capacity would have an ele­
vat ion of 855 feet giving a maximum head on the power plant of 235
feet. Th e maximum rate of use for irrigation with th e regulated sup­
ply would be 1250 second-feet . Th e regul at ed supply would exceed
1000 second-feet from :lIlay to July. The computat ions for stor age by
months were used to give th e depth of water in th e reservoir in each
month, this head with the discharge giving th e power obtainable from
the pow~r plant. An avera ge overall efficiency of 70 per cent based on
the wat er and head availab le was used.

TABLE 28.

Summary of Estimated Power Output Obtainable with PlanI at Dam of Reservoir Site on Kaweah River, Plant Capacity
1000 Second-feel; Storage Capacity 150,000acre-feet ; Regulated Annual S" pply for Irri111io, 375,OJJ Acre-feet.

Power outpu ts in million kilowatt hours
Year

Nov. to
Mar. Apr. May June July Aug. Sept . Oct. Season RemarkFeb.

- - - - - - ------- - ----
1903-04- 00' 2 .9 6.2 10 .4 10.0 19 .1 5 .8 3 .0 0 .9 48. 1
1904-05__00 2 .7 5.5 8 .8 8 .6 8.2 4 .3 0.4 0 .0 38.5
1905-ll6____ 9 .3 10.0 10.4 10.0 10.4 8.3 5.6 1.6 65.6 Wet
1906-07. ___ 10 .4 10.0 10.4 10.0 10.4 7.9 5 .2 1. 3 65.6 Wet
1907-08____ "':l 3 .2 6 .6 10.2 8.8 7. 1 2. 1 0.1 0.1 38.2
1908-09____ §, 8.9 10.0 10.4 10.0 10 .4 8 .1 5.1 1.4 64 .3 Wet
1909-10 ____ ee 8.3 6 .8 10.1 9 .3 7.9 3 .0 0.0 0.0 45.4
1910-11. _00 0 3 .2 10.0 10.4 10.0 10.2 7.5 4 .5 1. 2 57.0"1911-12__00 go 2 .6 5 .0 8 .6 7.9 2.7 0 .0 0 .0 0 .0 26.8 Dry
1912-13__00 c: 1.4 2.7 3 .2 1. 0 0 .3 0 .2 0.2 0.0 9.0 Dry
1913-14__00 = 3 .4 10.0 10.4 10.0 10.4 7.2 . 4 .2 1.1 56.7
1914-15__00

~
2.7 5.6 9.3 9 .7 9 .8 6.9 4 .0 0 .9 48.9

1915-16__00 8" 10.4 10.0 10.4 10 .0 10.4 7.8 4 .9 '1. 4 65.3 Wet
1916-17____ il 6.1 10.0 10.4 10.0 10.0 6 .9 4 .0 1. 0 58 .4
1917-1 8____ ~ 2 .3 5.0 9 .1 8.1 2.5 0 .0 0 .1 0.2 27.3 Dry
1918-19____ 2.3 4 .9 10.2 9 .7 4 .3 0 .0 0 .0 0.0 31.3 Dry
1919-20,, 00 1. 9 4 .6 8.5 9.2 8.9 5 .6 1. 8 0 .0 40.5
1920-21. ___ 2.5 5.4 8 .8 9.0 9.6 5 .1 1. 2 0.0 41.6

- - - - - ----- - - - - - - - - ----- -
Aliyears

mean____ 0 4.7 7.1 9.4 9 .0 7.9 4 .8 . 2.5 0 .6 46.0

Mean four
wet years 9 .8 10.0 10 .4 10.0 10.4 8 .0 . 5. 2 1.4 65.2

Mean four
dry years 2.2 4.4 7.8 6.4 2.4 0 .0 0 .0 0 .0 23.4

The outpnts of power obtainable for 1000 second-feet capacity
during the operating months are shown in 'I'ab le 28. A plant of 1250
second-feet capacity would have an average output of 51.6 mill ion
kilowatt hours per yea r but would not have any larger output in dry
years than the smaller pl an t.

The cost of th e power plan ts, exclusive of any porti on of th e east of
the dam, has been esti mated at $600,000 for the 1000 second-foo t
capacity. The plan t for full load and maximum head would hav e a
capacity of 14,000 kilowatts. The est imated cost of install ation per
million kilowatt hours of mean annua l output is $13,500 for th e 1000
second-foot plant and $15,000 for th e 12,500 second -foot plant. . Th e
smaller plant would have as large an output as the larger plant in dry
years such as would be expected to occur one year in four. Th e smalle r
plant is considered preferable.
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A somewhat detailed discussion of the pri ce for which power to
be produ ced on K ern River in connection with sto rage might be sold
has been given in Bulletin 9 of this department. The conclusion was
there reached that power of average availability in p-roportion to the
seasona l demand and of average depend abi lity might bc sold for as
-mu ch as 0.5 cents per kilowatt hour of t otal output. 'I'he Railroad
Commission has approved a price of 0.45 cents for power in connect ion
with storage proposed by the Mer ced I rrigation District. 'I'he power
that woul d be produced at the Kaweah River dam with a plant of 1000
second-fee t capac ity would have an output in the dry years such as
can be expected t o occur in one year in four of only 50 per cent of the
mean. Th e lack of win ter output would prevent it s use except in
connecti on with systems having oth er sourc es for carrying the load in
such months. As th e maximum demand for power in these areas
occurs in th e summer , the output of this plant would be useful for
ser vice at such times. It is doubtful if the tota l outpu t or such a plant
could be sold at a price equa l to 0.45 cents per kilowatt hour.

W it h a mean return of 0.45 cents per kilowatt hour the total earning
with a mean output of 46 million kilowatt hours per year would be
$207.000. Allowing $22,000 per vear for operat ing costs would give
$185,000 to meet fixed charges . Interest an d depreciation at 10 per
rent on th e est imated cost of $600,000 for th e power pl ant would leave
$125,000 per year applicable for carryin g a part of the cost of the dam.
If t he inter est on funds for th e const ruction of th e da m is taken as 6
per cent and 1 per cent all owed for depreciation, the estimated net
earning would meet th e charge s on $1,800,000 of the cost of the dam .

The above assumptions are considere d to be mor e favorable to the
return s obtainable from power t han it will be feasible to actually
obtain. Th e larger output would occur in years when th e water supply
for oth er plants is also ample and would be deficient in those seasons
when th e shortage in stream flow would mak e th e demand for power
for pump ing most difficult to meet . It is not thought that t he develop­
ment of power can be expected to carry more than $1,000,000 of t he
cost of cons tr uction of the dam. This is about 13 per cent of the total
est imated cost. Th e reduction in the estimate d costs of this sto rage faI'

irrigation alone, as previous ly given, due to th e ear nings possibly
obta ina ble from power will not he sufficient to affect the conclusions
reached as to th e f easib ility of such storage .

STORAGE OF SURPLUS WATERS.

Th ere is ano ther basis on which storage on t he Kaweah River can be
consider ed. There are now cer tain portions of th e discharge which
are not r etained for use on the K aweah Delt a and some water now
retained during the win ter months which may not be di rectl y requir ed.
The storage of such portions of th e ru n-off , particularly as to winter
flow; would probably require adjustment with existing uses but might
be feasible if th e costs of storage wer e suffic iently low in proporti on
to th e benefits derived.

The water supply developed by any such storage should preferably
be used to supplement present pumping supplies on areas alr eady
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developed ra th er tha n in undertaking to supplv new lands. Th e costs
per unit quantity of water supply which developed lands now finding
their pumping supply inadequate can afford t o pay will be greate r than
that feasible for un developed lands seeking a full supply.

An attempt has been mad e to est imate th e extent of the water supply
that might be made available by storage and use of surplus water.
Such a study obviously requires a definition of what are surp lus waters.
Until there has been a more definite jud icial determin at ion of the
exist in g r ights on the Kaweah River it is not possible to define the
sur plus waters in terms of such ri ghts.

For the purposes of this inv estigation sur plus waters have been con­
sid ered to be the entire flow in the months of November to F ebruary
an d such run-off in th e remaining months as it has been estimated
would leave the Kaweah Delta as outflow. This is equivalent to assum­
ing that winter irrig-ati on is not essential and that winter run-off could
be stored without in jury to exist ing ri ghts. It is r ecognized that
winter us e is now practised and may be of benefit; the extent of such
benefit , however , is considered materially less than for summe r use an d
the storage of run-off during these winter months is not considered to
be a material in jury to existing div ersion ri ghts. Present use of
winter r un -off is of benefit to the maintenan ce of ground water but th e
areas directly benefited are in general those wllich receive adequate
summer water supplies.

It is considered th at th e existing canal rights will be fully served if
th ey receive th e t otal discharge in the river which past records indicate
they now r etain. As previously discussed, the r ecords indicate that
all run-off in excess of about 1800 to 2000 second-feet will cross the
Kaweah Delta without div ersion or absorption. Th e storage of any
run-off in excess of such present retention on th e delta shou ld not work
any injury to present uses. Th e present condit ions of use under some
{If th e divers ions may br in excess' of the amount for whi ch beneficial
use could be shown und er a reasonably str ict standard of practi ce so
that. st orage of th e st ream flow in excess of somewhat smaller rates of
discharge t.han 1800 second-feet might not res ult in actual injury' to
present diversions. How ever , storage of an y water now used on th e
Kaweah Delta would represent a change in char acte r of use r ather than
the making availab le of water not now used as in the case of wat er not
now retained on th e delta. .

Using the est imates of the outfl ow from th e Kaweah Delta as given
in 'fable 10 and th e record at Three Rivers for the run-off of November
to Februa ry, inclusive, the water supply avail able for each year of
record since 1903 was computed. Th e amounts so available vari ed
fr om 18,000 to 616,000 acre-fee t in differ ent years with an average of
133,000 acre-feet per year. .

A portion of the excess r un-off in the summer months could be used
dir eet lv without storage. The winter flow would have to be held in
storage for later usc iiI irrigation. The est imated excess run-off was
studied to determine th e extent of sto rage which would be required to
provid e different amounts of irrigation supply. The results are sum­
marized in 'l'ab le 29.
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TABLE 29.

Summary of Regulat ed Wat er Supply Obtainabl e by Storage of Run_off from November to February and of Excess
Summ er Flow Estimat ed to Leave the Kaweah Delta under Existing Conditions in Thousands of Acre-feet.

Tota l
50.000 acre-feet regulated supply 20.000 acre-feet regula ted supply

50,000 acre-feet of storage capacity 15,000 acre-feet of storagecapacity
run-off Total

Year Nov. excess ~toragc Storage
to flow III res- Short - Un- in res- Short- Un-

Feb. Direct ervcir age Storage used crvoir age Direct Storage used
use end of in used supply end of in usc used supply

season supply season supply
- - --------------- - --- -

1903-04____ ____ 53 81 9 18 --- ~ - - - 41 13 3 0 4 16 58
1904-05_____ ___ 34 36 2 0 - - - - - - - 50 2 0 3 2 15 22
1905-06____ ____ 80 616 33 33 --.- - -- 17 533 8 0 13 7 588
1906-07.. __'____ 81 161 33 33 -. - ---- 17 111 8 0 13 7 133
1907-08___ ___ _ 50 50 0 0 - - --- - 50 33 0 5 0 15 43
1908-09_______ _ 180 357 28 33 . - --. - 22 274 8 0 11 9 329
1900-10________ 136 136 0 0 - - - - - - - 50 119 0 5 0 15 129
1910-11-. ______ 100 138 18 25 . - -- --. 32 63 5 0 8 12 113
1911-12.. ____ __ 23 27 4 2 - - - 46 0 0 1 4 15 13
1912-13___ _____ 19 19 0 0 30 20 0 0 5 0 15 4
1913-14____ ____ 120 128 9 9 - ---.- - 41 70 3 0 4 16 106
1914-15. ___ ____ 36 62 24 21 -- - - - - - 26 0 8 0 9 11 37
1915-16____ ____ J67 318 33 33 - - --- -- 17 256 8 0 13 7 298
1916-17.. ______ 82 108 13 25 ----.-- 40 66 5 0 6 14 92
1917-18-. ______ 18 18 0 0 7 43 0 0 5 0 15 8
1918-19..______ 45 47 0 0 3 45 0 0 3 2 15 30
1919-20________ 44 32 9 0 18 23 0 4 0 6 14 8
1920-21-.______ 53 57 4 4 - ------ 46 3 0 1 4 15 42

-- - - - - - - ----- - - - --- - ----
Mean__ ___ 73 133 12 13 3 35 86 3 1 6 13 114

On the basis used in th e estimate a wat er supply of 50,000 acre-feet
per year could be made available with 50,000 acre-feet of storage
capacity which would have resulted in mater ial shortages in only two
years of th e eighteen yea rs of record. 'I'he cost of such stora ge
cap acity at the Ward site has been est imate d as $3,500,000 or an
average cost of $70 per acr e-foot of capacity.

Th e utilization of an y su ch supply would requir e th e construction
of cana l systems. Th e cost of su ch can als would be r elatively high as
th e cost of sto raue would necessitate its diversi on in can als of minimu m
seepa ge loss. 'l11e cost per acre to any lands receiving such a supply
would he the cost of its proportional part of the storage plus th e pro­
portional part of th e cost of it s local canal syst em. Th e use of such
supply would not need to be con fined to anyone area . A group of
ar eas might combine in th e const r uct ion of the storage and each pro­
vid e its own canal syst em independ ently. The costs of any such supply
would be in excess of $100 per acre for both st orage and canals if one
acre-foot of sto rage per acre was provided . F or th e land now devel­
oped by pu mping on which th e draft exceeds the supply so that
ground water lowering is eontinuous an average supplemental canal
sup ply of one acr e foot per acre, plus what may be permanently obtain­
able fro m the gro und water , may be adequate . It is considere d to the
in terest both of the individuals now having such developed land s and
of th e public in securing the most effective use of its water resources
that th e use of an y ' ad ditiona l water supplies that it may be possible
to make avai lab le should be limited t o lands on which th e cost of
development has already been in curred before any additional develop­
ment of new lands is undertaken . Any such storage development of
winter and flood water is only considered feasible if at all for those
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land s nearer th e upper porti on of the Kaweah Delt a or adjacent areas
for use on crops of large return such as orchards or vines.

Simi la r studies of an attempted use of excess wat ers wit h 30,00J
acre-feet of storage capacity to ma inta in a supply of 50,000 acr e-feet
per year wer e also made. Th e redu ctio n in sto rage capacities results
in increased shor tages ; in one-half of the years t her e would be shortages
of one-th ird or more in th e supply . • Th e est imated cost for th e sto rage
is $2',400,000. F or the service secured f rom such sto rage, this develop­
ment is considered less desirable tha n the previous est imate usin g
50,000 acr e-feet of sto rage capacity .

A smaller supply, such as 20,000 acr e-feet per year with 15,000 acre­
feet of sto rage capacity, could be secured with few shortages. Th e
summary for su ch a su pply is also given in Tabl e 29. In four years
out of the eighteen years of recor d there would have been shortages
in th e supp ly of 25 per cent . The est imated cost of 15,000 acre-feet of
st ora ge at th e Ward sit e is $1,400,000 or over $90 per acre-foot. Th e
cost of sto ra ge plus th e costs of canals would make th e cost of securing
such a water supply. higher than present standar ds would ordinari ly
justi fy.

The present development of t he Li ndsay-Str athmore Irrigation
District ut ilizes storage in a gro und water basin along the r iver
channe l. Th e water considere d avail able for storage from t he winter
and flood flow, as given in 'fable 29, should be redu ced by th e amounts
of such flow that may be used to r eplace the water pumped by the
district from the basin now used.

Storage of W inter Flow Only.
Th e amounts of d ischa rge of the Kaweah River for November to

February, inclusive, are shown in Table 29. If ri ghts to the stor age of
this flow could be secured a minimnm of 18,000 acre -feet per year
would be available with 18,000 acre-feet of storage capacity. With
35,000 acre-feet of storage capacity a supply of 35,000 acr e-feet conld
be made availab le in fift een years out of t he eighteen years of record.
Wi th 45,000 acr e-feet of st ora ge capaci ty a su pply of 45,000 acre-f eet
could be secured in thirteen year s out of eighteen, th e shor tage in th e
five years avera ging abou t 40 per cent of the supply . This storage
would be equally useful whether obtained at the Ward sit e or in ground
water basins, th e differences bein g mat ters of cost. A reserv oir used
for t he storage of winter fiow woul d be partly empt icd by the t ime of
th e main stream flow in May and ,Jun e and in man y years additiona l
use could bc secure d bot h by direct diversion and by refillin g of sto ra ge
from such excess fiow. A total st orage capa city of 50,000 acre-feet for
storage under su ch condit ions would appear warranted . If all of such
storage should be obtained at the Ward site t he est imated cost would be
$3,600,000.

Stora ge of Flood Flow Only.
Th e use of a pa rt of th e water now passing across the Kaweah Dclta

by its r etention in storage migh t be feasible without the addit ional
sto ra ge of winter flow if it shou ld be found tha t th e exist ing u ses of
such winter flow presented lcgal difficu lti es not readily adjus ted . The
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wat er sup ply available for such storage in each year has been taken as
th e outfl ow as given in Tabl e 10. The use that might be obtained from
such outflow is shown in Table 30.

TABLE 30.

Regulat ed Irrigation Supplies Obtainable on Kaweah River from Storage of Wat er Not Now Retained on Ka weah Delta .

Supply of 20,000 acre-feet suppor ted Supply of 30,000 acre-feet supporte d
Estimated by 30,000 acre-feet of storage capacity by 50,000 acre-feet of storage capacity

out flow
Year from Secured Shortage Secured Shor tage

Kawea h Used from in Unu sed Used from in
River, directly , storage, supply, flow, directly, storage, supply, Unused

acre-feet acre-feet acre-feet acre-feet acre-feet acre-feet acre-feet acre-fect flow
--- - -- - ----- - - - --- --- - - -

1903-0L._ . ________ 28,000 4,000 16,000 0 0 6,000 22,000 2,000 0
1904-05..___________ 2,000 2,000 8,000 10,000 0 2,000 0 28,000 0
190,5-06.. .. ________. 550,000 13,000 7,000 0 507,000 20,000 10,000 0 480,000
1906-07_____________ 80,000 13,000 7,000 0 60,000 20,000 10,000 0 50,000
1907-08.. ___________ 0 0 20,000 0 0 0 30,000 0 0
1908-09_____________ 255,000 11,000 9,000 0 217,000 16,000 . 14,000 0 199,000
1909-10_____________ 0 0 20,000 0 0 0 30,000 0 0
1910-1L ___________ 56,000 8,000 12,000 0 19,000 12,000 18,000 0 0
1911-12. .. ________.. 4,000 4,000 16,000 0 0 4,000 26,000 0 0
1912-13.. ___________ 0 0 6,000 14,000 0 · 0 6,000 24,000 0
1913.14.._________"_ 33,000 4,000 16,000 0 0 6,000 24,000 0 0
1914-15.. __________. 14,000 9,000 lLOOO 0 0 12,000 5,000 13,000 0
1915-16..________.. _ 234,000 13,000 7,000 0 198.000 20,000 10,000 0 164,000
1916-17_____________ 27.000 6,000 14,000 0 14,000 9,000 21,000 0 8,000
1917-18.. ___________ 0 0 16,000 4,000 0 0 29,000 1,000 0
1918-19_____________ 0 0 0 20,000 0 0 0 30,000 0
1919-20_____ _______. 9,000 6,000 3,000 11,000 0 9,000 0 21,000 0
1920-2L ___________ 5,000 4,000 1,000 15,000 0 5,000 0 25,000 0

--- --- --- - - - - - - - - - --- - - - - --
Mean__________ 72,000 5,500 10,500 4,000 56,000 8,000 14,000 9,000 50,000

Ta ble 30 indicates that with 30,000 acr e-feet of storage cap acity a
r egulated supply of 20,000 acre-feet per year might be obtained with an
average shortage of 20 p er cent; th e shor tages occurring in six years out
of the eighteen years of r ecord. Four of the years giving shor tages are
the y ears 1918 to 1921 ; in 1919 th er e would have been no water obtain­
able. Additional storage capaeity would have been used only three
times in the eighteen years. 'I'he est imated cost of storage would have
been $2,500,000 or $125 per acre-foot of th e supply it was attempted to
maintain . Tabl e 30 also gives th e use that could have been secured
from 50,000 acre-feet of stor age cap acit y used to support a r egulated
draft of 30,000 acre-feet . 'I'he average shortage would have been 25
per cent . Shor tages exceeding 40 per cent of the supply would have
occurred in six years out of eighteen; of these six years three arc con­
secutive from 1919 to 1921. 'I'h« est imated cost of the 50,000 acre-feet
of storage capacity is $3,600,000 or $120 per acre-foot of supply it is
at tempte d to maintain. Additional storage would have been useful
only three tim es during th e eighteen years of record. The constru ction
of 30,000 acre-feet additional stor age capacity at an est imated increase
in cost of $1,200,000 would have given an average use of 5000 acre-feet
per year at an est imated const ruct ion cost of $240 per acre-foot of mean
annual use f or such in creased capacity.
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CHAPTER VI. ·

POSSIBLE CHANGES IN USE OF RUN-O FF OF
KAvVEAH RIVER.

In the preceding chapters the exten t of th e Kaweah River water
supply , the extent and effect of present use an d the resul t '> to be an ti ci­
pated in th e different portions of th e area depend ent on Kaweah River
have been discussed. Th e conclusion is expressed t hat the present net
use of water f or th e whole area closely equals the net ava ilable supply
but that und er exist ing conditions tho ava ilab le supply is not dis­
t ributed to th e different parts of the area in proportion to th e present
rates of use with the resul t th at shortages in supply now exist in some
areas. In th e present chapter possibl e meth ods of changing th e use of
the available water supply so as to give a more efficient usc a re
considered.

TABLE 31.

Summary of Present Irrigation and its Effect on the Ground Water in the Kaweah Delta in 1921.

Area

Portion of main areareceiving canal service in whichground water held
it s e levat ion in 192L • • _

Remainder of delta a rea eovered by canals _
Area covered by cana ls diverting for lands mainly abov e Venice Hills __
Area of lower Kaweah Delta outsi de of areas covered by cana ls _
Area west of Lindsay-Strathmore Irri gat ion District toward which

ground water slopes from th e Kaweah Delta _

Total areas _

.
Average Draft in

Gross Area lowering acre-feet
area, irrigated, of ground per acre
acres acres water, of gross

feet area
- ----- --- •

135,000 73.000 0 0 .3
55,000 30,300 2 .6 1.3
60,000 19.300 .8 0 .45
95,000 15,900 1.8 0 .3

20,000 7,300 1. 3 0 .85
-.----- ------ - -

365,000 145,800 1.0 0.4 5

Table 31 shows the results of condit ions of use on th e K aweah Delta
in 1921. The water supply for 1921 was 93 pel' cent of the mean net
annual available supply und er existing cond it ions. Th e larger part of
the run-off was received within a gross area of 135,000 acres either by
canal div ersion or by st ream channel percolati on. This area conta ined
about one-half of the land irrigated and held its groun d water elevat ion
for th e year. 'I'he other areas containing the remaining one-half of the
irrigation on the delta all show a lowering of the ground water in pro­
portion to th eir use or distance from direct sources of ground water
supply. Th e r esults presented should be convincing th at some modifica­
tion of present condit ions of use must occur if a continual lowering of
the ground water over many parts of the K aweah Delt a is to be avoided.
Should such lower ing continue it must eventually result in an in crease
in th e pumping cost to a point where pumpi ng will no longer be
profitable. Th e time before such a condit ion may be reached will
depend on the rate of lowering and the in crease in lift which present
returns can meet . In some ar eas of r elatively slow rate of lowering
such condit ions may not be reached for a considerable number of years;
in oth er areas of r elatively rapid rate of lowering cr it ical condit ions if
present ground water condit ions continue, will be reached in a rela-
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tively short per iod. Further additions to the ar ea irrigated by pum ps
in those areas now showing a lowering of th e gro und wat er can only
ser ve to shorten th e period until such cr it ical condit ions may be r eached.

Th er e are two gene r al condit ions under whi ch additional supply may
be secured for those areas now having an overdraft on their ground
water supply. One of th ese would consist in such modifi cations as
might be made in present condit ions without materially disturbing the
present char acter of practi ce, th e other woul d be changes that would
require th e substitution of new practic es materially affecting at least a
part of th e present methods.

Among the .changes which would not require material modifications in
th e present genera l methods of diversion from th e stream would be the
improvement by lin in g or oth erwise of canals now div erting f rom the
Ka weah Rive r so as to reduce seepa ge losses in th e ar eas adjacent to
t he st ream and already contain ing an excess of gro und water . Such
cha nges would be mai nly of direct 'benefit to the canals serving ar eas
fu r th er from the stream, such as the Tulare Irrigati on Dist ri ct , and the
Packwood Di t ch. Th e r edu ct ion in seepage on such systems would
incr ease the sup ply whi ch could be delivered to th e out er cana l are as
with benefit both f rom the additiona l ir rigati on secured and from the
r epl en ishment of the groun d water. An improvement in delivery to the
advantage of those us ing water from canals would r esult from a more
defin ite scheduling of divers ion with rotation between th e smaller
ditches. This would r edu ce seepage losses in canals and channels an d
st'lpply larger del iveri es for mor e effect ive usc in ir r igati on.

I Ii connec t ion with any improvements for canals now serving areas
wher e the gro und water is loweri ng some in crease in exist ing canal
capacities would also be desi rable. The exist ing canals have been
develop cd to utilize unregulated st ream flow and presumably have been
cxten ded to a total capacity which on the basis of th e valu es at the
t ime of const ruction was economically profitable. Any in crease in
div ersion capacit ies could divert water fo r only limited peri ods during
normal years and for very short per iods in years of less than normal
run-off. 'With the present valu es in th ese ar eas some additional diver­
sion capacity over that of the ori gina l construction should be feasible.
Th e benefits of such increased div ersion capacity would apply main ly
to cana ls on the lower portion of th e delta where the soil condit ions are
such that di rect r epl enish ment of the ground water will occur f rom
su ch in creased cana l use: In the higher areas of close textured soil,
short periods of cana l use while of benefit by redh cing the pump ing
draft during such periods would not resul t in material additi ons to the
ground wat er by percolatio n. _

Th e present developm ent has been found to be equa l ' to one acre
irriga ted fo r each 2.2 acre-feet of mean annual net available supply.
Thi s r epresents a r elatively high rate of developm ent. 'While some
re duction in me might be secured by reduction in th e area of crops of
la rger 'water use. such as alfalfa and a substit ut ion of such crops as
orchards. a change which has been in prog ress in re cent years, th e total
decrease in water consumption to be expected by this method is not
large. Alfalfa and wild pa sture represent less than one-half of the
ar~a now irrigated on th e Kaweah Delta.
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The areas not producing crops on which there may be loss by
evaporation due to high ground wat er represent about 5 per cent of th e
cropped area. Changes in the distribution of canal diversion and local
pumpi ng which would r edu ce such losses ar e desirable. I t will not be
feasible to reduce losses f r om this source ent irely ; there will necessarily
be some areas of high grou nd water adjacent to the st ream channels.

'I'he in cr ease in th e net available supply by the construct ion of
storage to retain excess flood flows only has been discussed. The costs
of storage f or such flood water only were shown to be r elatively high.
Such shortage would not resu lt in injury or interferenc with existi ng
ri ghts as only the ruri-off in excess of exist ing ri ghts would be stored.
It would, however, require a determination of the extent of existing
rights. Due to th e high costs in volved , oth er methods of utilizing
portions of the excess flow now occurrin g by increased canal capacity
and by lowering of ground water adjacent to the channels so as to
increase absorption of flood flow are thought to be more practi cal.
Storage of flood flows migh t be the only means by which excess water
could be made availab le fo r the upper lan ds.

No cha nges in exist ing conditi ons on the Kaweah River are feas ible
or advisable which woul d result in' material injury to present rights.
I t is considered r easonable, however, that present diversions should be
determined on a .standar d of beneficial use which, while supplying an
ad equate amount of water for essenti al crop needs, will enforce a st and­
ard of practic e consistent with public in t erest under present conditi ons
and standards of values. Such a standar d of use may be found to
r esult in somewhat less diversion by some of those ditches having older
priorities of ri ght than may have been the practice in th e past with a
resulting increase in water supply ava ilab le for div ersion by those
ditches of later priority which have been limited to shorter seasons of
diversion. This woul d be of benefit mainly to the outer and lower por­
tions of the delt a as the area served by the ditches of later priority are
generally t hose fu rther f rom the st ream channels.

'I'h e methods of in creasing the use of Kaweah Riv er whi ch involve
cha nges in th e present condit ions of use, both legally and physically,
would include transfers of exist ing canal rights to oth er areas, storage
of winter flow and of excess summer flow and substi tution of pumping
in areas n ear th e river channels for present can al use.

It is possible to in crease th e production secured by th e use of Kaweah
River by changes in the characte r and location of use of parts of th e
present development . A transf er of all or part of the wat er now
diverted bv the La keside Di tch into areas not on the Kaweah Delta to
areas whe~e greate r produ cti on per unit of water supply could be
obtained woul d increase the tota l benefit derived fro m the available
water supply . The substitution in the main canal area of hig h ground
wat er elevat ion of pumped water fo r the present canal service with a
transfer of the present canal div ers ions to areas of deficient canal or
ground water supply would r educ e the average lift of pumping, cau se
a draft on the ground water near the stream where "re plen ishment
takes pl aee most r eadily with a cor responding lessening of th e draft on
those areas of least rapid recharge. A determination in definite terms
of th e extent of th e diversion rights of existing canals both as to amount
and as to the season at whi ch diversion could be made, would enable
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other means of use fo r such portions of the discharge of K aweah River
as are not needed to supply exist ing ri ghts to be undertaken, Except
for th e portions of th e discharge now leavin g the delta as outfiow, such
additional developm ents would be of th e nature of chan ges in present
conditions of use rather than th e makin g available of new sources of
supply.

There is little present loss from the Kaweah Delta of th e run-off
durin g the win ter months. Th e flow at such periods is absorbed or
diverted mainly for ar eas adjacent to th e stream channel f or which
th ere is adequa te r eple nishment ava ilable fro m the discharge during
the main season . Storage of t he winter flow would result in a lowering
of the ground water ncar the st ream channels by the general movement
outward of th e ground water during the winter months. Th is would
result in having a larger capacity ava ilable for absorption of the sum­
mer flow.

Th e present use of winter flow is of some benefit t o those canals
which now divert during such periods. 'I'he exten t of the benefit, how­
ever, is considered to be less than that from use at oth er periods and
it is not cons idered that any material actual injury will r esult to those
lands neal' th e st ream channels by storage of such winter flow.

Storage of win ter flow might bc accomplished either in surf ace
reser voirs such as that at the Ward site or by ground. water storage in
such basins as that now used by the Lindsay-Strathmore Irri gati on Dis­
trict . Th e use of gro und water storage basins along the st ream channel
would requi re means of preventing th e accumulation of sto rage fro m the
portions of the flow to which prio r rights arc entitled. Means of pre­
venti ng such refilling of ground water basin storage f rom wat er required
for oth er ri ghts arc available.' Th crc are many surface reservoirs on
streams wher e th e portion of th e use to which no storage r ights attach
is permitted to flow through or over th e reser voir without depletion in
amount. Th e diff erences physically between th e-use of surface reser­
voirs and ground watcr basins arc ones of ava ilability and cost rather
than of th e r esults secured. Th e extent to which storage of winter
flow might bc ava ilabl e if r ights to its use could be secured have already
bcen discussed.

'I'he following pro gram represents th o conclusions based on these
investi gat ions of th o most fea sible means of protecting the water sup­
ply of thc areas now developed with the minimum interference with
exist ing conditions :

1. Comp lete a dete rmination of existi ng r ights on a basis which
protects existi ng diversions in th eir essent ial needs but in which the
standards of practi ce required ar c commensurate with present economic
condit ions of valnc of land and water. Sn ch a determination should
include a definition of the rates of diversion to which each right is
en title d and a limi tation of th e season in which such rights may be
exerc ised. It ma y be secured thro ugh existing legal means or probably
mu ch more qu ickly and effectively by volnntary adj ustment among the
parties concern ed if ag reement by such meth ods can be reached,

2. I mprove exist ing canals so as to redu ce seepage losses in areas
near th e st ream so as to delivcr a la rger par t of the diversion to areas
away from the st r eam in which-ground water is now lowering. Increase
canal capacities for those syst ems serving such outer areas.
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3. Increase pumping in areas near th e r iver channels using pumped
water as a substitute f or present canal use in these areas so that the
present canal use can be transferred to areas of deficient gro und water
supply. 'I'his will also incr ease ground water storage capacity for
absorption of flood flow from the r iver channels.

4. P ermit use of win ter flow by storage fo r upper lands either in
surface or gro und water basins or a combination of both as may prove
to be most economical.

5. Make di rect transfers of present cana l use f rom areas of less
production per uni t of water supply to those of a higher typ e of use
where su ch transfers can be arranged.

'l'he benefits that would result from car rying out the program
suggested would be the securing of sufficient additio na l water in the
upp er an d outer areas to enable present development to be maintained
without cau sin g inj uries to present use which could not be sub ject to
compensat ion . 'I'he chan ges in present use in th e main canal areas
whi ch would be r equired arc matters of method of securing water r at her
than of amount and no materi al injury should r esul t. Th e continua nce
without change of present conditions of div ersion and pumping must
eventually r esult in the r eduction of th e area now irrigated on some
parts of the Kaweah Delta. The changes suggested would per mit of
th e irr igation of such additi ona l areas as could be supplied from any
reduction of present use or losses such as th e decrease in the amounts
of water now leaving the area or th e mor e efficient use of water now
retained . For the interests of the area as a whole the maintenan ce of
existing developm ent is regarded as of mor e r elati ve imp ortance th an
the irrigation of such new areas as could be supplied by th e program
outlined.

It is considered that it is to the interest both of the individuals
conce rned and of the community as a whole that land on whi ch the cost
of development has already been incurr ed shou ld hav e its water supply
protected before additional lands are bro ught under ir r igati on. Such
develop ed lands can offer security for higher costs in securing the water
needed to supplement their existing supply than lands not develop ed
and requir ing a complete water supply.

Under existing conditions all landowners have an equal right to draw
upon th e ground water underlying th eir lan ds for a reasonable usc of
such ground water. It has been shown that in several parts of the
ar ea the pr esent ground water draft with only pa rt of the area
developed is in excess of th e ground water supply. Additiona l pump­
ing plants install ed in such areas can only hast en the ti me when the
ground- water will be lowered to a point where pumping may not be
profitable. The ir r igati on of addit iona l land in the ar eas of present
high ground water will inter cept water now moving toward th e outer
areas with a r esulting redu ction in the supply reaching th e out er areas.

'l'he changes suggested in the pr esent conditions of use on th e Kaweah
Delta ar e all ones whic h r equire adjustm ent with p resent rights to such
use. Such changes in present use are lar gely ones which can not be
forced upo n the owners of the r ights to such use. Th ere are not means
of compelling an area now r eceivin g can al service to substitute pump­
ing in order that the canal service may be carried to other areas of
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deficient ground water. Storage of winter flow will to some extent
affect present conditions of r eplenishm ent. 'I'he determination of what
flood flow may be availabl e for stor age r equires a definition of existing
ri ghts. That such adjustme nts can not be brought about without much
delay, bit terness and cost unless approached in a spirit of fairness and
community interest as a whole is ind icated by the liti gation which has
been in progress over the pumping of the Lin dsay-Stra thmore Irriga­
tion District for the pa st five years with no t an gibl e r esults as yet except
large costs and mu ch ill feeling among th e parti es concerned.

If the questions of the maintenance of th e present ir r igation develop­
ment on the K aweah Delt a ar e approached with a realizat ion of the
injury that will res ult to the entire area from any perman ent in jury to
any par t it is th ought that at least a part of the suggested changes can
in time be brought about. Th e problems in volved, however, are more
largely human than t echnical and their solution can only be reached by
a thorough reali zation among th ose directly concerned of their int erest
in th e accomplishment of such adjustm ents with the minimum of injury
to tho se affected by the changes and a maximum benefit at minimum
cost to those receiving th e more direct benefits. .
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water may exist in granitic formations, its amount and movement' are
small except along lines of fracture or faulting. It would be contrary
to expe r ience in other areas to expect an y material amount of such
movement here. The greates t losses would naturally by expected to
occur along present st re am channels. Measurements given later show
that ther e is no appreciable loss from the Kaweah River channel abov e
McK ay Point. Pumping near Lindsay lower ed th e water level to a
considerable depth, gener al ground water movement from the upper
areas, if it existe d in this area, should have ser ved to maintain the
pumping supply adjacent to the hills.

E xcept for the two marginal are as first mentioned all of the water
supply for the areas in Tulare County can be consid ered as entering
th e area as surface run-off in the definit e st ream channels. 'The exten t
of such run-off measur es the exten t of the water supp ly tributary to the
are a an d available for irrigatio n . The availabl e rec or ds ' are mainly
those obt ained by the Wate r R esou r ces Branch of the U. S. Geological
Survey sin ce 1901 with some additional records secured by local inter­
ests . E stimates of the run-off f r om 1878 to 1884 have been published
based on the data obt ained during this period by the State Engineer . \
As such recor ds are based on less de tail of obser vation than those more
recently obtained and as the r esults are in many cases inconsistent with
th e more complete r ecent r ecords no use has been mad e of the ear lier
estimates .

In these investigations no study ha s been given to th e f easibility of
br ingin g into this area water supplies not naturally tributary th ereto.
Such studies are ou ts ide th e scope and purpose of this work. There can
be no que stion, however , that f ull utilization of local sources of water
supply should take p rece dence over any pl ans for securing distant
sources of su pply.

KAWEAR RIVER.

Kaweah River is the largest str eam in Tul are County and supplies
about two-thir ds of the ar ea irrigated. Th e run-off of the main st ream
has been measured by the U. S. Geological Survey below '1'hree Rivers
since 1903. Records are also ava ilable for the Nor th and South Forks
since 1911. Recor ds at :l\IcKay Po int ha ve been kept since Octob er,
]9 16, by Mr . H. II. H olley fo r parti es interested in th e divers ions from
the ri ver. Th e pow er compan ies whi ch have plants on the Middle Fork
have kept records on E ast and Marble Forks as well as Middle Fork.
All of th ese r ecords have been mad e availabl e for th e purposes of this
report,

The run-off of th e separate bran chcs of Kaweah Ri ver is not of direct
int erest in the study of the u t il izat ion of thi s st ream for irri gation as
110 reservoir sites of sufficient size to be impor tant wer e found on these
branches. The only site offeri ng possibilities of full r egulation of the
st ream is below th e junction of the three forks at Three Rivers . The
run-off of th e main stream at Thr ee River s gives th e total supply avail­
able for ir r iga tion .

The record of th e U. S. Geologica l Survey station at Three Rivers
during 1918 to 1920 is open to some qu estion due to uncertainty as to
the accuracy of th e repor ted gage heights on which it is based . A
somewhat det ail ed an alysis of these re cords for this period has been
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made and 11 substitute record of discharge used. Th e method of deriv­
ing this substitute record is exp lained in detail later.

For th e period 1903 to date the run-off of th e Kaweah Rive r at Three
Riv ers is shown in Table 1. Th e records, except for 1919 and 1920 are
those of the U. S. Geological Survey. Th e an nu al mean for the 18-year
period is 455,000 acre-feet. Rainfall records fo r thi s vicini ty are ava il­
able since 1890. A study of th ese indicates that thc precipitation for
the period 1890 to 1903 was only 93 pel' cent of th at for th e period 1903
to 1921 and that th e recorded run-off for the latter period would exceed
the mean for th e longer period 1890 to dat e. A comparison by years
indicated an average annual run-off of 416,000 acre-feet fo r the period
1890 to 1903 which combined with the recorded run-off sin ce 1903 gives
a mean annua l discharge for th e peri od 1890 to date at Three Rivers of
438,000 acre-fee t . Th e estimated ru n-off of t he small st reams ente r ing
below Th ree Rivers, as given later , is 13,000 acre-feet per year, giving
a total mean annual run-off of th e Kaw eah drainage area of 451,000
acre-fee t.

TABLE 1.

Discharge of Kaweah River at Three Rivers. Record of U. S. Geological Survey, Except for 1919 and 1920, for Which
Discharge is Computed from McKay Point .

Discharge in total acre-feet

Month
1903 1903-04 1904-05 1905-06 1906-07 1907-08 1908-09 1909-10 1910-11 1911-12

------ - - - - - - --- - - - ------ - - -

Octobor, _______ __ - - - - - --- 2,644 31,420 2,669 7,380 6,890 6,069 5,670 4,430 4,800
November________ -- - - - --- 3,332 6.962 3,368 7,080 6,250 4,260 13,000 4,240 4.960
December__ __ _____ --- - - --- 2,951 5,841 5.103 15,100 12,100 5,240 46,600 6.580 5,570
January__________ ---- - --- 4,796 7,133 48,200 25,309 12,700 92,200 50,600 53,400 6,270
February_________ - -- - - --- 41,933 14,330 23,200 33,300 . 18,800 77,200 25,900 35,800 6.040
Mar ch____________ 39,352 34,000 150,000 63,300 36,800 53,400 48,700 70,100 12,200
April_____________ --- ----- 57,600 46,590 114,000 117,000 47,200 89,800 79,100 75,600 22,500
May _____________ 123,406 126,296 85,220 197,000 120,000 54,500 162,000 86,700 106,000 67,600
June_____________ 104,073 62,598 80,210 278,000 121,000 35,900 217,000 34,900 122,000 61,300J uly _____________ 28,407 13,527 18,620 211,000 62,700 11,400 70,100 12,000 51,800 10,600
August. __________ 3,074 6,641 4,710 42,500 16,000 5,250 16,000 3,680 11,400 3,360
September , _______ 2,559 11,306 2,690 13,400 5.380 4,850 6,600 . 2,880 4,680 2,210

------ - - - - - - --- - - - ------ --- - - -
Total forseason, -- ---- -- 373,000 338,000 1,090,000 594,000 253,000 800,000 410,000 546,000 207,000

Discharge in total acre-feet

Month
1912-13 1913-14 1914-15 1915-16 1916-17 1917-18 1918-19 1919-20 1920-21

--- - -- - - - - - - --- --- --- - - -
October ___ ___________________ 2.340 3,070 4,300 2,640 19,600 3,040 9,900 2,400 7,810
November ___________________ 3,040 6,550 3,460 3,370 8,630 3,300 8,510 2,740 8,750
December____________________ 2,900 7,380 4,950 7,620 17,400 3,370 8,790 9,100 9,590
January_____________________ 5,020 71,900 8,300 94,100 17,200 3,460 6,500 6,030 16,500February ____________________ 7,610 33,700 19,200 61,600 38,300 7,890 22,100 8,400 23,700March _______________ _______ 15,400 51,500 27,000 108,000 35,700 33,500 29,300 37,900 54,700ApriL ______________________ 37.800 67,200 52,800 127,000 70,800 46,900 58800 72,900 49,300May ________________________ 68,200 108,000 104,000 145,000 102,000 65,200 99,000 116,500 89,200
June____________ ____________ 43,100 86,300 105,000 131,000 120,000 46,200 32,900 86,100 85,100
J uly _______ __________________ 15,600 38,700 30,700 59,000 30,600 9,720 9,250 22,500 20,000
August ______________________ 10,700 7,500 6,400 16,700 7,8iO 3,200 2,650 4,900 4,060September ___________________ 8,990 4,240 3,400 6,130 3,370 3,920 1,490 2,650 2,610

- -- ------- - - --- --- - - - - - - ---
Total for season ___~ ________ 221,000 486,000 370,000 762,000 471,000 230,000 289,190 372,120 371 310

- -
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The run-off of Kaweah Riv er is subjec t to r elatively wide variations ­
in different years as shown in 'I'able 1. Th e maximum measured
annual run-off at Three Ri vers sin ce 1903 is 1,090,000 acre-feet , th e
minimum is 207,000 acre-feet . Two consecut ive years, 1912 and 1913,
have had a mean discharge of 214,000 acre-feet or less than one-half
the normal. Of recent years, 1916 was a year of excessive r un- off ;
1917 was about normal; and the last four years have varied from 53 to
89 per cent of normal. 'I'he four years 1918 to 1921 are the long est
period of r ecord in which no year had a run-off equal to or greater
than normal.

Acc uracy of Kaweah R iver Records.
'I'h e records of run-off of the Kaweah Ri ver at Three Rivers as

obtained by the U. S. Geological Survey have been based on gage
height readings taken usually t wice per day. During th e summer of
1921 an automati c r egist er was also installed by Mr . H . H . Holley.
During 1921 th e gage height readings have been taken at 7 a.m. and
7 p.m. The resu lting discharges as obtained by the .r ecording gages
and the two gage height readings are shown in the following ta ble. Th e
same rating table was used for both computat ions so that th e differ­
ences in discharge are du e to variations of th e mean of two gage read ­
ings per day f rom th e actual mean .

Mean )lcan I
I

di schar ge, d lse h arge , Dffference, Difference,
)!on th recording gage, 2 gage heigh t second-fe et per centreadings.second -t eet secon d-feet

Ap ril - - - - - - - - - - - -- - - -- - - -- - - - - - - - - - - - - - 826 780 46 5.6
lIIay --- - - - --- - -- - ---- - - -- --- -- - -- .-- - - - 1,440 1,360 80 5.6
Jun~ --- - - - - - -- - - - - - - - ---. - - - - . -- - .-..- - 1,430 1,320 110 7.6

These r ecords indicate that two readings per day at the hours used
give a smalle r discharge th an th e actual at this stat ion during th e
months of snow water flow. This differ ence is du e to th e fluctuat ion
of the discharge during the day caused by t he variations in the hourly
rate of snow melting. As th e three tributaries of the Kaweah have an
approximate ly equal length of cha nnel to the por ti ons of their drainage
areas contr ibuti ng the larger portion of the run-off the daily peak of
each branch coincides in tim e at the Three Rivers station. This resul ts
in a greate r range of daily discharge than would be expected on most
of such streams. Th ese dai ly variations are lim it ed to the months of
melted snow flow. Dis charge, during th e rainy season , does not show
similar variations. Typical r ecords are shown in Fig. 1.

The comparisons made in 1921 might be used as a basis for a conclu ­
sion that th e discharge at 'I'hree Rivers as published is less than t l:e
actual dischar ge and that some in crease in such records would be
warrant ed. Any such corrections would apply only in the summer
months and the amount of th e cor rect ion would depend on the actu al
time of reading of the gage. Th e actual ti me of rea ding of th e gage in
the past is not definit ely known alt hough it was pro bably in the early
morn ing and toward even ing . Th e uncertainties as to th e t ime of read­
ing make th e application of a correction inadvisab le. 'I'he conclusion
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appears warran ted, however , th at th e actua l discharge at Three Rivers
is probably slightly more rather than less than the amount shown by
the record.

Kaweah River Records 1919 and 1920.

Since 1916 a record of the discharge of Kaweah Rive r at McKay
P oint has been kept by the cana ls interested in the di vision of flow at
that point, the actual record bein g secured under the supervision of
MI'. H . H . Holley, engineer for the can al associa tion. A compa r ison of
the record at l\IcK ay P oint with th at at Three Rivers indicated differ­
ences not explainable by interm ediate diversions. Th ese differ ences
began to occur late in 1918. I n order to secure a check on the Three
Rivers r ecord an automatic r egister was install ed at Three Rivers in
1921 by Mr. Holley. A change was also made in the Geological Survey
observer. Th e records during 1921 (Table 2) indicated a close agree­
ment of th e discharge at 'I'hroe Rivers and at McKay Po int when
allowances fo r in termediate div ersions are made. .As the Three Rivers
r ecord f or 1919 and 1920 appears to be based on in accurat e gage height
records a subst it ute r ecord has been prepared based on the l\fcKay Point
record plus th e intermediate diversions.
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TABLE 2.

21

Comparison of U. S. Geological Survey Record of Discharge of KaweahRiver at Three Rivers for 1918-1921 with Record
Computed by Adding Intermediate Diversions to Discharge of Kaweah River at McKay Point.

Total acre-feet, 1918-19 Total acre-feet , 1919-20 Total acre-feet , 1920-21

Mont h Difference Difference Difference
Corn- U.S.G.S. U.S.G.S. Corn- U.S.G.S. U.S.G.S. Corn- U.S.G.S. , U.S.G.S.

, pute d minus puted minus put cd minus
computed compute d computed

--- ---------- - - --------- - - - ---
October ___ *9,900 9,900 ----- -- -- - 2,400 3,880 +1,480 6.350 7,810 + 1,460
November , *8,510 8,510 - -- - -- ---- 2,740 3,620 +880 7,910 8,750 +840
December _ *8,790 8,790 ----- - -- -- 9,100 29,100 +20,000 9,470 9,590 + 120
January___ 6,500 6,640 +140 6,030 7,190 +1,160 15,700 16,500 +800
February __ 22,100 18,900 - 3,200 8,400 9,610 + 1,210 22,700 23,700 + 1,000
March_____ 29,300 26,300 - 3,000 37,900 60,100 +22,200 45,500 54,700 +9,200
ApriL ____ 58,800 66,000 +7,200 72,900 69,600 - 3,300 51,000 49,300 - 1,700
May______ 99,000 99,000 116,500 108,000 - 8,500 89,500 89,200 -300
June. :_____ 32,900 29,400 -3,500 86,100 97,000 + 10,900 84,400 85,100 + 700
Ju ly_______ 9,250 7,130 - 2,120 22,500 22,800 +300 21,270 20,000 - 1,270
August, ___ 2,650 2,410 - 240 4,900 5,830 + 930 4,140 4,060 -80
September_ 1,490 2,340 +850 2,650 3,660 + 1,010 2,850 2,610 -240

- - - - - - - - - - - - - - - - - - ------ ---
Totals___ 289,190 285,320 -3,870 372,120 420,390 +48,270 ' 360,790 371,310 + 10,530

*U. S. Geological Survey record used.

'I'he McKay Po int record sin ce 1917 has been secured by means of
an aut omatic regist er . 'I'he rat ing is controlled by the weir used to
divi de the flow between the Kaweah and St. J ohns cha nnels. The
records of div ersion (secured by 1\11'. Ho lley) of the canals diverting
between Th ree Rivers an d McKay Po int are not complete and est imates
have been used fo r portions of the r ecord . Th e esti mates ar e con­
sidered to be fairly accu rate as the diversions are re latively unifo rm
and the amounts estimated are a small part of th e computed totals. The
interm ediate run-off between Three Rivers and McKay P oint was
relatively small in all of the years used in these comparisons.

PLATE I , Figure A. Di vision Weir at MeKa y Point.
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Th e agreemen t of the Three Riv ers and l'lIcKay Point records for a
typical period in 1921 as well as th e extent of daily fluctuation are
shown in Fig. 1. Th e differ ence in discharge is du e to interm ediate
div ersions. A't th e dates where th e river is rising the time diff erence
between Three Rivers and l\IcKay Point, a distance of !) miles is only
one to two hours; on other dates whcn the river is falling th e difference
in time is about seven hours. 'I'ho exte nt of th e daily fluctuations indi­
cates th e probability of er ror where records are based on sin gle gag e
r eadings. Th e ri ver rises for abou t six hours during the day and
recedes during the other eighte en hours. Th ese period correspond with
the ti me of melting at the higher altitudes. Th e percentage fluctua ­
ti ons at McKa y P oint are larger than at Three Rivers indicating th at
there is no spreading out of th e maximums or mini mums in the st ream
channel betwe en th ese two points.

Other comparisons were tried in order to check the Three Riv ers
records. Th e total annual discharge of th e Kaweah Riv er was , com­
pared with th at of th e Kings and Tule riv ers. Th e variations in th e
ratio of run-off in diff erent years arc greater than the variations in the

P L A T E T, Figure B. Gaging Station on Cross Creek a t H a n ford Roa d B ri dge .

years in qu estion on the Kaweah River . Apparently th e storms pro­
ducing th e larger portions of th e precipitation vary in th eir distribution
over these adjacent drainage areas in diff erent years so that th e rela­
tionship of the resulting run-off is not consistent.

A comparison of th e sum of th e record s on th e North, Middle and
Sou th forks with that at Three Riv ers was also made. Th e records on
th e Middle F ork are kept by the power comp anies at th eir diversions.
Th e South F ork record is not complete in r ecent years. 'While th e
re cords of these stations are based on gage readings only and can not
be considere d as dependable as the McKay P oint record, they, in gen­
eral, tend to support the :MeKay Point record in those months in which
McKay P oint differs from ' Three Rivers.
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As these compa r isons indi cated th at th e record comp uted f or the
discharge at Three Ri vers was more consistent than the Three Rivers
record, the compute d resu lts have been used for th e years 1918-19 and
1919- 20. F or 1920- 21 th e Three Rivers record was used as it agrees
quite cons istently with that computed from :l\IcKay Point except during
:i\Iarch.

Channel Losses in Kaweah Riv er.

In order to determine whether there is any channel seepa ge eit her
above or below Three Rivers a series of measurements were mad e dur­
ing the low water per iod in Augnst and September, 1921. Measure­
ment s were mad e of each of the three forks and of the d iversio ns and
the records at Three Rivers and McKay P oint for the same dates
secured. Th e results are shown in the following table :

Upper Lower
measurement , measuremen t,

second-feet second -fee t
Dtverstons, ILosses or gain,
second -f eet second- feet

Nor th Fork 2.84
South Fork 4.82
Middle Fork . _

'I'o t aL ,, _
Kaweah River at 'l' hree Rivers Sta . . _

1.79 3.02 + 1.97
1.0 2.92 ---{).90

43.30 - - - - - - - - -- - - ---

46.20 -- - - - - - - - - - - ---
51.00 _.._- - - - - -- - - + 4.80

The gain on North Fork is considered to be due to return flow f rom
irrigation diversions. Th e loss on South Fork o.ccnrs in th e coarse
mate rial in the lower portion of its length. Measurements up the
Middle Fork were not made due to condit ions of diversion for power.
There is probably little, if any, loss except by seepage from the power
flumes which may be lost bcfore r eaching the r iver.

F rom th e junction of North and Middle Forks there appears to have
been a gain of nearly five second -feet to the gaging station below 'I'hre e
Rivers , a distance of about four miles. In th e nine miles between
Three Rivers and McKay Point there was an indicated ' gain of seven
second-feet. The extent t o whi ch t hese gains may cont inue thro ughout
the year is not known , It is probable that th ey represent mainly ground
seepage to the river channel from early season flood flow or div ersion
for ir rigat ion rather th an a continuous ground water movement The
conclusion appears warranted that th ere lS at least no channel loss
above l\IcKav Point and that the flow at Three Rivers is th e total run­
off of the upper drainage area. 'I'he wells above Me.Kay Po int have in
general given small yi elds, a further ind icat ion of lack of seepage.

TULE RIVER.

There are two points of measurement whose records give the
principal part of the run-off of th e 'I'ule River drainage area. These
are th e stations (1) on th e main river above th e mouth of the South
Fork and (2) on th e South F ork. The run-off of t he small area below
these stations is discussed with the oth er minor drainage areas.
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Main Tule River.
Th e record of th e main st rea m gives the r un-off f rom 266 squa re

miles of drainage area in clud ing th e Midd le and North Forks an d their
t r ibutaries. Th e draina ge area extends back to th e divide of the Kern
River drainage at elevat ions of over 9000 feet along most of the crest.
'I'he North Fork of Middle Fork extends northward to the east of North
Fork and receives the drainage of mu ch of th is higher area. Th e mean
annual run-off of the North Fork of the Middle Fork appears to be
about 900 acre-feet per square mile, of the South Fork of the Midd le
Fork about 600 acre-feet per square mile and for the remainder inc lud­
in g the Nor th F ork about 2'75 acre-feet per square mile.

Th e record on the main stream is continuous since 1901. Th ere are a
few small diversions above th e stat ion but th e record gives the water
available for use below. Its accuracy is considered satisfactory. The
r ecords are based on daily gage heights. There are' no cont inuous gage
records available. Th e daily fluctuations du e to snow melting are prob­
ably less on this st r eam than on the Kaweah. The annua l discharges
are given in Table 3.

TABLE 3.

Runoff of Tule River Near Porterville, Above Mouth of South Fork. Drainage Area, 266 Square Miles. Record of
U. S. Geolegical Survey.

Discharge in total acre-feet

Month ~

1901 1901-02 1902-03 1903-04 1904-05 1905-06 1906-07 1907-08 1905-09 1909-10
--- --- - ----- - - - --- - -- ---

October, ___________
- - - - - - - - 1.783 1.476 1.045 3.382 775 2.370 2.830 1,920 2,740November __________ ---- ---- 2.559 2.975 1,428 1.78-5 2,523 2.900 3.150 2.030 5,270December___________ -- -- -- -- 3.074 3,812 1,722 2,275 5.792 5.970 6.520 2.720 36.600January____________ - -- --- -- 2.767 15.618 1.845 2,914 30.700 14.300 7.130 55.000 21,100February _____• _____ - --- ---- 8.830 9,608 6.960 4,215 11.100 15.800 15.200 49.800 10.000March______________
- -- - - --- 22.259 15.86-1 17,401 14.140 8~.200 21.800 18.200 32,600 13,300

April. ; ___ _________ _
-25j oi- 33.977 26,598 16,602 12.200 45.900 45.500 10.600 45.200 13.600May _______________ 21.090 22.013 16.110 19.250 66.409 20.890 10.100 45.000 9.470June____________ ___ 14,281 11.306 9.402 4,403 8.688 57.890 15,600 4.750 34.300 3.180July ________________ 3,751 2.644 2.337 1,045 2.023 22.300 5.060 1,230 10,100 1,110August_____________ 1,168 1,291 1.045 553 603 5,189 2.260 633 3.300 406September __________ 1,012 893 833 1,190 488 2.820 1.780 1,100 2.300 631
--- --------- --- - - - --- - - - - - - - - -Totals___ ______ ___ . 45.900 112.000 112.000 70.300 71,000 335.000 154.000 81.400 285.000 117.000

Discharge in tota l acre-feet

Month
1910-11 1911-12 1912-13 1913-14 1914-15 1915-16 1916-17 1917-18 1918-19 1919-20 1920-21

- - - --- --- - - - --- - - - --- - ----- - - - - - -

October, ___ 1.360 1.520 429 212 928 581 5.840 928 490 529 879
November__ 1,900 2.550 904 2,230 1.210 1,750 3,800 1.680 1.430 976 1.690
December__ 2,980 2,930 1.390 4.180 2.560 3,790 12,600 2.180 2.790 3.230 3.070
January____ 17.800 4,000 1.740 44.400 4.500 58.200 9.410 2.370 2,490 1.920 4.960
February___ 15.100 3.370 1.640 14.300 9.720 33.200 19.300 2.870 6,500 2.160 8.500
March. ____ 26.900 5.450 5,130 14.300 10.600 51.800 16.100 12.800 13,500 18.100 14,400
April. , _____ 21.000 9.700 7.970 15,900 14.900 38.700 23.000 8.930 15.600 25.600 9,640May_______ 17,400 12.200 6.210 16.500 37.400 33,200 24.800 5.810 , 12.100 20.700 15,300J une______ _ 10.890 6.720 2.950 9.640 16.100 18.500 17,500 1,960 2.700 9.340 8.930J uly _______ 3.380 842 445 2,480 3.510 6.200 3.640 167 259 1.510 1.090
August_____ 1,330 175 142 627 744 2,240 1.150 56 34 194 98
September__ 988 314 278 397 625 1.200 547 159' 18 209 57

--- --- --- - - - - - - - -- - ------ - - - - - - --
Totals____ 121,000 49.890 29,200 125.000 103.000 249,000 138.000 39.900 57,911 84,468 68.614
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Th e mean annual discharge of the main river station since 1901 has
been 120,000 acr e-feet . This r ecord does not cover ' the dry period
between 1890 and 1900. As the rain fall records begin in 1889, th e
measured run-off sinee 1901 was plotted against the rainfall for each
year and th e in dicated relationship used to estimate th e probabl e run­
off for 1889 to 1900. 'I'he rainfall f or these earl ier years averaged 88
per cent of the long tim e mean . _ 'I'he r esulting estimates of r un-off
averaged 88,000 acr e-feet per year for thi s ear lier period.

F or the full period, 1889 to 1921, th e est imated and measured run-off
indicat es a mean annual discharge of 106,000 acr e-feet per year for the
area above th e present gag ing st ation on the main 'I'ulo River .

For the peri od of actua l record the years of smallest discharge were
1912 and 1913 with a total of 50,000 and 29,000 acre-feet r especti vely
or 47 and 27 'per cent of the probable long t ime mean . In 1918 th e
discharge was 38 pe r cent of the long time mean. Th e largest measured
discharge was in 1906 with 335,000 acre-feet or t hree t imes the long
tim e mean . Two other years, 1909 and 1916, were 2~ and 2-:1:- tim es the
mean . For th e years 1889 to 1901 the est imates indicat e a minimum
discharge of 28,000 acr e-feet in 1898 with no yea rs -exceeding 1.5 -t imes
the probabl e long time mean.

Fo r the long t ime peri od t he discharge at the gag ing station on t he
main Tule River appears to be derived about as follows : .

Drainage area

South Fork of Middle F or k . _
North Fork of Middle F or k _
Bear Creek _
Remainder of drainage a re a -t -

'1'0 t a ls _

Mean annual I
run-oft'. acre-fee t

25.000
30.000
5.000

46.000

106.000

Per cent of total

23
27
5

45

100

South F ork of the Tule River.
The records on the South Fork of Tu le Rive r began in 1910. T'he

record is not complete for all parts of the period since 1910. The dis­
charges are given in Table 4 in which the missing records which have
been supplied by estimates based on comparison with the record of the
main Tule River are in dicated.

F or the eleven yea rs of r ecord th e mean annu al discharge has been
2'8,750 acre-feet . Th e maximum measured run-off has been 87,000
acre-feet in 1916 and the min imum 9040 acre-feet in 1913.

In order to estimate the run-off on th e South F ork over a longer
period than that covered by t he record , the recorded discharges on the
South F ork were pl otted against the discharge of the main 'I'ul e River .
From th e relati onship in dicated the discharges for previous years were
estimated by compa rison with the measured or esti mated discharges on
the main 'r ule River.

For the period 1890 to 1921, th e mean annual discharge of the South
Fork of Tale River , as estimated on the above basis, appears to have
been 29,000 acre-feet with variations f rom 8000 to 95,000 acre-fee t in
different years.
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'I'he gaging stat ion on th e South F ork is several mil es above its
entra nce in t o t he main st ream. 'I'he gagi ng stat ion on the main
stream is also above t he base of th e hill s. While the portion of the
drainage area f rom which th e r un -off is not measured f urnishes a rela­
ti vely small pa rt of the total d ischarge it has been est imated for pur­
poses of completeness. 'I'he result s arc shown wit h those for all areas
in Table 6. In minimum years the discharge is negligible ; in wet years
it is est imated that as much as 9000 acre-fee t of run-off may occur with
an average of about 2000 acre-feet per year. The estimate for this
lower area was based on the same methods t hat were used for oth er
sma ll unmeasu red areas as explained later.

TABLE 4.

Runoff of South Fork of Tule River Near Porterville. Drainage Area. 76 Square Miles. Record of U. S. Geological
Survey Except as Noted.

-

Month
Discharge in total acre-feel

isio-n 1911-12 1912-13 1913-14 1914-15 1915-16 1916-17 1917-18 1918-19 1919-20 1920-21
- -- - - - - ----- - --- - - - - - --

October____ 302 440 285 132 326 264 1,680 330 470 311 430
November__ 780 509 516 581 405 738 *750 550 750 370 893
December__ 916 719 555 1,760 818 2,340 *1,000 607 1,030 2,210 1,540
January ____ 3,210 615 941 15,300 1,440 21,600 2,800 715 756 568 1,840
February___ 2,850 555 944 4,670 2,850 12,500 *4,000 1,524 1,790 863 2,780
March_____ 6,760 1,640 1,650 4,090 3,190 18,800 5,200 3,204 4,480 6,390 4,610
ApriL_____ 4,560 4,150 1,8.30 5,360 4,320 13,000 *5,000 2,012 4,590 9,340 3,270
May_______ 2,860 3,740 1,040 4,110 14,300 9,900 *3,500 *1,200 3,140 3,830 3,330
June_______ 1,480 1,830 684 1,570 4,250 4,630 3,720 *500 940 1,970 2,150
July _______ 481 595 303 658 1,380 1,920 1,340 114 233 . 726 615
August, ____ 196 210 112 151 435 849 586 46 133 322 242
September__ 162 158 152 165 256 496 270 209 135 417 210

----- - - - ------ - - - - -- - - ---
Tolals ___ 24,600 15,200 9,040 38,000 34,000 87,000 29,846 11,011 18,447 27,317 21,910

"Records incomplete; discharge estimated by comparison with Main Tule River in connectionwith these invest iga­
tions.

Summary for Enti re T ule River Drainage Area .
A summary of the run-off for the different parts of the Tule. River

draina ge ar ea gives a t ota l est imate d long time mean annual run-off of
137,000 acr e-feet with a minimum of 36,000 acre-feet an d a miximurn of
439,000 acre -feet . F or the th irty-two years covered by the records and
est imates, there are th ree years in which t he run-off exceeds twice the
mean. Th e run-off in each of the last four year s has been less th an
normal , the average for t he four years being 59 per cent of normal .
'I'his is th e longest per iod during the thirty-t wo years in which no year '
had a run-off at least equa l to the mean .

Run-off of Small er Drainage Areas in Tulare County.
In addit ion to K aweah . and 'rule rivers th er e are Deer and White

creeks and various other small drainage areas whi ch discharge their
run-off in to the valley por t ion of Tulare County. Except for Deer and
'White creeks the discharge of these st reams has not been measure d.
In order to make an .estimate of the tota l water sup ply of th e area some
bas is of est imat ing the discharge of such drainage areas is r equired.

The method used has consisted of an est imate of the precipitat ion at
differ ent elevat ions on each drainage area with an est imate of the run­
off r esulting f rom such p recip itation. ' Th e details of the method are
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discussed in Bulletin 9 of this office ent itled " 'Water Resources of
Kern River and Adjacent Streams and Their Utilization." Th e
curves used for Tulare County arc as shown in F igs. 2 an d 3.

Most of the precipitation records available are for relative low ele­
vations. Precipitati on in creases with elevation ; the rate at which such
increase occurs appears to be as in dicated in F ig. 2, based on such
records as are available.

Th e relationship of rainfall and r un-off as shown in Fig. 3 is also
based on such records as arc available. Th e curves for drainage areas
for which the discharge has been measured were developed by trial.
The curves for unmeasured areas were then est imated by comparison
of the characte r of t he drainage areas.
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Whil e such a method of est imat ion can not be exact it is thought to
repr esent the probable run-off within reasonable limits. The figures
given are th ought to be fully as large as the actual run-off.

Deer Cree k.
There is a record for the upper 17 mil es of drainage area at Hot

Springs from 1911 to date, one for 15 square miles on Tyler Creek for
1911-13 and one for 1919 to date for 76 square miles of drainage as
secured by J lr. Irving Althouse, engineer for the Ter ra Bella Irrigation
District.



28 DEPARTMENT OF P UBLIC WORKS.

'I'he Tyler Creek records are classed as poor by the U. S. Geological
Survey. Th e Hot Spr ings record on Deer Creek is generally fairly
consist ent ; the 1920-21 record, however , ap pear s excessive in com­
parison with oth er adj acent streams. 'I'he elevat ion, rainfall, and run­
off r elationships were developed for Deer Creek above H ot Springs as
shown in Figs. 2' and 3. These agr ee fa irly well with the records.
Th ese curves .were used for estimat ing th e long time run-off of the
remaini ng upper drainage area on 'l'yler Creek. For t he drainage

/*XJ~ ,..- ,..- "... .,- .,-....,,.....,~

~ /200 ...-----+-----+-----t-----1Io-------,I--Ir-r+-.f--I

~
~
~ /OOQ ...-----+----+-----+---~I--___.f_.f.HfI-~---1

~
~
~ 800.----+---+----+----+,4--,H-,Jlj--j~---~
~

~
~
'\6a7r-----'I---I-----1fJOA1--t~~---II___-~

{
~
~ 4a7.----+---+-~~-+-#oe.illJL-+---__j.---~

.~

~
I 2a::J.- +-_~T:.A:iq".:>&lf;-.,~1C+---__I----~--___I

~
l(

o ........,.;;liiil:::;."., =:;;-...::;;....._ "--__....L ....L. .....__-"

o ~ ~ ~ ~ ~ M

7Orq/ ?/'lPCfLJ/ rt:7T/O/l ./'er Jeod'o/l /..7 //7ches

ryr.3. /?e/o/ /O/l orR"'c~/rq//o/l q/lq /'?V/7-o//

. Tor T v/qre CovdY'oro//lt?fe Are<7<7

area below Hot Spr ings the ra infall run-off records for' plains ' condi­
tions was used. From th e parts, the run-off of the total drainage area
was computed giving th e curve shown in F ig. 4.

Th e run-off curve for the entire Deer Cr eek drainage area given in
F ig. 4 gives results averagin g about 18 per cent greater for 1920 and
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]921 than the measurements mad e by the Terra Bella Irrigation Dis ­
trict . Th e conditions in both of these years were such as to produce
probably less than the average r un -off from the precip itation. 'I'he
run-off curve used ap pears, however, to give results as great , if not
somewhat greate r , than would probably be shown by a long direct
record of run-off.
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The precipi tat ion for th e years of r ecord was used with the Deer
Creek curve given in ' Fig. 4 to est imate th e Deer Creek run-off for each
year . For the t hirty-two years since 1890 this gives an estimated
mean annual run-off of 19,000 acre-feet with a max imum of 50,000
acre-feet and .a minimum of 5000 acr e-feet .

A second est imate of t he run- off of Deer Creek was prepared by
comparison with the South Fork of 'I'ule Riv er . The comparison of the
drainage areas is shown in the following table.

Square mfles of drainage area

Elevatlon of drainage, acre-feat
South Fork of

Tule River Deer Creek

Below 2,000___ _________ ____ ________________ ______________ 4 41
2,000 to 3,000__________ ___ ________ _______ ____ ________ __ ___ 8 15
3,000 to 4,000_____________________________________________ 20 21
4,000 to 5,000____ _______ ___________ ________ ____ _________ __ 15 . 12
5,000 to 6,000_____________________ __ ______ ___ __ __________ _ 12 10
Over 6,000 - - - - - -- - - -- - - ---- - - -- - - - - - --- - - - - - - - -- - - - - - - --- 17 11

'1'0 t aIs___ ___ __ _______ ____: ______ ______ ____ ____ ___ ____ 76 110

To tal above 2,000___ ___ ________________ _____"'- __ 72 69

Some of the South Fork drainage area exceeds 8000 feet in altit ude.
While th e total areas above 2000 feet elevation are closely simila r, the
South F ork has 44 squa re miles over 4000 feet elevation as compared
with 33 square miles for Deer Creek. 'I'he rainfall curves, F ig. 2,
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indicate that the South Fork will receive about one-eighth more preeipi­
tation than Deer Creek du e to its location farther north.

'I'he r ecorded run-off of South F ork of 'I'ule River for 1920 and 1921
is 27,300 and 21,900 acr e-feet. The measured run-off of Deer Creek
was 14,100 and 11,400 acre-feet for these years. This equals 52 per
cent of the estimated run-off of South Fork in each of the two years.
Th e percentage r ela tionship may vary in years of excessive r ainfall.

.Usin g this ' percentage, the estimated mean annual run-off of 29,000
acre-feet on South F'ork of 'r ule River would indicate a mean annual
run-off of about 15,000 acr e-feet on Deer Cr eek.

Both methods of est imat ion involve elements of uncertainty. The
conc lusion ap pears warranted, however, that the average run-off ' of
Deer Creek does not exceed 19,000 acre-feet per year and that this
estimate is more liable to be above rather than below the actual run-off'.

White Creek.
Measurements of the discharge of the upper 21 square mil es of the

drainage area of 'White Creek were made in 1911-13. The records
give a smaller run-off than would be exp ected from the rainfall and
run-off' curves for low hills area. The rainfall run-off curve has been
nsed as the r ecords ar e subject to some uncertainty as to their accuracy.
For the remainder of the drainage area the run-off has been est imat ed,
using th e rainfall run-off curve for the pl ain s area. The resulting
cur ves ar e shown in Figs. 2, 3 and 4.

The est imate d mean annual run-off' for the 77 square miles below the
gaging stat ion is 2500 acr e-feet and that for the area above the gaging
stat ion is 3800 acre-feet, a t otal for the whol e stream of 6300 acre-feet.
All of this run-off can be considere d as r eaching the ground water as
the flow is absorbed from the creek channel, the distance to whi ch the
fiow r each es varying with the run-off in differ ent years. The est imated
total run-off varie s f rom 1500 to 2G,000 acre-feet in different years.
Th e estimated aver age run-off for the five yea r s 1917 t o 1921 is 4000
acre-feet.

White Cre ek drains a narrow strip of area extending directly back
to th e divide of the Kern River drainage area. It does not extend
along this divide t o th e same extent as Deer Cr eek and consequent ly
ha s a smaller drainage area at the hi gher elevations. The r un-off of
'White Creek ap pears to be less, relatively , than that of Deer Creek.

In ] 921, the rains in May r esulted in flow as far as the Southern
P acific Railroad sou th of Ducor, a discharge of 12 second-feet being
used in irri gati ng grain at that point on May 2'3. Th e fiow rapidly
decr eased and r eceded up the cr eek channel within it few davs. Th e
fiow at th e east line of township 27 east began early in May ~nd con­
tinued at a general average of about four second -feet until th e middle
of June. About two miles further upstream th e flow began earlv in
April and cont inue d to the end of June. In 1909 it is stated "that
water r eached the east line of township 24 east. In 1919, the water
is r eported to hav e r eached Sec. 7, T. 24 S., R. 26 E., and in 1920, Sec.
] 1, '1'. 24 S., R. 26 E. 'r he channel in this portion of its length has
been eroded into th e older sedimen ts and ha s not built a more r ecent
delta until th e areas fur th er west are r eached.
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RUN-OFF OF MINOR DRAINAGE AR EAS IN TULARE COUNTY.

In this discussion are in cluded th e small strea ms and the portions of
the main streams below the gaging stations. While small in amount
and uncer tain in occurrence some at tempt t o est imate quantitatively the
run-off of these drainage areas appears to be desirable. Such an est i­
mate is difficult to mak e du e to the absence of direct r ecords. 'I'he
est imates given are tho se for th e total quantity of water which would
be expected to be discharged f rom each area. In some cases locations

PL ATE II, Figure A. Ge ne r a l V iew of Dra inage Area of Yokohl Creek.

PLATE II, F ig ure B. Co ncrete F'Iume of L in dsa y-Stra t h m ore Irriga ti on D is tric t.
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for measuring the qua ntit ies given probably would be difficult to find
lis the chann els probably lose water within th e drainage areas. Th e
figures given are the total amount of water which it is est imated the
drainage areas contribute to the ground water or to direct diversion .
While there is no basis for testing the accuracy of the est imates it is
t hought that they are grea ter rather than less than th e actual r un-oft'.

The smaller drainage areas were taken from th e 1919 Forest Serv ice
map of th e Sequoia National Forest, having a scale of one-fourth inch
to the mil e. This map shows streams but not elevat ions. As far as
the area covered permitted th ese wer e checked by the Kaweah and
'I'ehipite U. S. G. S. qu adrangle sheets. The est imate of the area in
each thousand feet of elevat ion was made f rom the U. S. G. S. sheet
where availab le and by general est imate for the r emainder . The lower
limi t of the area. contributing any run-oft' is indefini te, the areas given
exte nd down to elevations of 500 to 600 fe et for most of the st reams.
Run-off from areas below 2000 feet elevat ion is practically negli gibl e in
amount except in years of excessive precipitation.

Th e drainage areas are give n in Tabl e 5.
'I'ho est ima te d precipi ta t ion was taken for the different elevat ions

f rom the prec ipitation an d elevat ion cur ves shown in F ig. 2. 'I'he est i­
mated run-off was taken from th e rainfall run-off curves shown in
F ig. 3. The ' plains' curve was used for the lower drainage areas modi­
tied somewhat to ta ke into account local factors in the probable varia­
tion of rainfall with elevat ion. Th e curves showing th e res ult ing
relation between th e est imated run-off and the rainfall in per cent Of
normal are shown in Fig. 4. Th ese curves are used wit h the precipi ­
tation for each year to give the est imate d t otal run-off fGr that yea r .
The resulting mean annual run-off is shown in Table 6.

TABLE 5.

Drainage Areas of Fool Hills Streams, Tula re County .

Strea m

Sand and Storey creeks cast of OrosL­
Cot tonwood Creek above Woodlake __

Limekiln Creek _

Greasy Creck and Kaweah River on
nort h side below Three Rivers _

Kaweah Fiver on south side below
Three Rivers including Horse Creek,

Yokohl Creek _

Lewis Creek _
Fra zier Valley _
Tule River below Success and South

Fork below gaging statio n _
Deer Creek below Terra Bella Irr iga-

tion district station _
Fountain Springs area _
nag Guleh _

While Creek below gaging slat ion _

Drainage
area. ill
square
miles

50
87

87

15

37
52

32
15

50

27
36

130

77

Elevation of drainage area

All estimated as less than 2000 feet elevation. No map availab le.
Es timated as 57 square miles 2000 to 3000 feet; 10 square miles

3000 to 4000 feet. •
Est imated as 40 square miles under 2000 feet ; 25 square miles 2000

to 3000 feet ; 15 square miles 3000 to 4000 feet; 5 square miles
4000 to 5000 feet; and 2 square miles over 5000 feet.

8 square miles over 2000 feet elevation-maximum, 3500 feet.

Varies from 600 to 3000 feet; 15 square miles over 2000 feet .
27 square miles under 2000 feet ; 12 squa re miles 2000 to 3000 feet;

8 square miles 3000 to 4000 feet ; 5 square miles 4000 to 5000 feet.
5 square miles over 2000 feet; rest down to 700 feet. .
All under 2000 feet.

10 square miles over 2000 feet .

All under 2000 feet .
All under 2000 feet.
72 square miles under 2000 feet; 50 square miles 2000 to 3000 feet;

5 square miles 3000 to 4000 feet ; 3 square miles over 4000 feet.
49 square miles under 2000 feet; 25 square miles 2000 to 3000 feel;

3 square miles 3000 to 4000 feet.



W ATER RESOUR CES OF TULARE COU NTY. 33

F or all drain age areas shown the est imated mean annual run-off is
39,000 acr e-feet fo r the 700 squa re miles in cluded . Of this about one­
third is into Kaweah Ri ver below th e Three Rivers gag ing station, the
largest part of this coming from Limekiln Creek whi ch has some drain­
age area of 6000 feet elevat ion in Grouse Meadows. Th e upper por­
t ions of the drainage area of Limekiln Creek should have. a r ate of
run-off similar to areas of equal elevation on the North F'ork of the
Kaw eah . Cottonwood Cr eek ha s a d rainage area similar in size to that
of Limekiln Creek but of lower average elevat ion. The general
topogr aphy is somewha t less rugged and a smaller rate of run-off is to
be expec ted. 'I'his is indicated by conditions in 1920-21 when Limekiln
Creek flowed during the winter and du ring th e rain in May, 1921, while
no surface flow r eached the lower por ti ons of Cottonwood Creek during
this peri od.

'I'he other lower tributaries of th e Kaw eah Riv er are small and of
limited discharge, flowin g only after fairly heavy sto r ms.

Yokohl Cr eek, while it ma y be considere d as a tributary to Kaweah
River , enter s th e valley lands before reaching th e river and is prac­
ti cally a separate stream. 'I'he upper portion of the drainage area is
fa irly rugged with some bare gra nite, the lower hills are .rounded and
th ere ar e bottom areas along th e creek in whi ch th e flow may be largely
absorbed. In some por tio ns willows an d, grass indicate some ground
water supply . Th e upper one-half of th e dra inage ar ea probabl y sup­
plies over three-fou r ths of the run-off. The total run- off appears to
reach the gro un d water along its course or in the adjacent areas in the
valley.

TABLE 6.

Estimated Run-off of Minor Drainage Areas in Tulare County.

. -
Estimated

Dra inage Estimated mean an nual
Drainage area area, mean an nua l runoff, acre-

square miles runoff tota l, feet per
acre-feet square mile

Sand and Storey creeks __________________________________________ 50 3,000 60Cottonwood Creek_____ _______ ______ ___________________ ___ ______ 87 7,000 80
Kaweah River below gaging station, including Limekiln Creek________ 142 13,000 - 92Yokohl Creek___________________ _ ____ _, _________ _____________ 55 4,000 73Lewis Creek__ ________ ______________________________________ ____ 22 1,500 68FrazierValley__________________________________________________ 22 500 23
Tule River belowgaging stations______ ____ _______________ ______ __ 57 2,000 35Dear Creek belowgaging stat ion___ ___________ ____________________ 27 800 30Fountain Springs___________ ____ _________ _______________________ 36 1,000 28
White Creek belowgagingstat ion__ ___ 77 2.500 32
Hag Gulch____ __________ ____________~ ~ ~...: ~ : :::::: : ::: : : : : : : : : 130 3,500 27

Totals__________ _______ _________ ___________________________ 705 38,800 55

Lewis Creek has a small drainage area, all of which is less than 3000
feet in elevation. 'I'here is a dam with wells on this creek, the water '
being taken to lower lands. Th e lands serve d are now a part of tho
Lindsay-St rat hmore Irrigati on District . Lewis Cree k is r eported to
flow only followi ng r elat ively heavy r ains such as storms giving a
precipitation of t wo inches or over.

3-2 1044
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Frazier Valley and Fountain Springs areas are broad, fiat land f rom
whi ch thc surface run-off is negligib le in amount but in which ther e
may be minor absorpti on in th e channels of local wash es.

The lower Tule River areas are large ly on the South Fork below the
gag ing stat ion. The est imate used indicates that such r un -off is less
than 2 per cent of that measu red at t he gaging st ations .

Deer Creek below the gag ing station is a low area whi ch probably
contr ibutes run-off only at ti mes of excessive precipitation . Th e
average am ount may be as est ima ted .

'White Creek below t he gaging station is a roll ing area two-th ir ds of
which is below 2000 feet elevatio n. An er r at ic r un-off of about the
amount given is to be expected.

Rag GUlch has a ra ther extensive rolli ng drain age area of generally
low elevation . In ma ny years its run-off does not r each th e valley as
surface flow, Thi s drainage is the only definite area tributary to th e
lands alon g the Tula r e-Ker n County line and its uncertain and

. limited discharge in dicates the lack of direct sources of ground water
re plen ishment in this area,

T OTAL WATER SUPPLY F R O M DRAINAGE AREAS DI SCHARGING
INTO TULARE COUNT Y.

The proceeding discussions of th e run-off of each drainage area may
be summarized as follows :

T otal Mean Annual Run -off of Drainage Areas Dis c ha rg in g Into T u la re County.

a .ream s from North to South

Sand and Stor ey Creeks _
Co t tonwo od Creek : _
Kaw eah Ri ve r, entire dra inage area _
Yokohl Creek ~ _
Lewis Cre ek _
F razie r Va l ley _
Tule River, enti r e dra in age area _
Deer Creek _
F oun tain Springs _
Wh it e Cr ee k _
Hag Guleh, _

C!'o t a I _

Acre -teet

3,000
7,()()()

451,()()()
4,000
1,500

5!JO
137,()()()
18,900
1,000
6,3(jO
3,500

633,700

Th e total given, 634,000 acre-fee t, r epresents the total water supply
whi ch, f rom th e data now availab le, appears to be the 'mean annual
water supply from these areas. Th e records are considered adequate
to f urnish a basis for determining with practi cal accuracy t he act ual
run-off. It is not probable th at longer periods of measurement will
show mean discharges mater ially diff erent f rom the figure given. The
total r epresents the water . which is ava ilab le for use in the portions of

. Tul ar e County dep endent on this snpply for their irr igation. Not aU
of this discharge is now used or can be used due to variations in its
amount in differ ent years. It is not evenly distributed over the areas
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requiring ir rigation. Its utilization dep ends on the detailed conditions
for storing in reser voirs, diversion by canals, or absorption as ground
water all of whi ch varv with differ ent streams. 'I'he utilization of
these water supplies is discussed separately for the areas dependent on
the sepa rate sources of supply .

As later discussed the average surface outflow of the K aweah River
is estimated to be 70,000 acr e-feet pel' year and of the 'rule River 17,000
acre-f eet per year. Deducting th ese amounts from the total inflow of
6:i4,000 acre-feet gives a 'mean annual water supply under present eon­
ditions of development for the lands depend ent on th ese water Sli ppli es
of 547,000 acre-feet.

SURFACE OUTFLOW FROM VALLEY AREAS.

The preceding discussions have covered the water supply enter ing
the irrigable areas covered by this report. Not all of such flow is
retained within the area. At t imes of flood a part of the run-off passes
across the valley areas and enters 'I'ulare Lake. Th e following discus­
sion relates to the surface flow which passes across th e valley areas.
Questions regarding th e escape from these areas of gronnd water sup­
plies are discussed later in Chapter IV.

Of th e streams ente ring the vall ey lands in Tulare County only.
Kaweah and Tule r ivers contribute any material flow to Tulare Lake.
While no dir ect records for Deer an d W hite creeks are ava ilable fo r
flood years the in di rect data does not indicate that any such excess
run-off r eaches Tulare Lake. Th e record s available on Kaweah and
'r ule River covel' the seasons of 1916, 1917, 1920 and 1921.

Outflow from Kaweah Delta.
Excess run-off f rom Ka weah River may reach Tulare Lake through

two groups of channels. Th e flow of the r iver is divided at McKa y
Point between th e St. Johns and Kaweah rivers. Water flowing
through St. Johns River without being diver ted enters Cross Creek near
Goshen and finally r eaches Tulare Lake. Water not div erted from th e
Kaweah Riv er channels may rea ch Tu lare Lake by either entering
Cross Creek or by ming ling with Tule River water in E lk Bayou .
Outflow from the delt a occurs more genera lly through Cross Creek than
through Elk Bayou. Th e latt er flow is usually small in amount except
in years of excessive run-off.

Water rea ching Cross Creek may be used by diversion into lower
canals before reaching Tu lare Lake. Su ch div ersions, however, are out­
side the area covered by these invest igations, and do not affect what is
regarded as th e delta of Kaweah River .

Records of th e outflow of Kaw eah and Tu le r ivers were kept in 1916
by the State Department of Engin eering. T he Kaw eah River records
were secured near th e entr ance of Cross Creek into Tu lare Lake and
do not includ e diversions from Cross Cr eek. Th e conditions for meas­
urement were somewhat unf avorabl e. Th e records for the winter flow
are incomplete. 'l'he records for Tule River were secured at the rail­
road crossing ncar Turnbull and ar e probably reasonably accurate.
The actual records with th e estimated div ision of th e Tule River
records between the two sources of it s supply are given in Table 7.
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TABLE 7.

Records of Outflow of Kaweah and Tule Rivers in 1916, with Estimated Division of Flow Between Kaweah and Tule
Rivers.

Months in 1916

- - --- -1--- - ---- - - -------- - - - - - - - -
January 45,800 94,100 38,300 79,800 45,800 49 48 48,000 41,500
February __ 29,000 61,600 34,500 45,700 7,500 36,500 59 59 25,000 18,700
MarcIL __________ 50,800 108,000 53,100 70,600 8,100 58,900 55 64 49,000 25,600
ApriL___________ 27,600 127,000 4,860 51,700 2,400 30,000 24 5 97,000 49,200
May 26,000 145,000 3,000 43,100 3,000 29,000 20 116,000 43,100
June_____________ 22,800 131,000 270 23,130 300 23,100 18 108,000 23.100
July______________ 10,500 59,000 8,130 10,500 17 49,000 8,100

- - - ------ - - - - ----- ----------
Totals 212,500 725,700 134,030 322,160 21,300 233,800 32 35 492,000 209,300

A compa rison of th ese records for outflow from the Kaweah Delta in
January with the inflow at Th ree Riv ers shows th at the outflow equals
the inflow in excess of 1200 second-feet; that is, th e inflow over 1200
second-feet on 14 days of the month is equal to th e volume of the out­
flow. This is equivalent to sayin g t hat inflow up to 1200 second-f eet
was retained in January and that an y excess pass ed acro ss the delta.
A similar compa ri son fo r F ebru ary indicated that all inflow in excess
of 450 secon d-feet appeared as outflow. Th e smaller amount retained
in February can be accounted ' for by the heavy precipitati on and
January use sa tisfying the water requirements so that smaller diversions
were made. For March th e simila r figures indicated that th e outflow
equaled the inflow in excess of 800 second-fee t, for April, 1600 second­
fe et ; for May, 1900 second-feet ; for June, 1800 second-feet; and for
July, 900 second-f eet . The actual outflow during July is thought to
ha ve been delayed flow front June rath er tha n direct outflow of July
run-off. -

Th e flow in Cross Creek at the bridge on the ma in Hanford road was
measured by 1\11'. H . H. H olley dur ing 1!J17. '1'he record has been made
avai lable for usc in thi s r eport. 'I'ho measurements give directly the
actual outflow from the Kaweah Delta below the Lakesid e Cana l. The
records cover May and June. In May the discharg e was 5000 acre-feet
and in June 21,930 acre-feet. 'I'he outflow in May equalled the flow
at Three Rivers in excess of 1800 second-feet, in June, in excess of 1750
second-feet. In 1917, the run-off' was equa l to about the average for
the Kaweah River.

No direct. r ecords are availabl e for 1918 'an d 1919. Indirect data
indicates that there was little if any outflow in th ose years. Th e inflow
was less than normal.

In 1920 water from Kings River was diverted into Cross Creek
through the Lake Lands cana l. A record of th e diversions of the
Corcoran Distr-ict was secured under the dir ection of Mr. Max Ender­
lein . Th e difference between the Kings River diversion of the Lake
Lands cana l and of the diversions of the Corcoran District is considered
to be Kaweah River ' wat er . On this basis in May the Kaweah River
outflow would have been approximately equ al to the flow at Three



WATER RESOURCES OF TULARE COUNTY.

CHAPTER VIII.

STORAGE SITES ON TULE RIVER.

'137

Storage on the Tule River has not been as extensively investigated in
the past as it has on the other adjacent rivers. In the report by Mr.
A. E. Chandler in 1901 on Duty of Water in Tule River Basin, pub­
lished as a part of Bulletin 119 of the Office of Experiment Stationsof
the United States Department of Agriculture comments on two pro­
posed sites are given. 'I'hese sites are at Pleasant Valley on the main
stream and just below the Indian Reservation on the South Fork. The
poss ibility of construction of the Pleasant Valley site has been under
some general discussion at various times without any definite steps look­
ing toward its development being taken. Plans for the use of the site
on the South Fork have been made by the South TuleIndependent
Ditch Company for a capacity of about 500 acre-feet, construction being
contemplated as soon as the financing of the work can be arranged.

The status of present water rights on Tule River, as previously
discussed, indicates that there would be considerable difficulty in
adjusting present diversions so as to enable any large portion of the
run-off in normal years to be stored. It may well be that it would be
to the advantage of at least some ditches to store a portion of the water
they now receive in the earlier portion of the season for use in the late
summer months but the extent of such storage is uncertain and 'the
rearrangement of the present system of diversion of the river would be
complicated. The discussion of the run-off in excess of present diver­
sions shows such excess to occur in only occasional years. Its storage
as a basis for a dependable annual supply would require a -lar ge
capacity in proportion to the average annual use obtained from it and
would only be economical in case storage sites having a very low cost
per unit of capacity were available. '

. " The desirability of extensive storage on Tule River involves consid­
erations both of present use of the flow and of the availability of sites.
The feasibility of storage can not be settled without fairly definite data
on capacity and probable cost of available sites. For this reason it was
considered advisable to make surveys and prepare cost estimates for the
regulation of Tule River by storage although preliminary investigations
indicated that the conclusions would be unfavorable.

Surveys were made of both the Pleasant Valley and the South Fork
sites. On the South Fork the survey of the South Tule Independent
Ditch was utilized and extended to cover a larger capacity. As the two
sites are dependent on different sources of water supply they are most
conveniently discussed separately . A general reconnaissance of the
drainage areas of the tributaries of the main stream failed to reveal
other desirable storage sites. The grades of the streams are generally
steep without valley areas closed by narrow dam sites. On the Middle
Fork there is a possible site below the mouth of Bear Creek; a prelimin­
ary estimate of cost and capacity indicated that the cost would be
excessive and no surveys were made.
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PLEASANT VALLEY R!OSERV<?IR SITE ON MAIN TULE RIVER.

Map 6 shows the topography of this site. Th e details of the dam sites
are shown on Fig. 14. Th e survey was carried to elevat ion 800 giving
a total capacity of about 80,000 acre-fee t . The capacity and area
cnrves are shown in Fig. 15.
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For res ervoirs of over 12,000 acre-feet capacity two dams will be
required, one on the stream cha nnel and one north of the main dam to
close a depression in the rim of the rese rvoir. For capacities of over
60,000 acre-feet capacity a third dam 'would be required to close another
depression in th e, rim. 'I he main dam, if of masonry const ruction,
could contain the spill way ; if of a form of const ruct ion not suitable to
overpour, th e spillway might be located at one of th e depressions.
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At the main site (Plate IX, F ig. A ) bed rock is not directly exposed.
Th ere are su rface boulders of granitic rock both north and south of the
river . Abov e the height. of-the dam on the slopes what appears to be

. bed rock is exposed. Th e depth of material over suitable bed rock on
th e slope is probably not excessive. Th ere is li ttle definite basis, how­
ever, f or an estimat e of the depth of bedro ck at the present stream
channel and across the bottom of the present low land adjoining the
stream. Ais this low land has a width of about 400 fee t the depth to
bedrock in this portion of the dam would materially affect the cost of
cons tr uct ion . The probability of r ecommending the use of this site was
not sufficient to warrant the cost of borings at this time.

For a capacity of 80,000 acre-feet the length of crest of the main
dam would be 1700 f eet. For a capacity of 25,000 acre-feet it would
be about 1400 fee t . These lengths and the width of the valley bottom
make some form of straight dam preferable to an arch 'type. Owing to
th e uncertainty as to depths of bedrock estimates of cost were
prepared on three bases: (1) that no stripping would 'be required, (2)
that st ri pping of the least amount considered probable would be
r equired and (3) th at st r ipping of an amount thought to be sufficient
to cover any probable depth of bedrock would be r equired. The first
assumption is obviou sly more favorable than can occur, the second is
most f avorabl e that can be exp ected and the third should in clude the
least favorable conditions that would be expect ed. The depths of strip­
ping given wer e based on examinat ions of surface conditions at the
site and are shown in Fig. 14.
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P LATE ' I X , F igu re A. G en eral Vi ew of Plea sant Valley R eservoir Si t e on Tu le River.

PLATE IX, Figure B . L ooking Across
Main Dam Si t e F ro m South End at
Plea sant Valley R es ervoir Site on
T ul e River.
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Cost estimates for the differ ent assumptions regarding foundation
conditions and for differ ent capacit ies were .made from which the
curves shown in F ig. 16 have been plotted. The estimated costs were
based on un it costs of $8 per cubic yard for masonry an d $2 per cubic
yard for stripping with ite ms for pavin g, out let gates, control of the
r iver durin g const ruction, relocation of roads an d railroad, and pu r­
chase of lands required. An addition of 15 per cent to th e estimated
cost of the above it ems was made to ' cover engineering and contin­
gencies. Th e est imate d cost of the masonry equals about 60 per cent
of the estimated total cost .
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The est imates as plotted in Fig. 16 show the cost of a masonry clam
at this sit e to be relat ively hig h p~r unit of capacity. Under the best
foundation condit ions to be expected -the cost fo r the masonry clam at
the largest capacity woul d $50 per vacre -foot and might be $65 per
acre -foot with foundation 'condit ions which might be found to exist.
For smaller capacities the unit costs arc correspondingly greate r .

Estimates were also made for an ear th dam across th e present stream
channel with spill way at one of th e oth er two dams depending on the
height of the dam. Provision for puddled cut-off trenches and for th e
grouting in the foundation of the main dam were made. The spillway
would require concrete construct ion to prevent cutting back and would
be more expens ive and less desirable than an overpour at the main dam..
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An' estima ted cost of the earthwork of $0.60 per cubic yard was used.
Th e mat er ial r equi r ed in pa rt at least would have to be brought from
areas wit hin: the rese rvoir site. Th e estimated costs are also plotted in
Fig. 16. These costs are lower than those of any masonry dam that
could probably be built at this site although generally the type of con­
struction would be less desirable than a masonry dam, In the following
discussion of the possible use of this reservoir site the estimated cost
f or the earth dam has been used .

In order t o determine the use which might be secured from such a
reservoir it was assumed that the full flow of the Tule River was
ava ilable f or regu lation by storage so as to secure the maximum utiliza­
ti on ,of the water supply . This .is equivalent to assuming that there
are no exist ing rights which must restrict the max imum use of the water
supply an d of ap proaching the study of storage on th e basis of
maximum' usefulness. 'I'he mean annual run-off at the site sin ce 1901
ha s been 120,000 acre -feet per year. Preliminary studies indicated
that the annual differences in run-off would permit a regulated supply
of 100,000 acre -feet per year being obtained without either excessive
shortages or without excessive amounts of storage.

The run- off r ecords were compared with the monthly demands and th e
excess availab le for storage or the deficiency to be supplied from storage
determined. The supply which it was attempted to maintain in each
month was as follows : March, 7000 acre-feet ; April, 12,000 acre-fcet ;
May , 20,000 acre-feet; June, 18,000 acre-feet; July 17,000 acre -feet;
August, 13,000 acre-feet; September 13,000 acre-feet; and October, 3000
acre -feet. The summary of th e results obtained together with the
estimated costs are given in Tab le 37.

TABLE 37.

Summary of Use and Cost of Storage of Different Capacities at Pleasant Valley Reservoir Site on Main Tule River.
Regulated Supply for Irrigation of 100,000Acre·feet per Year. Costs Based on Earth Dam at River withSpillway
at Dam No.2.

Thousands ofacre-feet unless otherwise noted

Acre-feet n

storage a·
capac-

ity ~

~
,

f
"
~
,

-- - --- - - - - - - - - - - I-- --1f-- -I- - --- - - - -
20,000

40,000

50,000

60,000

80,000

o
3

6

11

21

31

20

17

14

11

18

29

32

35

38

51 $1,300,000 $65

40 1,800,000 [45J

37 2,050,000 41]

34 2,300,000 38

31 2,750,000 34

$72

: 62

64

66

72

20,000 11

10,0001 3

10,000 3

20,000 3

$500,000 $25

250,000 25

250,000 25

450,000 22

845

83

83

150
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A capacity of 20,000 acre -fee t is not sufficient to prevent shor tages
in almost all years in the supply it is attempted to maintain. A
capacity of 40,000 acre -fe et r educes th e average shor tag e to 20 per cent
of the r egulat ed supply. Such shor tages would have exceeded 20 .per
cent of the supply in nine years of th e 20 years of r ecord. A cap acity
of 50,000 acre-feet would have given shortages in excess of 20 per cent
of the r egulated supply in seven years and a capacity of 60,000 acr e-feet
in six years out of 20 years. A capacity of 80,000 acre-feet would haye
reduced th e shor tages by the amount of the increased capacity in only
two years in the 20 years of r ecord. Large stor age capacit ies will not
prevent shor tages in series of dry years except by holding water in
stor age over several seasons. Shortages in 1904 and 1905 would have
had to be met by storage carr ied f orw ard f rom before 1902 . Excess
run-off in 1909 would have had to be held to meet the shor tage in 1913.
To have met the shor tages of the last four years , storage would have
had to have been car rie d forward from 1916 with a total stor age
capacity of 175,000 acre-feet. With th e wide fluctuations occurring in
the run-off in differ ent years it is obviou s that it is not f easible to com­
plet ely- eliminate shor tages within r easonable limits of cost . For the
condit ions existin g on the 'I'ule River at th is sit e it is thought that a
r eservoir of 50,000 acr e-feet capacity is as large as would be warranted.

. ST ORAG E O N SOUTH FO RK O F T ULE R IVER.

There is a r eservoir site on the Sou th Tule River just below th e
Indian R eservation whose development to a capacity of 500 acre-feet
is pla nned by the South 'l'ule Independent Ditch Comp an y. Such
developm ent would p ermit this company to hold run-off in the earlier
portions of the season for use in the later por tions.
. This site also appears to be th e most favorable one on th e South Fork
for larger sto rage capacities. Within the Indian R eservation the grade

. of the stream becomes steepe r . Below this site ther e are other locations
at which stor age mi ght be cons t ructed. Preliminary investigat ions
indicated that such sites would have less f avorable costs and no greate r
capacit ies th an t he site of the South Tule Independent Ditch Compa ny
a nd 'no actual surveys of oth er sites were made.

In order to det ermine th e probable costs .and capacit ies of the South
'l'ule Independent Ditch Company site the survey mad e f or the canal
company by Mr. G. B. Sturgeon was extended to a capacity of 5000
acr e-feet . The to pog r aphy is shown on Map 7 and th e capacity cu r ve
in Fig. 17. This capacity would . r equire a dam of about 100 feet in
height. At this elevat ion th e dam site begins to lengthen so th at the
costs of larger capacities would be inc reased.
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The mean ann ua l run-off of the South Fork of 'I'ul e River at this
point has been est imate d as 29,000 acre -feet . A storage capacity of
5000 acre-feet will not cont rol this run-off and mak e it available for
irrigation at the t imes needed. ' Such a reservoir, however , when oper­
ated in conj unction with one on th e main 'I'ul e River at Pleasan t Valley
could be used t o regulate both st reams.

Th e dam site is located about one-half mile below the Indian Reserva ­
tion boundary ; for the capacit ies given some land within t he reservation
would be flooded. The exact location of the 'dam would be determined.
by its height; the form ation is generally granit ic with contact with
schists of various textures. Th e depth t o bedrock is probably small
and the characte r of th e rock satisfactory at all locations.

The cross sections at the various dam ·sites avai lab le are such that a
sing le ar ch da m would give lower costs . F or the 5000 acre-foot
capacity a single arch dam with a radius of 500 feet , a crest length of
900 f eet , a maximum height of no f eet has been estimated to cost
$535,000 or $107 per acr e-foot of capa city. Th is is a relati vely high
unit cost . For smaller capac iti es th e cost per acre-foot would be
larger.

With a storage capacity of 5000 acre-feet, a regulated supply of
20.000 acre-feet per year could be secured with an average shortage of
4000 acre-feet, the shor tages exceeding 30 per cent of the supply in one
year in four.
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COMBINATION OF PLEASAN T VALLEY AND SOUTH FORK STORAGE.

As the capacity of the r eservoir site on the South Fork of Tule
River is less r elative to the run-off than t he Pleasan t Valley site on
th e main stream, a combination of the two sources of water supply
might be used to advantage. Under such a combination th e flow of the
South Fork could be used for direct demand as far as it is available
so as to enab le a larger por tion of the flow of th e main 'rule to be held
in sto rage at th e Pleasan t Valley site .

Such a combination to furn ish a to ta l regulat ed supply of 120,000
acre-feet pel' year distributed th rough th e season to meet th e estimated
crop needs with 5000 acre-feet storage capacity on th e South Fork and
60,000 acre-feet storage capacity at Pleasant Valley was studied. 'I'he
summary of th e res ult s is shown in Table 38. Th e monthly discharges
for the South F ork pr ior ' to 1910 were est imated by comparison with
th e main 'I'ul c Ri ver.

TABLE 38.

Summary of Use of Storage on Main Tule and on So uth Fork for Regulation of Whole Stream. Annual irrigation su pply
of 120,000 acre-feet with 5,000 acre-feet of storage on South Fork a nd 60,000 acre-feet of storage on Main Tule.

Thousands of acre-feet

Used Available Storage in Storage Unus ed
Nat- Nat- directl y Re- for st orage reservoir end used flow Short-

Year ural ural quired of seaso n age
flow flow from in
Main South Sout h Main ator- Sout b Main Sout h Main South Main South Main supply
Tule Fork Fork Tu le age Fork Tu le Fork Tu le Fork Tule Fork Tule

--- - - - ----- - ---- - - - - ----- -
1901-02____ 112,2 30 .0 24,7 44 .6 50 .7 5 .3 67,6 0 14.3 5 .0 45 ,7 ,3 7 ,6 0
1902-03____ IILO 30 ,0 20 ,5 45.4 54 .1 9 ,5 65,6 0 10.9 5 .0 49 .1 4. 5 19.9 0
1903-0L ___ 72.6 19 .0 15.0 39 .5 65 6 4 .0 33 .1 0 .9 4 .0 43 .1 0 0 18 .5
1904-05____ 69.2 19.0 15.3 47 .1 57 .6 3 .7 22.1 0 0 3 .7 23 .0 0 0 30 .9
1905-06____ 337. 1 95.0 70 .0 33.4 16 6 25 .0 303 .7 0 48.4 5 .0 11.6 20 .0 243.7 0
1906-07- ___ 154.7 42.0 32 .7 48 .8 38 .5 9 .3 105.9 0 27.3 5 .0 33 .5 4 .3 93 .5 0
1907-08____ 80 .5 2L O 13.5 33 .3 73 .2 7 .5 47 .2 0 0 5 .0 60,0 2 .5 14.5 8 .2
1908-09____ 285.6 75.0 48 .0 43 .9 28 .1 27.0 24L7 0 37.4 5 .0 23.1 22.0 18L2 0
1909-10____ 116 .1 30 .8 11.4 32.3 76 .3 19 .4 83 .8 0 0 5.0 60.0 14 .4 6L 2 1L3
1910-11- ___ 121.1 24 .8 17 .0 47 .0 560 7.8 74.1 0 9 .0 5 .0 5LO 2 .8 14.1 0
1911-12____ 48 .6 15 .1 12.7 35 .8 7L5 2.4 12.8 0 0 2.4 2L 8 0 0 47.3
1912-13____ 28 .9 9 .0 6.0 23 .3 90.7 3 .0 5 .6 0 0 3 .0 5 .6 0 0 82 .1
1913-1L ___ 125 .8 38 .1 16.4 44.0 59 .6 2L 7 8L 8 0 5 .4 . 5 .0 54 .6 16 .7 21.8 0
1914-15____ 102.4 33 .9 28.4 47 .7 44.9 5 .5 54 .7 0 20. 1 5 .0 39 .9 .5 .1 0
1915-16____ 254.5 87 .0 39 .0 45 .8 36 .2 48 .0 208 .7 0 31. 9 5 .0 31.2 43 .0 165.7 0
1916-17___ 132.7 29 .8 20 .5 57.8 41.7 8 .5 75.7 0 23 .3 5 .0 36 .7 3 .5 47 .6 0
1917-18 ___ 39 .6 11.0 7 .5 22 5 90 ,0 3 .5 17 . 1 0 0 3 .5 40 .4 0 0 46. 1
1918-19 ____ 57.9 18 .3 14.0 29 .5 76,5 4 .3 28.4 0 0 4 .3 28 .4 0 0 43 .8
1919-20 ____ 84.7 22 .0 18 .5 43 .5 57 ,0 3 .5 4L2 0 0 3.5 41.2 0 0 12.3
1920-21- ___ 68 .1 18 .0 12.4 39 .0 68 .6 5 .6 29 . 1 0 0 5 .0 29.1 .6 0 34 .5

--------- - -------- - - ----- - - --
Mean __ 120 33 22 40 58 11 80 0 11 4 36 7 44 18

'I'his study indicat es that for th e 20 years covered su ch a supply
could be maintain ed with an average shortage of 7 per cent. Some
shor tages would have occurred in one-ha lf of the yea rs; shor tages
exceeding 25 per cent of the supply would have occurred in six years
out of twenty. Th e supply is well main tain ed except where two or
more dry years occur in su ccession, for such conditions the storage
capacity provided is not sufficient to furnish ad equ at e car ry-over stor ­
age from previous years .

Th e mean annual sto rage used would be 40,'000 acre-feet. The total
eost of the two reservoirs is est imated as $2,750,000. 'I'his est imated

1 0- 21 044
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cost is equivalent to an average of $42 per acre-foot of total capacity or
$68 per acre-foot of mean annual use.

Th e additional sto rage capac it y obtained from storage at Pleasant
Va lley between 50,000 and 60,000 acre-feet would have been useful onl y
four times in tw enty years and the smaller capacity would be fully as
economical. Incr easin g th e capacity at the Pleasant Valley site to
80,000 acr e-feet would have redu ced the shortages in five years of the
t wenty-y ear period of record. .

'I'he regulation of Tule River by the use of th ese two reservoir sites
would not make available an y materially larger amounts of water than
are now retained on the 'I'ul e River Delta. Th e excess run-off now
leaving Tule Riv er is irregular in occurrence. Some parts of th is would
be made available for use by such storage but no extent of storage which
is economically f easible will prevent th e outflow of unused water in th e
occasional years of abnormal run-off. Th e estimates previously given
indicate that excessive amounts of outflow have occurred on th e Tule
Ri ver in only three years in the last thirty-two years. Th e estimated

. average outflow of th e remaining tw enty-nine yea rs has been only 4000
acre-fee t per year . In view of the large estimated cost , the complica­
t ions in volved in the adj ustments with exist ing ri ghts which would be
required and the small amounts of additional water supply which could
be made available, it does not appear desirable to undertake to r egulate
the Tule River by sto rage at these two si tes. Such stora ge as may be
available, su ch as that proposed by the South Tule Independ ent Ditch

·Company where these unfavorable fa ctors do not apply, is desirable.
Present conditions of developm ent on the 'rule River are utilizing

nearly all of the runoff of this stream. As previously dis cussed,
present ground water draft exceeds the repl enishm ent. It is considered
that th e inter est of the ar ea depend ent on Tule River will be better
ser ved by an under standing of th e limitations of the available
wat er su pply and by efforts directed toward th e use of more of the
dir ect run-off as it occurs with greater care in th e use of the water
pumped from th e underground supply. .
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OTHER AREAS IN SOUTHER N TULARE COUNTY.

DEER CREEK AREA•

. Th is area in cludes thos e lands whi ch appear to be depend ent on the
r un-off of Deer Cr eek for such surface and ground .waters as may be
available. I t lies between the Tule River and W hit e Cre ek areas and
extends from the foothills to the general mingled ground water of th e
Sun Joaquin Valley. Like oth er areas its boundaries are not definite
and some min gling of th e ground water from adjacent sources may
occur.

Th e est imated mean annual run-off of Deer Creek as previously given
is 19,000 acre-feet . This wit h th e run-off of such lower hill areas as
are t ributary to this area, which has been estimated as not over 1000
acre-feet, gives a mean annua l wat er sup ply of 20,000 acre-feet . Some
of the discharge of Deer Cr eek is diverted in th e Deer Cr eek Ditch and
used for irriga tion but th e mu ch larger part of th e run-off r eaches the
underground water .

Th e results of the canvass of th e area irrigated in 1921 are given in
Table 39. Th ese are divid ed into four areas having differ ent dist an ces
f rom th e upper portions of Deer Creek. Th e areas irrigated by th e
Terra Bella I r r igation District are given separately ; th e water supply
is secured f rom th e upper of the oth er three ar eas. Orchards are th e
crop of la rgest acreage. 'l'hese consist almost wholly of cit rus types
grown in th e upper por ti ons: Th ere has been a large planting of
vineyards within the past two or three years.

TABLE 39.

Lands Irrigat ed In 1921 in Deer Creek Area. Areas in Acres.

Eas t of west
line of range

I n towns hip In townships 27 E ., excluding By Terra BeUa
Crop 23 S., ranges 22 and 23 S., Terra Bella I rrigat ion Total

24 and 25 E. rang e 26 E. I rrigat ion District
District

Alfalfa ___________________________ 1,592 1,012 25 ----- -- - - - ---- 2,629

~~~:~~: : : : :::::::::::::::::::::: 120 252 2,323 3,023 5,718
945 2,398 --- -- ---- ----- 726 4,069Corn _____________________________ 861 199 12 18 1,090

Miscellaneoua. ..___________________ 1,582 253 32 74 1,941

Tot als _______________________ 5,100 4,114 2,392 3,841 15,447

The data on the amount of water pumped gave an average use of 3.6
acre-feet per acre for alfalfa. 'I'his is a rela t ively high rate of use
and is th e resul t of less careful meth ods of application in areas of less
lift. Th ere is a very marked difference in the amount of wat er used
on orchards under individual pumping plants and that within the
Terra Bella Irrigation District . Where individuals have their . own
pumping plants availab le for cit rus orchards the avera ge use was found
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to be 3.0 acre-feet per acre. In th e 'I'erra Bella district the average use
was 1.7 acre-feet per acre for citrus and 1.0 acre-feet per acre for
deciduous orchards. Th er e is less young orchard relatively under the
individual plants than within th e district . Th e average use on vine­
yards was 1.9 acre-feet per acr e within th e district and 2.1 acre-feet per
acre on those under small pumpin g plants, the larger part of th e vin es
in both areas having been planted less than three years. Th e miscel­
laneous crops include grain, pa sture, ri ce and cott on. Th e average use
was 1.3 acre-feet per acre.

In Table 40 the total draft and its effect on ground water elevat ions
are shown . 'I'he average fluctuations are fo r the gross areas in clud ed in
each division. 'I'he pumpin g draft is generally concentr ated within a
portion of each area .with a r esulting var iation of the fluctuation.

TABLE 40.

Areas Irrigated and Draft on Ground Water in 1921 for Areas Dependent on Deer Creek for their Water Supply for
Surface Irrigation and for Pumping.

Lowering Rise in
Area Draft in of ground ground

Gross irrigated Tota l Draft in acre-feet water for water,
Area area, by draft. acre-feet per acre yea r Nov. 1,

acres pump ing, acre-feet per acre of ending 1920. to
acres irrigated gross Nov.T , Feb. 1.

area 1921, feet 1921. feet
- - - ------------ - - -

In township 23south, ranges 24 and25 eaet ..______________________ 38,400 5,100 12,384 2 .4 0 .32 1. 9 + 0. 10
In townships 22 and 23 south,

range 26 east. ______ _______ ____ 27,500 4,114 9,501 2 .3 0 .35 2 .7 - 0.10
East of west line of range 27 east,

excluding Terra Bella Irri gati on
District, _________________ _____ 40,000 2,392 7,468 3 .1 '0 .33 1. 25 + 0.65

Terra Bella Irrigation Distriet _____ ----- - -- -- 3,841 5.815 1. 5 ----- -- --- - - -- - - - - - - - - - - - - - - - -
- ----------------- - - -

Totals__________________ ____ 105,900 15,447 35,168 2. 3 0. 33 1. 9 0.25

'I ncludes pumping by Terra Bella Irrigation District.

'I'he total draft for th e whole area is 35,000 acre-feet. This was
obtained by a canvass of each individual pumping plant in which data
on its discharge and period of operation were obtained as definit ely as
the va riable field condit ions would permit. In some cases of excess
use ther e may be some return to th e ground wat er by seepa ge and
per colation and th e figures given probably exceed th e net draft on the
ground water. The figu res for the 'I'er ra Bella district ar e based on
caref ully kept r ecords of the district .

In 1921 the meas ured r un-off of Deer Creek was 11,440 acre-feet at
the gag ing stat ion of the 'I'erra Bella dist r ict . Allowing for scattered
run -off below the sta tion, the total avail abl e water supp ly was about
15,000 acre-fee t . Th e est imated draft in 1921 was over twi ce the ru n­
off for that year and over 50 per cent in excess of the estimated mean
annual run-off ava ila ble for these areas. A maintenance of th e present
rat e of draft can only be expected to result in a cont inued lowering of
th e ground water. Th e recovery of th e ground water during th e wint er
months is confined mainly to th e upper portion of th e ar ea. The wint er
fluctuations were very limited in th e outer portion, the ground water
standing without material cha nge during th e months of minimum draft
and lower ing with th e draft in th e ir r igation season. Th e rate of
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replenishment in th ese outer areas appears to be very slow and the low­
er ing for th e year appears to represent about the amount of wat er
pumped. In th e upper ar ea the pumping of the 'I'er ra Bella distr ict is
'included wit h that of the small plants. A similar rate of average draft
res ulte d in less loweri ng than in the outer areas. .

Th e Terra Bella Irr igation Dist ri ct was organized in 1917 an d
acquired about 70 per cent of the sto ck of the Deer Cr eek Ditch. ' This
ditch was used f or the irrigation of lands along Deer Creek at such
times as flow occurred. Since 1918 th e proportion of the flow obtained
by the district has been used to recharge the areas from which ground
water is pumped by th e district or to some extent fo r di rect diversion
into the canal system. Since 1918 all of the flow of Deer Creek has
been diverted, as th er e have been no large flows in th ese years.

The Terra Bella district has th ree methods of securing water besides
direct diversion at the main pumping stations . What are known as the
Va lley Wells , located in sections 31 and 32 of '1'. 22 S., R. 27 E ., are the
main source of supply . 'I'hese wells f urn ished 4429 acre-feet in 1921 01'
about three-fourths of the total secured. '1'here is also a filtration gal­
lery in the stream bed in sect ion 20, T. 22 S., R. 28 E ., from which
84.4 acre-feet were obtained in 1921.

The UpperWells in section 22, T. 22 S., R. 28 E., pump from an ar ea
adjacent to Deer Creek above the edge of the valley. 'I'hese were put
into operation in 1921 and supplied 308 acre-feet . An additiona l 360
acr e-feet wer e secured by direct diversion from Deer Creek.

On Map 3 th e amount of lower ing of the ground water in 1921 is
shown . 'I'his was th e greatest, abou t six f eet , in th e vicinity of the
valley wells of the Terra Bella district . The lowering at these wells in
1918 was fift een feet and in 1919 and 1920 five fe et in each year. A
lowering of four feet occurred near P ixley in an area of heavy pumping.
'1'h er e was no lowering at the wester n end of the Deer Creek area where
the draft is r elativelv smal l. W it hin the Terra Bella district there was
a rise in mu ch of the ar ea. The re is very little pumping from wells
wit hin the boundaries of th e district .

Since ] 916, th e records of six wells in townships 22 and 23 south,
range 26 east , show an avera ge drop of fourteen feet, th e loweri ng being
greatest nearest th e valley wells of th e Terra Bella district . Other
r ecords show a lowering of twenty to twenty-five feet in the past ten to
fift een years in th e areas around Earlimart and Pixley.
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In F ig. 18 hydrographs of typical wells in the Deer Creek area are
shown. These six wells are arranged in their order from the upper
part of Deer: Cre ek to th e lower. ' W ell 2-8-15 is adjacent to Deer Cr eek
above th e works of the 'l'erra Bella Irrigation District in an area of
heavy local pumping. ' Th e summer drawdown is large but the location
res ults in a rapid recharge from the flow of Deer Creek.

Well 2-7-134 is adjacent to Deer Creek in the area where th e ground
water is affected by the water in Deer Cr eek Ditch. A large, rechar ge
followed by a heavy drawdown during the pumping season is .shown.
This well is a mile upstream from the valley wells of the 'I'erra Bella
district . 'l'he lowering from 1920 to 1921 was over one foot . ,.,

Well 2-6-74 is about 1~ mil es downstream from the vall ey wells of
the district . The water r eaching the lower end of Deer Cr eek Ditch
was not sufficient to cause any r ise in th is .well ; the conditions of draft
r esulted in a lowering of five feet f rom 1920 to 1921.

Well 3-6-12 is below all surface flow from Deer Cr eek in 1921 in an
area of local pumping. There was a cont inual lowering with .a total
drop from 1920 to 1921 of four f eet . W ell 3-5-9 is near Deer Creek
and betw een the areas of local pumping around Pixley and -Earlimart.
A continual lowerin g is shown amounting to 2.5 feet for the year. Well
3-4-4 is at the outer edge of the area considered to be dep endent on
Deer Cr eek sources 'for its water supply. Th er e is less local pumping
near this well and some winter r ecovery is shown. Thi s is in an area
of artesian pressu re and the r ecovery is considered to be an increase of
pressure rather than of volume.

Well 3-8-2 is within the Terra Bella Irrigation District in an area of
limit ed irrigation by the district and without irrigation pumping from
local wells . Very little fluctuation is shown. W ell 3-7-19 is three
mil es west of the Terra Bella district and midway between Deer and
White creeks. Although th ere is little local pumping in its vicinity
ther e was a drop of over one foot from 1920 to 1921. Well 3-6-18 is in
an area wit hout local pumping. 'l'here was a cont inual drop amonnt ing
to nearly two f eet for the year. W ell 3-5-8 is to the west of the area of
pumping around E arlimart and remote from an y direct source of
supply. A general drop is' also shown.

No detailed study of st orage sites on Deer Creek has heen made,
although there are avai lable sites whi ch might be used to regulate the
stream flow. The data presented in regard to stream flow and its use
indicat es that the 'frill run-off of this area is used directly or r eaches
the ground water and that stor age would be a change in method of
use rather than an in crease in water supply. If st or age can be con­
strncted at a sufficiently low cost and th e compl ica tions of adjustments
with the rights of tho se usin g ground water naturally r eplenished f rom
Deer Cr eek worked out, storage might be a less expensive method of
utilization than that .involving pumping as now practiced.

Th e data presented is considered to fully warrant the conclusion that
the area dependent on Deer Cr eek for such water supply as it may be
able to obtain has been developed to a greater extent than the water
supply can maintain and that a cont inual lowering of the ground water
in thos e areas further from the upper portion of the area adjacent to
the creek is to be exp ected. W ith pr~sent rates of draft, such lowering
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will in time result in such an increase in the cost of pumping that
irrigation will no longer be profitah!e. Every effort xhould be made to
discourage further in crease in th e ar ea irrigated in this ar ea as any
increase in the rate of draft can only re sult in in creasing th e rate of

.lower ing and lesseni ng the tim e until pump ing in some parts of the
area becomes un profitable.

WHITE CREEK AREA.

This area received the run-off of White Creek. It covers t he area
betw een the Deer Creek area and the south lin e of Tular e County. Th e
west ern bonndary has been taken at abou t th e line of th e Sa nta Fe
Railroad. The area f ur ther west is considered to secure its ground
water supply from sources to the south as well as from th e east. Th e
north and south boundari es are not definite. Those used represent the
apparent general limits of th e area over which recharge of ground water
from Wihite Creek may occur. It is not thought that th e run-off of
White Creek is sufficient to ma intain the ground water over th e area
given.

-The total mean annual run-off of White Creek ha s been previously
est imated as . 6300 acre-feet. This occurs ir regularl y and varies in
different years from an almost negli gible amount to sever al times th e
average. Th e larger p ar t of th e run-off appears to be absorbed in the

, channel which has been cut through the older sediments and may be
one of th e sources of the artesian sup plies of the lower vall ey areas.
The extent to which th e surf ace run-off in r ecent veal'S has reached in
the stream channel has been discussed in Chapter n .

Table 41 gives th e principal data secur ed on ground water fluctua­
tions and use fo r this area. This data indicates that the present draft
is res ulting in a total use of th e ground water about four times as
large as the estimated average annual inflow, although only 11 per cent
of the gross ar ea is now using pumped water. 'I'he winter inflow into
this area caused an average ri se of 0.2 feet.

I n the upper portion of th is area, with less than three per cent of
the gross area irrigated, th ere was an aver age lowering in 1921 of O.S
feet. In th e cent ral area wher e recent developments hav e resulted in
a large in cr ease in the r at e of use, t he irrigati on of about one-third of
the gross are a r esulted in an average lowering in 1921 of over three
feet and of over five feet in the area of heavi est use. In the lower por­
tion the area irrigated was less than 10 per cent of the gross area and
t he average draft only 0.12' acre-feet p er acre of gross area, yet an
average lowering of 0.7 feet occurred.

Th e Allensworth Colony is located at th e west ern edge of this area .
The wells used flow durin g t he win ter months but with smaller rates of
discharge than for merly. Two wells measured when flowing in
F ebruary, 1921, gave discharges of 29 and 107 gallons per minute.
'I'he sam e wells when bein g pumped in April gave discharges of 375
gallons per minute.
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TABLE 41.
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Summary of Areas Irrigated, Pumping Draft and Fluctuations of Ground Water in White Creek Area In 1921.

West one-half Remainder Average
Area east of range 26 E. of western draft in
of center and east two- Whit e Total acre-feet pcr

line of th irds of Creek acre for
range 26 E. range 25 E. area each crop

Crop-aer es-e-Alfalfa __________________________________ 3 1,103 242 1,348 3 .7
Orehard _________________________________ 1.296 599

- ~-- --- - - ---
1,895 2 .1

Vines___________________________________ 201 4,010 13 4,224 2.5
Coro____________________________________ -- - --- - -- --- 1,083 106 1,189 2.5
Miscellaneous___________________________ _ 3 987 1,929 2,919 1. 5

Totals __________ ___________ _________ 1,503 7,782 2,290 11,575 2.3

Gross area, acrcs_________________ __________ 57,000 23,000 24,000 104,000
Total draft . acre-feet , ____ _______________ 3,576 19,166 2,938 27,045
Draft in acre-feet peracre irrigated________=== 2.40 2 .5 1. 30 2.30
Draft in acre-feet per acre of gross area_______ 0 .06 0 .8 0 .12 0. 27
Lowering of ground water November I, 1920,

to November I, 1921. __ ___________________ 0. 80 3 .2 0 .70 1. 30
Rise in ground wat er November I, 1920, to Feb.

February 1,1921. ________________________ 0 .15 0 .5 0 .08 0 .20

In Fig. 18 hydrographs of typical wells in the White Creek area are
shown . 'Well 4-7-19 is near the upper portion of th e creek and shows
th e ri se du e to flow in the cree k following a heavy r ain in May. There
is no. irrigation pumping near this well. W ell 4-6-22 is near 'White
Cree k below an y flow in t he creek in 1921 and just abov e th e pumping
area extending from Delano t o Earlimart . A cont inual lowering
amounting to 2.5 feet for the year is shown. W ell 4-6-14 is northeast
of Delano in an area of mu ch recen t pumping development and distant
from any large direct source of r epl eni shment. A continual drop is
shown amounting to 2.5 fee t for th e year . W ell 4-5-19 is northwest of
De lano at the west ern edge of present pumping development. A drop
of two feet for the year, wit h a. slight r ecovery in the fa ll of 1921, is
shown,

Data on t welve wells in the area of pumping betw een Delano and
Earlimart, for periods va rying from six to fifteen years, gives an
av erage lowering of sixtee n feet . These records indicate that th e
lowering of the water t abl e began before 1916. Further west th e
lowering has been less as th e amount of pumping is less and the condi­
tions of mingled sources of ground wat er are approached.

The conditions exist ing in this area should make it obvious that only
limited pumping drafts can be made without serious lowering of th e
ground ~vater. · The distance from any dependable source of recha rge
and the sensitiveness of the ground water to draft as shown by the
1921 r ecords, make it evident that pumping in this area is drawing
mainly on r eserve of ground water whi ch has been accumuiated over
an indefinitely long peri od. When once depl eted by pumping a simi­
larly long peri od will be r equired for th e r efilling of th e gr ound water
storage. A cont inuat ion of the present rat e of draft can only be
expected to r esult in the lowering of the ground water t o depths from
which pumping will no longer be profitable. E very effor t should be
us ed to discourage additi onal developm ent in this area as it can only
lessen the period of time before this condit ion occurs.

11-21044
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AR EA IN SOUTHWESTERN TULARE COUNTY WHOSE IGROUND WAT ER
IS CONSIDERED TO COME FROM MINGLED SOURCES. ' 1

Th e field work of t hese investi gations was extended to cover all
of sou thwestern Tulare County. This in cludes some area which
might r eceive ground water from Tul e River and Deer and White
creeks but which is a.lso considered to be within the area which may
receive gro und wat er f rom the general valley sources . 'l'he change in
the direction of t he groun d water contours on Map 2 indicates that the
source of the ground water is f rom Kern County areas rather than from
Tulare County sources for at least a par t of this area.

Th e larger developmen t in this area is that of th e Alpau gh Irriga­
t ion District . Th e wate r supply is secured ent irely f rom wells, part of
whi ch are located within th e district and part are located in 1'. 25 S.,
R. 23 E ., in K ern County. Th e area irrigated in 1921 in cluded some
irrigation of grain outside of the district boundaries. Th e quan ti ty
pumped from the wells within the district r epresented about one-thir d
of the supply, the r emaining portion bein g secured fr om the K ern
County wells. Th e Kern County wells flow during the win ter and are
pumped during t he irrigati on season.

Th e data collected regar ding the use of water in this area is sum­
marized in Tabl e 42. Th e area listed as miscellaneous cons isted mai nly
of grain given one irrigation. 'l'he rate of draft both fo r th e area
irrigated and for th e gross area was relatively small. For the year an
average rise of 1.0 feet in the ground water occurred. Some ri se
occurred in all parts of the area except the southern pa rt of T . 24 S.,
R. 24 E. Th er e was also a relatively large recovery du ring the winter
months. As this area is one of artesian pressure the ground water
fluctuations represent changes of pressure r ath er than of volume of
groun d water.

TABLE 42.

Summary of Use of Water and Ground Water Fluetuations in Area in Southwestern Portio' of Tulare Cou, ty in 1921

Areas supp lied
by pum ps Areas

exclusive of irrigat ed by Total
Alpaugh Alpau gh area

Ir rigat ion Irrigati on
Distri ct District

Alfalfa, acres___. . __. ___________________________________. _______. _ 478 1,806 2,284Corn, acres___ ____________________________________________________ 253 275 528Miscellaneous, acres__ ____ ___ ____________________________ ______ ____ 4,646 3,352 7,998

Total acres ____ ______________________________________________, 5,377 5,433 10,810

Total acre-feet pumped . L. . __, _______. _______________. _____.' ______ 5,870 *3,600 9,470Gro,ssarea. acres __________________________________________________ -.------------ -------------- 64,500
Total draft in acre-feet per acre of gross area..__________. ____.. ___ _, -------- -'- , -------------- 0 .15
Average rise of ground water, Novembe r 1,1920, to February 1, 1921. _,

--- ~---~- -- --- -------------- 2 .2
Average rise of ground water, November 1, 1920, to November 1, 1921..

. ~_ ._--- - ----- -------------- 1.0

'Estimated draf t on wells within district only.

'W ell 3-3-3, in F ig. 18, r epresents th e hyd rograph of a well in the
artesian area and shows the typical ri se during the winter and lowering
during the summer. A gain of two feet in 1921 over 1920 is shown.
Th ese fluctuations are consider ed to be mainly var iat ions of pressure
rather than of volume.
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The sources of ground water for this area are too complex it o enable
th e ext ent of the isupply to be discussed definitely. Th e present condi­
tions of draft did not result in a lowering of pressure during 1921. A
r edu cti on of flow of artesian wells has occurred in th e past. The
present rates of draft within th e area would be expecte d to result in
only limited reductions of pressure. It is, however, to be presumed that
any cont inued overdraft by pumping in the areas in which th e ground
water supply of this area may originate will eventually r esult in a
reduction of the supply reaching this area with a consequent r eduction
in the ground water levels.

. NORTH ERN KERN COUNT~

General ground water investi gations in Kern County were made in
1920 and are discussed in .Bullet in 9 of this Department. 'I'he areas in
township 25 south, were only partially covered in these inv estigations.
In order to connect the areas 'of I the two , investigations observations
were ext ended into Kern County. I "

The only direct local source of water supply for th e northern edge
of Kern County is Rag Gulch. This has a very limited and variable
run-off, which has been est ima ted as an average of 3500 acre -fee t per
year. In 1918 an unusually heavy storm on the South Fork of Rag
Gulch is r eported to have resulted in flow as far as the Southern Pacific
tracks near Richgrove. During normal season the surface flow does
not reach very far into the valley. Th e canvass of th e area irrigated in
the north half of T. 25 S., R. 25 and 26 E .., in 1920, gave a total draft
of 9100 acre-feet. Th ere has been a relatively large in crease in the
pumping draft in the vicinity of Delano in recent years. W ell records
show a lowering of th e ground water of from two to five feet in 1921
in th e vicinity of Jasmin and Delano and about one foot in the vicinity
of P ond . As this ar ea lies t oo far north to be affected bv Po so Creek
or by Kern River , it s ground water supply is r elatively limited in
amount and a continuance of th e present rate of developm ent can only
be expected to result in a permanent ground water lowering.

o
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