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CONTRIBUTIONS TO THE HYDROLOGY OF THE UNITED STATES 

UTILIZATION OF GROUND WATER IN THE SANTA MARIA 
VALLEY AREA, CALIFORNIA 

By G. A. JYfuLER and R. E. EVENSON 

. ;:: ", 

.'~ ,<. '. A.'BSTRA.CT 

'?i:''', , 
j ,.' Overdraft in tlfe Santa JYlaria Valley ground-water basin since about 1946 has 
J "': ~est1lted in a signifi~ant decline, in water levels througpout the basin as ,ground, 
:;~ ,. ,,;ater has been removed from storage. In.1959 approximately 2,200,000 acre-feet 
':~\' :' 'of ground water' was in storage above sea level ill'the ground-water reservoir. 
t4:':' ". :c· Estimates ,of storage depletion are not consistent with estimates of ground­
.,~:' ::- ';t.~ter recharge and disc):J.arge. The natural peren:hlal yield of the basin probably 
:~ .:;::\~ about 50,000 acre-feet; on the basis of estimated recharge and natural discharg~. 
:;~~ ;;)"'::~he augmented perflnnial yield proba,b~y is about 70,000 acre-feet and includ~s 
;~.I:,).,~~1,20.0 acre-fee~of water per year released a~ Twitc~ell Dam. Storage q.epletion; 
.. ;& '.' '::;: not estimated III the seaward ends of the aquifers, WIll result as the fresh water-

'.; ·.s·ea· water interface moves landward in response to the continuing decrease in 
j:;/~Yd~aulic gradient in the aquifer system. 
::"»: Evidence of sea-w.ater intrusion into the basin has not been observed, but 

+il::;:::=:iii:nited sea-water en~roachment may have occmred at the offsho.re ends of th~ 
:::·::·aquif~~s. Additional observation wells will be ~ecessary to provide supplemental 

:,," ... ·:ciata to insure that hydraulic heads and gradients in the deeper aquifers are prop­
"i:.,erly.· monitored. 

:r: .~:::.;" . INTRODUCTION' 

. ;~:~:'~iihi~ is the secolld interpretive report on groun.d~water investiga­
!;:/~~tlons: of the Santa Maria Valley area by the U.S. Geological Survey in 
>:··;cooperi:!-tion w:ith Santa BarbaraCoullty. The first investigation was 
Ub'egl~'in 1941 and resuited in a comprehensive report by Worts (1951, 
(:';>J,J':1--48 and 72--169) in. which the .gTol.md-watei basin was described 
i'\:::aIi:dthe perennial yield of the basin was estimated.' Surface-water 

·,:~t>#\iSources of the Santa MariaYalley area were described by Thomasson 
.. ~·:>~in Wor'ts, 1951, p. 4, 48-72). In 1959 constructioll of Twitchell Dam 

"'\Jii ""'" ."'. . . '.. • 
;;i\~ ';:J~.d reservOlI was completed by the :u.S. Bureau of ReclamatIOn Oll the 

.. S~~W§~Yama Riverjus~ upstrea~from ;Fugler Point .. Floodw.ater i~ de­
::!~~ ·.i:::)~llledby the.dam.and later ~s released £or..replerushment of ground-

.,;~,;~ >;:.;~'lYater reservoU'sdoWJastream., thereby allevlatmg overdraft. 
';"';1l >~:/..::.since about i946, Withdrawal of groUlld water from storage has 
"J~ >:;~ical1sed a 'sig!lificantdecline in waterlevels throughout the basill. The 

'1~:' M 
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water users are concerneel because grounel water in the basill is the'f 
principal source of water supply for the area. Tlmsfar the eleclille~:; 
in water level has causeel only an increaseel pumping lift. Eventually,;,·· 
if the water level decline continues lillabateel, the water level will be;;. 
below sea level <Lnd the hydraulic gradient will be reverseel. Tbis will ~~I 
result in seac water movement inlanel which will contaminate thefresh-:~ 

.' . . "~:;R' 
water reserVOIr. ;;j . 

Water probably .will be :iJ.nported into the basin from northern Oali- 'Nil' 
fornia to supplement the available ground-water supply. However, ;.~'. 
the quantity of supplemental water that is requireel to stop the elecmlBt: 
in water level elepenels on the mag1.1,ituele of the. overelraft in the'~~ 
gr01mel-water basill. ' };~I-

" 

1'UR1'OSE AND SC01'E :;0. ' 
'~ 

The purpose of this report is to evaluate the magnitude of the over- :~'I 
elraft in the Santa Maria Valley ground-water basin ~nel to elespribe ~I 
the effects of overdraft, particularly in reference t~ ground-water st~r-'i~~.·~. 
age and sea-water enGroachment. Also, the estnnates of perenl1la1.gi 
yie.ld publish.eel in~iVate~-Supply Paper .1000 have been reap~raised.::.::.~I'.· 
by an analYSIS of geologiC and hyelrologIc elata collecteel durmg th~.~~, 
period 1950-5~. and elurIng the complete period of record 1918-59';f~; 

In particular, the. sc.op. e of the report is to (1) slUnmarize the geOlo.gy;'[.·.:.:.':.I'.' •. 
anel hydrology, as relateel to the occurrence of grolUlel water, (2) glVe:fj . 
calculations of the vohune of water in storage above sea level, (3 )brinili ' 
up to elate the estiniates of recharge anel elischarge, (4) reevaluat~'jt 
estiinates of perennial yielel, and (5) elescribe the sea-water-encroacih~iWl~ 

• --""41 ., 

nient potential. . . i~: 
";.~:Il: :. 

". .:!,\'i:: > 

LOCATION AND GENERAL FEATURES OF' THE AREA '}~ ". . . . 1~ 

>-0 
~. 
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"'l 
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FIGURE l.--:-Location of Sant,a Maria Valley area. 

of water is used for irrigation; .artichokes, broccoli, lettuce, sugar­
beets, a:nd alfalfa are among the ·i~d.gateel cropf) that are grOWll. ont;pe 
alluvia~ pl!.\.ins. Only recently, some aHalfa has been gtoW:n ci'li: the 

'uplanel area between Orcutt and Braclley' Oanjon. Inelustrialwa'ter 
The Salfta Maria Valley. (fig. 1) is a large coastal valley in north-l: 

western Santa Barbara .and southwestern San Luis Obispo CouJlties~'l' 
Calif., at the northwest end of the Sa.n Rafael Mountains. The valley';1)';' 
area includes the alluvial plains ?f the Sisquoc and Santa ~aria Riv~~~~~ 

supplies are useel by a sugarbeet refinery, several oil fields anel 'i'efhl~ 
. eries, and vegetable-processing plants. . 

e.rs) anC.1 uplanel area knOWll.. as. NIPo.mo ~iesa, and an extenSIve .uPland .• :, ..... : ... ; .... ~.· .• ·I:.:.· area between Foxen Canvon anel the PaCIfic Ocean.t¥· 
. ".. . . '.:'."', 

, The Santa Maria River is forrp.eel at the confiuence .of the Cuyama;'M '. 
anel Sisquoc Rivers, and itS carries most· of the valley's drainage to::B" 
the Pacific Ocean. Twitchell Dam anel reservoir control the Cuyam8i~1~ 
Riv~r by detaining the fioodfiow. so that, later it can be released to re-;'~I 
plemsh the grounel-water reservOlr.u~ 

Most of the water useel 41 the Santa Maria Valley for agricultural,}' 
mlUucipal, inelustrial, and domestic purposes is obtaineel from wells;j~ 
that tap the ground-water reservoir. By far the greatest quantitY~i, 

1'REVIOUS. WORK AND ACKNOWLEDG;MENTS .; , 

Worts (1951) prepared the first comprehensive report on the'w'::1tet' 
supply of the area, and Ius work was referreel to· frequ~ntly in the 
preparation of thineport .. Woodring and Bramlette (1950) mapped: 
the geology of the southern part of the basm anel provided valuable 
information on the subsurface geology. Topogr'aphic maps made by 
the Geological Survey and by the Army Map Service were usecl as base 
maps for this report. Long-term records of stream£l.ow and estrrnates 
of runoff from the ungaged area were provieleel by the U.S. Geological 
Survey, Surface Water Branch. Mr. Tieh-liang Hsu of the Taiwan 
Geological Survey.compileel much useful data on grounel-water storage 
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:in the Santa Uaria Vall~y. The present report was prepared by the"~ 
Geological Survey, :in cooperation with the Santa Barbara 'OOunty of 
Water Agency, under the supervision of J;I. D. Wilson, Jr., and Fred·~ 
Kunkel; successive district supervisors for GroUnd \liT ater Branch l' . 

• ., l_WatBr-oBaring'units in the Saitta Maria. Valley grQuna~'Water basin T.Al3.... . ' 

illvestigations in Oalifornia. '.~ 
The Pacific Gas and Electric· 00. made available data on pump>! 

efficiency tests andagricultul'al-power consumption in the v~lley~ :,jl: 
Records of municipal water use were obtained from the city of Santa; , 
Uaria, 'and records of water-level measurement 'were obtained from'::il" 
the Santa jyIaria \Talley Water Oonservation District. lIfr. Vern:OlY~: 
Rutherford and::M::. YorkPeter~n.provided usef111 data on the geol-;i~ ::, 
ogy and hydrology m the. Santa Mana area·'i ;', 

.'::'~ :", 

GROU~D W .A.r:rEE'~i~1:' . 
·'~tl' Ground water in the Santa Uaria Valley is relatively fresh and i~;{' , 

contained in a continuous aquifer system that extends from the upper:' 
en,d of the Sisquoc plain westward for an undeterm:ined distance 'off-; 
shore beneath the Pacific Ocean. The aquifer systeI)J. is composed 0 

uncQllSolidated water-bearing units which include. dUIle . sand, river' 
chaniiel deposits, and alluvium of Recent age and undifferentiate 
deposits .9.f Pliocene and Pleistocene age. A brief summary of th ' 
water-bearing units (L;p.d their hydrologic properties is given in tabl 
1, and the areal distribution of these units is .shown 011 plate 1. De~f 
tailed information relative to the ground-water geology is given in th~ 
.comprehensive report by ,Vorts (1951, p. 23--44). ' 

AQUIFER SYSTID':[l 
. . . ~ .~'j .:"" 

,. ,Th13agui:£er system i~ more than: .2,300 feet in saturated· thiclmes(~ L, 
and avr-rages about 1,000 feet. 'It IS composed of permeable beds 0t~ ;, 
gravel and sand that locaUy are separated by relatively impermeabl~i~ ~., .. ,. '·ilI ,. , 
beds of'silt and clay. Mos~ of the ground water in th.e aquj,fer systerri:~~ " 

-:-r 
GeologiC 

a.ge - -
, 

", Recent 

~ 
S 
" & 

Pleistocene 

~ Pliocene 
:G 
\;l 

'8 

" .;;; 
:~ 

" .... 
.. 

Water-bearing unit Thickness, 
(ft) 

Dune S8Jld (}"200± 

River·channel 
deposits (}"25± 

". 

Alluvium (}"2QO± 

U nconaolldated 
depOSits, 

und.i:fl:erentiated (}"2,300 

Consolidated rocks, 
undlfierentiated 0:.10,OOO± 

Lithologic character HydrologiC properties 

Medium to coarse well- Highly porous 8Jld . 
sorted windblow:n . permeable; saturated 
saJ:ld; in part stabi- Only.I1BBI the base. 
ilied 8Jld in part No wells BIe known 
actively drifting'. to produce from this 

unit. 

BoulderSIt gravel, sand, Generally above zone of 
silt, 8Jl clay in the 'water-table fluctua-
channels of the tioruJ, but large qU8Jl-
Cuyama, Sisquoc, tities of water infiJ-
8Jld Santa Maria trate to rechBIge 
Rivers. Progres- aquifers in the under-
sively finer gramed lving alluvium. 
dow:nstream in ' Worts (1951, ~. 40) 
Santa Maria River. listed permea llities 

of from 154 to 1,060 
gpd per sq ft. 

Gravel, s8Jld, silt and Mam water-bearing 
clay. Progressively zone in valley; con-
finer gramed from fined in part. Most 
east to west. Layer irrigation wells obtain 
of silt and clay in water from the a11u" 
upper 100 ft of allu- vitDJJ.. Permeability 
,vium acts as, con- decreases from 4,000 
fiiLing zone 8Jld ex- gpd per sq ft at the 
tends westward from east end of the valley 
midpoint between ~~ ~~~~~f J?,"J. sq ft S8Jlta Maria 8Jld 
Guadalupe. (Worts, 195+, p. a&-39.) 

Marine and continen· May comprise 3 or more 
tal beds of gravel, separate confined 
sand, silt, and clay. aquifers in western _ 
Include terrace de- part of area but all 
pOSitsR Orcutt Sand, may be hydraulically 
Paso obles For- connected in the cen· 
mation, 8Jld Careaga tral or the eastern Sand. . .. part of area. Locally, 

permeability may be 
as much as 200 gpd per 
sq it in the central 
part of area. Large 
qU8Jltities of water 
are stored in these 
formatioruJ. 

Generally impervious Not water bearing for 
s8Jld stone, shale, the most part. Lo-
mudston~ 8Jld pyro· cally, fractures supply 
clastic ro • of Pli- minor qU8Jltities of 
ocene and older age;' water to wells 8Jld 
also igneous and springs . 
metaniorphic rocks 
of Jurassic 8Jld 
Cretaceous age . is in th~ undi:fferenti~ted depo~it~ of Pliocene and Pieistocene 8;~e, buf~ r 

the :J:qaJIl water-bearmg zone IS ill the lower part of the alluvlUm of.;/l :, 
Recent age (pl. 1)." " .:~ ;;- Nipomo Oreek and north of the Santa Maria and Siflquoc Rivers, the 
. Oonsolidated rocks form th~ bottom. of the aquifer system,' and tb.~:~:: limit 0:£ the aquifer system is m.arked by the contact with the consoli­
base o~ the fr.eshwat~r, shown on plate 1, ge;n.erally : coincides' \yith the~~ ,;. 'dated rocks. 
eont;act, between the consolidated'rocks and the base of the undifferen~~,' ,.,The freedom of ground-wa.ter movement within the aquifer 'system 
tiated deposits of Pliocene and Pleistocene age. Th.e 'Southem, limit;~ '·4ecreases from east to west 'across the valley and also probably de­
oi the aquifer system approximates the topographip divide between~~:. creases with depth. Aquifers in the de:posits of Pliocene and Pleisto­
Santa Maria an.d Los .AlamosVa~eys east of. U.S. Highway 101 and,:l. ': ceneage are mostly co?fined, as is the main water-bearing zc;me, in the 
the ol!.tqrop of consolidated rocks west o:f U.S. Highway 101. The] '.' western part of the alluvial plain. Minor bodies of perched ground 
northern limit of the aquifer system is a topographic and poorly c1e:'}~; , water lie above the con.:fining beds in areas beneath the western part 
fin,ed ground-water diviliein the vicinity of Nipome Mesa. East ofj: ·of the pla:in, ben~ath the Nipomo' Mesa, and locally beneath the Orcutt 
'. ":j ',. 709'B-:266-6il_2 

~~ . 
..... : . 
!~; 
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upland. A.. higher head in the deeper aquifers was indicated in a well ,:) 
near Orcutt, where, in 1961; a flow of several hundred gallons per min- / 
ute was measured passing from aquifers 1,190 feet below sea level into J,II 
the upper aquifer. Water-level data are not available for aquifers: 

. below about 1,900 feet; however, electric logs of oil wells and of deep t~ 
water wells indica,te several continuous impermeable layers that prob~':t 
ably would restrict hydraulic continuity TIl deeper parts of the basin,~ 

The dissolved-so~ds content. of water from various aquifer,S, a,s cal~I~1 
culated from electnc logs of oil wells and deep water wells, rndlcates}: .. ) 

that water of uniformly good quality is present from the top to the';' 
bottom of the saturated zone. . ,§ 

~::;"". 

GROUND-WATER USE, SAt.'l'TA IvlARU VALLEY, CALIF. A7 

Material 

Grayel (generally includes some sandJ ______________ _ 
Gravel and sand___________________ . 

'Sand-----------------------------=============== Sand and clay _____ _ 

Glay----

Assiuned specific yield (percent) 

Undifferentiated 
deposits of 

AUuvium 

30 
25 
20 
10 
5 

Pliocene and 
Pleistocene ar)8 

25 
20 
20 
10 

3 

STORAGE CAPACITY 

The volume ,of water in each 20-foot depth increment is computecl by 
multiplying the average specific yield by the corresponding saturated 

. volume of the increment. The sUIDmation .of increment totals is the 
:~ , .. ' . volume of water in storage above sea level in the particular storage 
1. unit. Table 2 shows the estimated ground Wf'uter in storage above 

Grolmd-water storage capacity was estimated according to me] :: .. sea level within each storage unit Lor the years 1918, 1950, and 1959. 
method first described by Edris and Gross (1934, p. 112) and later re\l... Storage estimates for the Guadalupe storage unit are based .on the 
vised by Thomasson, Olmsted; and LeRoux (1960, p. 279-282). Al~;l: depth IDcrement between the top .of the saturated zone and 10 feet 
though estimates of net change in grolmd water in storage for specific:! •.. ' aibove sea level. The limit 'Of 10 feet above Sea level was arbitrarily 
periods were listed by "YVorts (1951, p. 121--:122), no estimate wa,smad~l;· chosen for this coastal storage .unit as providing an adequate natural' 
of the quantity of water in storage above sea level. The total volmne;i·. barrier against sea-warter intruBion. . . 

TABLE 2.-Estimated ground water in storage above sea level 

. . 

of saturated deposits is probably about 100 million acre-feet (Worts;I~ . 
1951, p .. 73). However, in a coastal valley the quantity of water1 .. 
a.vailable tor utilization is limited by the threat of sea-water intrUSiO~i'I~' '. 

if wate. r l.evels are 1. ow. ered top~oduce a landward hydraulic gradient ..... :.r.I.,.· ... ·. 
An effectIVe grolmd-water barner near the coast will be necessary to.~ .•.. 
retard sea-water encroachment if the water level in the coastal par~~ -\' 
of the basin is to be lowered below sea level. .~;~ ;>. 

.For the computation of the storage capacity of the grolmd-water~ 

Storage units 
(ng.3) 

Guadalupe 1 _______ 

Surface 
Average saturated 

thickness of full 
area reservoir (in feet 

(acres) below 1918 
water level) 

25,000 70 

Average Number Estimated ground water iu 
specific of storage (acre-tt) 
yield well 
(per- logs 
cent) 1918 1950 1959 

'13 161 

basiil, the area lmderlain by water--bearing deposits was divided int9:~ 
eight storage units (pl. 1). For each of the storage units, the sat~i .. 
urated material described in the well logs was assigned a value fOt.~ ~" 
specific yield according to the broad classification shown in the follow':1 ' 
ing table.. The upper limit of saturation was determin.ed froID. water;~l_ ' 
level-contour maps for 1918, 1950, an"dI959. These years were selectedJ! 
because the hydrologic equations in the following sections of the repor.t,~;I·.· 
are developed for the periods 1918-59 and 1950:-59. Water-lev.el dat~'~ " .. 
for 1918 are 'adequate for the valley fioor but for the most part arein~:;~ , 
terpo:ated for the ~lpland. areas;' 'however, dat.a for 1950 and 1959 are ... ,.~~ .•. 
suffiCIent for making estlIDates o,f storage changes throughout the:1 . 
groundcwater basin. Plate 1 shows the water-level contours for thi'~ . 
spring of 1959. '. Oit 

Within each storage unit,anaverage specific yield was computed for~ 
each 20-fo.ot depth increment between the top of the saturated zone~ 
and sea level (10 ft. 'above sea level in the Guadalupe storage unit) .. ~ 

,:, 
o ' •• ~ 

·:::f 

235,000 171,000 145,000 Nipomo __ c ________ 10,500 160 , 15 10 250, 000 150, 000 140, 000 Betteravia _________ 6,100 120 , 12 26 82,000 65,000 47,000 Santa Matis _______ 17,400 160 '20'15 161 540,000 292, 000 265,000 Fugler Point ______ 5,500 260 '20'13 51 230,000 'iD3,000 110,000 Orcutt ________ " ____ 16,200 180 , 15 93 460,000 277,000 290,000 Bradley Cauyou ___ 22,000 340 '14 n 1,020,000 992,000 900. 000 . Sisquoc_, __________ 4,280 380 '21 "14 37 255,000 252,000 250,000 
Totals 

Crounded)_ 107,000 - -------------------- .. _-------- ---------- 3,070, 000 2,360,000 2,210,000 

. 'D .• crease in stor~ge (acre-ft) 191&-59 195Ch59 ----Net __________________________ 
860,000 150,000 .A..verage annuaL ________ ."': ____ 21,000 17,000 

'.1 Guadalupe storage unit estimates are from 10 ft above sea level to.the top of the saturated zoue; others 
are from about sealevel to top of saturated zone. 

'Alluvium. " 
'.Deposlts of Pliocene aud Pleistocene age. 

HYDROLOGIC EQUATION, 1918-59,' 1950-59 

A chief purpose 'of this gr.ound -water stli.dy is .to evaluate the magni­
tude of the overdraft and to describe its effects with particular 

. reference to ground water in storage and sea-water ellCrOachment. 
. Overdraft occurs in a ground-water basin when the quantity of water 
withdrawn exceeds the perennial yield. The framework to evaluate Copy of document found at  www.NoNewWipTax.com
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the. magnitude of overdraft is based on the hydrologic equation. In . 
this equation the elenients of ground-water discharge are subtra.cted ::: .. 
from the clements of ground-water recharge and the difference is ~'. 
balanced against the ohserved change ii:t ground water in storage for ,. 
the periods 1918-59 and 1950-59, respectively. . .: 

Estimates of ground-water recharge,discharge, and chan.gein stor- ,,10 

age are made by the same methods as used by W.orts (1951, p. 80-123) .:: 
Estimates of ground wate.r in stor.age are revised for·1950 and 1959) 
to include neW water~level data for areas that had little or no data{ 
available during earlier studies. The m!timates of ground water ~:.;;, 
storage for 19i8, 1950, and 1959 are based on water levels in t~:e sprin~'%l 
of the year at the water-level peak, usually March or April. Estl-'{, 
mates for the elements of discharge ar,e based on the calenda~ year.il 
(Jan. I-Dec. 31) for the periods 1918-58 and 1950-58, and estlIDates.-:! 

ungaged streams, minus ~e measured .outflow to the ocean. Estimates 
of ftowfrom ungaged mmor streams for 1946-59 a.re compllted as 11h, 
times the fiow in Tepusquet Creek:. Gaging-station records of the 
:flow of streams tributary to 'thevalley area include those f.or the 
Ouyama, Huasna, an~ Sisquoc Rivers; .Alamo, LaBrea,and Tepusquet 

. Oreeks ; and, beginning in 1959, the Cuyama Riv.er below Twitchell 
Dall1. The gaging station on the Santa JYIaria·Riv.er:near Guadalupe 
records streamfi6w discharging to .. the ocean. 

Talble 3 shows that seepage loss from .streams ranged from slightly 
more than 4,000 acre-feet in the 1948 water year (Oct. 1, 194'7 -Sept. 30, 
1948) to a;bout 150,000 acre~feet in the 1941 water year. The total 
seepage loss for the 41-year periocl (water years 1919-59) was a:bout 
1,600,000 acre-feet, 'Or an a.nnual average loss ,0£ -about 39,000 acre-feet. 
The seepage loss for the 9-year period (water years 1951-59) was 
about 370,000 acr.e-feet, or annual average of a:bout 41,000 acre-feet. 

... for the elements of recharge are based on the water year (Oct. l-S.epiJlii 
30) for the periods 1919-59 an.d 1951-59. Discharge estimates are,): 
based on the calendar year because most of the ground-water discharg\!.;; 
occurs after irrigation begins in the spring. Recharge estimates ar(~I' 
baseelon the water-year beginning 9 months later (Oct. 1), which i~} .;: 
the start of the next sequence -of rainstorms. The chronologic re1a:j\ . 
tions ar.~~ in. genera~,hydrologically comparable for the purposes ~t!1 
the hydr.ologlcequatl.Oll. ,o~ . 

. ,;,} 

RECHARGE 'if ,. 

III the Santa 11£aria Valley ground-water basin, the elements ;i··· 
recharge in the hydrologic equation are seepage loss from streams ani~ :. 
infiltration:of rain. The return to ground water of :excess irrigatioA};' 
. water to ground water is included indirectly by calculating net pum~:~ ': 
age 'as 80. percent -of gross pumpag.e (Worts, 1951,p. 88). Un.<lerfl..o~i;: 
from streams is included m the"estimates of annual seepage loss. \~ " 

'::/J:' : ... ~f:~ . 

SEEl.'A(,TE LOSS FROM STltEAMS ::.~ 
. ,. . .:~~: : 

Recharge to the ground-water body occurs by downward and later.~. :" 
percolation. of water fr.om fiowing streams, principally the Sisquoq;; 
and the Santa Maria Rivers in the uppe:x;..l'eaches of the.Santa JY1arl~ ';: . 
plain. Measurements of strea.m:flow in. the Santa :Maria Vlj.lley ar~'; '.' . 
have been recorded since 1929 .. _ Estimates of annual seepage loss fog; ~ 
the period after 1943 are based on measured streamflow into and oui: .. 
of the·v.alleY, plus an. ~stimated small quantity of fi:ow ~ontributed bY" 
ungaged streams. For the period prior to 1929, estimates of seepag~I' 
loss are based on the projection of. a graphic correlation of rainfa~;: 
runoff, and se.epage loss fur the perIod of record 1929-59. . ... ~~: 

Seepage loss from the gag,ed streams is eqll.al to the sum of tot~l 
measur.ed fl..ows into th.e valley area, plus an estimate of .fiow from th.~ ··~:;Ii'. 

:'~i. 

. Water 
vear 

eilding 
(Sept. 30) 

1919 ___ 
1920 ___ 

192L __ 
1922 ___ 
1923 ___ 
1924-__ 
1925 ___ 

1926 ___ 
J.927 ___ 
1928 ___ 
192L_ 
1930 ___ 

193L_ 
1932 ___ 
1933 ___ 
19K __ 
1935 ___ 

.. 

1936 ___ 
1937_~_ 
1938 ___ 
1939 ___ 
19~L_ 

TABLE 3.-Estimatea, seepage loss trMJ~ 8'trBarns, 1919-59 

[.A.l.l values are rounded] 

See~::e 1 Inflow Outflow 
(acre-It) (acre-It) (acre-It) 

28, 000 3,000 25,000 
6,000 0 6, 000 

10,000 0 10,000 
114,000 40,000 74,000 
30,000 4, 000 26,000 

9, 000 0 9,000 
36,000 7,000 29,000 

12,000 0 12, 000 
30,000 4,000 26,Obo 
24, 000 1,000 23,000 
15,000 0 15, 000 
7,200 0 7,200 

4, 800 0 4,.800 
114,000 42,000 72, 000 
26,200 3,700 22, 500 
17,700 0' 17,700 
43,200 3,600' 39; 600 

55, 500 19, 300 36,200 
190,00Q 88,000 102,000 
262, QOO ~35, 000 127,000 
24,600. 0 24,600 
27,700 0 27,7QO 

Water 
VBar 

ending 
(&Pl. SO) 

~94L __ 
1942 __ _ 
1943 __ _ 
1944 __ _ 
1945 __ _ 

1946 __ _ 
1947 __ _ 
1948 __ _ 
1949 __ _ 
1950 __ _ 

195L __ 
1952 __ _ 
~953 __ _ 
1954 __ _ 
1955 __ _ 

1956 __ _ 
1957_..:_ 
1958 __ _ 

. 1959 __ _ 

Inflow 
(acre-It) 

333, 000 
52, 600 

..178,000 . 
83,000 
49,250 

29,500 
15,800 
4,000 
7, 000 

13, 100 

6,300 
210,800 
27,200 
29,900 
11, 100 

36,500 
6,200 

270,300 
14,'500 

. Seepage lo .. 

Outflow 
(acTe-It) 

183,000 
1,090 

71,900 
13,560 
4,990 

4,880 
2, 530 

0 
0 

2,460 

a 
104,700 

360 
1,270 

0 

4,200 
o 

133, 500 
o 

Seepage I 
10 •• 

(acre-It) 

150,000 
51,500 

106,000 
69,400 
44,300 

24, 600 
13,300 
4,000 
7, 000 

10, 600 

6, 300 
106, 000 
26,800 
28,600 
11,100 

32,300 
6,200 

137,000. 
14, 500 

1919-59. 1951-1i1J . 
TotaL _______ _ 1,600,000 370,000 
A=ual 

average ____ _ 39, .000 41, 000. 

i]:-,t.in;lated, 191!l-29; in small part estiniated, 1930.:59.' 
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Twitchell Dam, completed :in 1.959 near. the mouth of the Cuyama~; 
River has a reservoir capacity of 239,000 acre-feet. It was designed'; 
to co~serve most of the river :flow by storing water during periods of}} 
high :flow and, later, releasing the water at rates which would allow). 
percola.tion into the channel of the Santa Maria River. Schedules are.:~ 
planned to release a total maximum :flow of 300 cis (~ubic feet pel) 
second), which is considered the optimum rate for max:unum seep~ge;t . 
in the Santa Maria River channel. The U.S. Bureau of ReclamatlOrir: 

T.AJlrJi 4.-Pnlcipita-tion at Santa Maria and estimated infiltration of rain, 
1.919-59 

[Precipitation data from U.S. Weather Bureau. Infiltration values are rcmnded] 

Hiater year 
,.ndjng Sept. 80 

1919------
1920------

192L-----
1922 _____ _ 
1923 _____ _ 

19Z'L----
1925 _____ _ 

. (1958, p. 12) estimated that Twitchell Dam reservoir will yield a~~ 
additional 21,200 acre-feet of water annually for recharge to thet 
grolmd-water basin.'~ 

Most of the preciPitat:::I::::::a::r:::: occurs as rain. Infiltra~I·.·' 192L----

. tion of rain as rech~rge to the grolmd-water reser.v~ir oC:,TIrS th~O~g~t.; .. ~'.;. ~:~~~~~~~~ 
out most of the basm. Worts (1951, p. 80-81) dIVIded uile basm mtoJ" . 1929------
three areas having difIerent rain-infiltration characteristics on th~~ 
basis of surface soil, vegetation, and underlying formations. The first;~ 

1930 _____ _ 

area, which inch ides about 20,000 acres of irrigated land, conta~"'~I'.··'···· 193L ___ _ 

relati~ely permeable. soils underla~ by permeable ~c~nsolida~~~l... 1932--___ _ 
cleposlt::;. Much of this area has a high percentage of ram mfiltratlOll:: .. ' 1933 _____ _ 

because it lies fallow during the rainy season, and throughout. t~-;Ir 19~4 __ :- __ _ 

year the soil moisture content normally is high owing to irrigation~ ;' .. 19,)5_~ ___ _ 

The second area of rain infiltration includes about 60,000 acres ojj ~ .. ~. 1936 _____ _ 

gra::)sland ancl is similar in permeability to the first area. It has a lo~1; •. ' 1937 _____ _ 

percentage of rain infiltration because of dense vegetative cover. Th~ ... ; 1938 _____ _ 
.. . . ';-',,' ".1939 

third area, whic~ mcludes ~bout. 60:000 acres of. scrn,? oak, brush~ an~ :~'. '1940~~==== 
some grassland, IS underlam pnnsapally by thm soils and relatlvelY~f\ . 
impermeable consolidated rock and has a low percentage of ramZ ••..... 194i _____ _ 
in:6l "j,: . " 1942 

E~~:~':s of rain infiltration by Worts (1951, p. 80), which wei~ :"~' .~-:::-~~-:::-:..:--,---':::'::::' . ..':.::'..--~~~LJ.L _____ -,--_. _____ _ 

bas~cl ~n da~a from. V ~ntura Count! (Blaney, 1~33, p. ~2-91), assuin,'~£ :'·'du~st~ates ,of ram infiltration listed in t~ble 4 indicate a range from 0 
~o infiltratlOn o~ IrrIgated l~nd }f. annual rainf~ll IS less than ~Ji':'cha~: sev:,ral yea.rs to 80,~OO acre-feet m 1941. Average annual re-
mches, grassland If a1ill.ual ramfallls less than 15 mches,. and brus~~; ....... g by infiltratIOn. of ram for the 41-year period 1919~59 is about 
la~d if annual rainfall is less than 18 ~nch~s .. Worts (1951, ~. 8~n .~~~~o acre-feet, and for the 9-year perioc11951-59, nearly 11,000 acre-
estlIDatec1 that for the brushland ~nderl.alll prmClpally by co:o.solidate2i .': ,". The . 
rocks, about 10 percent of the ramfall m excess of 18 inches would b~. " ill' percen~ageof ram that reaches the ground-water body probably 
added to the ground-water body as recharge. . ,~;i1i" ,.~ t mcrease m the future because urbanization in the valley will con- . 

Table 4 lists the precipitation at Santa M~ria and. the estD;nate~ ; .•. ·{8~~te the runo~, ~ecrease evapotran.spiration; and cause grassland 
annual recharge to the grolmd-water body by infiltratlOn of ramfot~ !'.' .... oIl,verted to lrngated land. 
the water years 1919-59. Estimates for 1944-1959 are adjusted :£9: 
account for the change m irrigated acreage. Recent studies of ra~~;11 
infiltration in comparable land areas in the Santa Y nez River bas~E 
indicate that the estimated recharge may oe low for the irriga.ted lani . 
(Blanev and others, 1963, p. 9). :~r 
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DISCHARGE 

Discharge of ground water from the Santa Maria basin has occurred 
in four ways: 

1.' Underflow to the ocean. 

;:~ 
~'f' 

2. Evapotranspiration by vegetation. 
3. Overflow of the ground-water basin resultu1.g in streamflow to the ,. 

ocean. ~ .-. 

4. Withdm walsfrom wells. ·f], .. · 

Before the turn of the century, practically all discharge from thaJI 
basin was by natural means, ill about 1898, however, irrigation by1 
water from wells was begun in the valley, and since the early 1920's}j[. 
most of the discharl?e ?f f?iround water. has been from wells. (Worts,,'lll_' 
1951, p. 84). Thus, 1rngatlOn, much of It from formerly flowmg wells~ , 
in the confined area, has resulted in a decline of water level near the.~ 
west end of the valley. It has aiso affected the natural discharge by:jl'. 

1. Dec, reasing the seaward gradient and reducipg the, und, erflow to thB,;,-tl, •• ' ", 
ocean. ' - " • :5i: ',' , 

2. Lowering the water leveI below the root zone of prueatophytes (the~~-
natural vegetation) and causing them to die. "~~ • 

3. Lowering the water level at the landward end of the confined area;'*Ii> 
t~ereby stopping natural grolUld-water overflow, which formerly.,.~,il',,'­
chscharged as streamflow to the ocean.A~ , 

UNDER:I;'LOWTO THE OCEAN:ij ,,' 

Under natural conditions, ground-water underflow discharges to the!'~ 
oeear: in an lUldetermilled area offshore, as is indicated by the seawar~:2~ 
hydraulic gradient at the west end.of the ground-water basin. The;] 
quantity or discharge can be estimated accordillg to Darcy's Law~~ 
expressed in the equation Q=PtIA, where Q is the discharge, i~;i 
gallons pEil;day; P t is the field coefiiciEmt of permeability, in gallon~:'~ 
per day per square foot of aquifer at field temperature (64°F) ; I is:1 
the hydraulic gradient, in feet per ~oot; and A is the cross-sectiona11", 
area, in square feet, through which discharge occurs. Worts (195:t,~1 
p. 95) determined the values of coefficient of permeability, the cross~~~ 
sectional area, and the hydraulic gradient for the coastal end of th4";J 
Santa Maria Valley ground-water basin as follows: 'O::~R 

GeologiC 'unit 
Alluvium (lower member) ___________________ _ 

Undifferentiated deposits of Pliocene and Pleis­
tocene age: 

Paso Robles and Orcutt Formations _____ _ 
Careaga Sand _________________________ _ 

Gross-sectiona! 
area (sQjtJ 

2,238,000 

29, 200, 000 
11,800,000 

Field coefficien{-oj~ 
permeability '~;!,'i~ 

(gpd peT sqjtJ'~; 

2, 0:; :, 

GROUND-WATER USE, SA.J.~TA MARIA 'VALLEY, CALIF. 

Yeq.r. 
1918 ____________________ ~~ __ _ 
1936 _______________ _ 
1944 __ _ 

Hydmulic 
gradient 
(ft per 
mile) 

10 
6 
8 

A13 

No new data are available on the permeability of the aquifers, but 
recent data from oil wells drilledilear the coast generally substantiate 
the cross-sectional areas shown in the previous table. Hydraulic 
gradients of grolUld water are indicated by water levels, and, in 1961, 
a gTadientof 5 feet per mile in the alluvium was computed from water 
levels in wells near the coast. The ground-water gradient in the allu­
vium thus determined in 1961 is considered representative of gL'adients 
of water in the deeper aquifers. 

On the basis olamounts of lmderflow computed for 1918, 1936, 1944, 
and 1959 and correlated withhydrographsshown in figme 2, annual 
underflow to the ocean is estimated for the 41-year period (calendar 
years 1918-58) and is shown in table 5. Additional water-level data 
will be necessary to substantiate the assumed hydraulic gradient of 
ground water in the deep aquifers. 
',. Table 5 shows a maximum annuallIDderflow to the ocean of 16,000 
acre-feet in 1918 and 1919, when the grolIDd-water basin was nearly 

,full and the hydraulic. gradient was 10 feetper mile. By 1958, lUlder­
'flo;whad decreased to about 8,000 acre-feet per year and the gradient 

9/32-lNl 
(near Sisquoc) 

, 10/34-14E2 
(near Santa Maria) 

FIGURE 2.-Hydrographs of wells near Sisquoc, Santa Maria, and Guadalupe. Copy of document found at  www.NoNewWipTax.com
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was approximately 5 feet per mile. The est:imated average annual dis-j; 
charge by underfl.ow mto the ocean was about 11,000 acre-feet for the ;;' 
41-year period 1918-58, and was about 8,000 acre~feet for the 9-year" 
period 1950-58. :,;' 

TABLE 5,-Estimated underflow to the ocean from the ground-water basin, 1918-58,; 

[.All values are 'rounded] , ;': 
---------..------,-----r;-------:.!; 

Underflow 
to oc~an 

Calendar year (acre-it) 

1918 _________ 1 16, 000 
1919 _________ 16,000 
1920_________ 16,000 

192L_~ _____ _ 
.1922-. _______ _ 
i923 ________ _ 
1924- _______ _ 
1925 ________ _ 

1926 _______ ~_ 
192L~- _____ _ 
1928 ________ _ 
1929 _____ ;. __ _ 
1930 _____ . ___ _ 

193L _______ _ 

16, 000 
15, 000 
15, 000 
15, 000 
14, 000 

14; 000 
14, 000 
13, oob 
12,000 
12, 000. 

11,000 

Underflow 
to ocean 

Calendar year (acre-ft) 

1932 ___ ~_____ 11,000 
193L________ 10,000 
1934 _________ 10,000 
1935 _________ 10,000 

. 1936 _________ 19,500 
1937 _ ________ 9,500 
1938_________ 1~ 000 
1939_________ 12,000 
1940_________ 11,000 

1941_________ 11, 000 
1942 _________ 12,000 
1943_________ 12,00y 
1944 _________ 1 12,800 

Calendar year 
1946 ________ _ 
1941- _______ _ 
1948 ________ _ 
1949 _______ --
1950_. _______ _ 

1951- _______ _ 
1952 _______ ~-
1953 ________ _ 
195L~ ______ _ 
1955 ________ _ 

1956 ________ _ 

Underflow:: •. 
to ocean .,:; 
(acre-ft) .'. :,; 

12 OOOi 
12: 0000;;,1' 

9 300 I . 

9: 300:;~ 
8,500}: 

8'400·£1·· .. · 

~: ~ ~~ ..•.... ~.:.~.;.;.; .: 
8,200,\ .. 
8, 200l;; 

1957 _________ . ~:d[ 
1958 ________ _ 

8, ooq,i; . 
:L~1: ;'" 1945_ _ _ ______13, 000 

II. ~~i~~ ' .. 
Underflow to ocean (acre-}t) 1918~58 1950-';8<~ ,.:. 

TotaL ____ ~ ______ ~ _________ ..: ________ --------------- 470, 000 74, 009~ .•.. 
Annual average _______________ -----_________________ 11, 000 8, Ooo;~ 

. . . .. :"',,:~~ 

_____________ -'-__ .,---______ ------------:"'~~~1 ,.: 

A~~ . 1 Estimate by V{orts. (1951 , p. 95, table 11). 

WITHDRAWALS BY WELLS . "';j' 
:.:.~: 

GROUND-W.A:~·ER USE, SLl\[TA MARIA VALLEY, CALIF. A15 

For the period 1945:"58, estimates of the pump age for irrigation are 
compnted by dividmg the electric power consumed (kilowatthours 
(Jrwhr) ) during the base year of 1950 by the appropriate energy factor 
(kWbr per acre-ft) for each of 15 power areas. These areas were 
selected on the basis of plDnpmg lift. Average energy factors for each 

.. power area were determmed from .plDnp-efliciency data for the, ye~rs 
1947-53. Energy factors were adJusted each year to account for lil­

creases m plunping lift m those power areas where water levels ha.d 
changed since 1950. PlDnP efliciEmcies ranged from 30 to SO percent 
and averaged 55 percent. The unit-power factor averagecl 1.6 kwhr 
per acre-ft. per foot of lift. 

. Table 6 lists the net pump age for irrigation for the 41-year period, 
calendar years 1918-58. Data for the years 1929-44 are froni \i\T orts 
(1951, p. 89). Net pumpage for irrigation is computed as 80 percent 
of the gross; use of this percentage leaves 20 percent of the gross for 
return to the ground-water bocly. 

T.AJlLE 6.'--Net pmnpagB tal' irrigation, 1918-58 

[All.value. are rounded. Pump age for 1918-28 estimated by author from irrigated acreage and duty of 
water; that for 192!l-44 estimated by Worts (1951. p. 89)-; that for 1945-58 estimated by author from 
electric power consumptIon] 

Net pump- Net pump- lVetpump 
Calendar year age Cacre-ft) Calendar year age (acre-ft) Calendar year age (acre-!t) 

1918 ________ 5, 000 1932 ________ 41,000 1946 __ ~ _____ 88, 000 1919 ____ ~ ___ 5,000 1933 ________ 36,000 194L _______ 96, 000 1920 ________ 6,000 1934 ________ 38,000 1948 ________ 83,000 1935 ________ 4J, 000 1949 ________ 88, 000 
192L _______ 11,000 1950 ________ 90, 000 
1922 ________ 16, 000 1936 ________ 48, 000 1923 ________ 22,000 193L _______ 47,000 195L _______ 74, 000 1924 ________ 26, 000 1938 ________ 47, 000 1952 ________ 87, 000 1925 ________ 28, 000 1939 ________ 52, 000 1953 ________ 77, 000 

1940 ________ 60,000 1954 ________ 83, 000 
1926 ________ 31, 000 1955 ________ 88,000 
1921- _______ 34, 000 1941 ________ 48, 000 1928 ________ 36,000 1942~ _______ 49, 000 1956_~ ______ 87, 000 
1929 ___ ~ ____ 40,000 1943 ________ 54, 000 1957 ________ 86, 000 1930 ________ 42, 000 1944 ________ 57, 000 1958 ________ 111, 000 

193L _______ 43, 000 1945 ________ 82,000 

Net pumpage (acre-ft) . 1918-58 1950-68 
·Tot~ ________________ ..: ________________ ~_~ _______ 

2, 180, 000 780,000 

Most of the ground-water discharge is by pumpmg from wells, and! 
the' water is used for agriculture, public supply, and industry. By far'~ 
the largest quantity of pumped water is for irrigation of agricultur~~;~; : 
lands. A few irrigation wells are pumped by diesel or nat-iiral-gas~: ;- . :Annual average ________________________ ~ _________ 

53, 000 87,000 Bngmes, and the others are p~ped by electric powerplarits. Th:e$, _ 
quantity of water pumped for public supply is determmed by metere,a~~ .·...)n addition t.o pumpage for irrigation, a comparatively small amount 
flow) and the quantity of water pumped for agriculture and mdustry£; . of water is pumped each year for mdustrial, public-supply, domestic, 
is estimated. ."'~j',a~dlivestock uses. This p'umpage is shown in ta:ble 7. 

Estimates of the quantity of water pumped for irrigation from 19aqil : .- Estimates of pumpage for mdustiial use are based on p1.Dnp capacity 
to 1958 are based on' electric-power' data' obtamed from the powe~:~i;' oper~ting time, and product or process requirements. ' 
company. Estimates for years prior to 1932 are based on irrigat.e~{.· . 'For the period 1952--58, records of public water-supply plDnpage 
acreage and duty of water as described by Worts (1951; p. 85 and 88);~' were furnished by the city of Santa Maria; and, for the period prior 

'l' Copy of document found at  www.NoNewWipTax.com
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to 1952, estilllates of pump age were made from per-capita-use data~1 
derived for ,the years during which pumpage was m'etered. Both e:x<i ' 
cess water applied to lawns and sewage effiuent return an unknown<;l!. 
quantity :of water to tht} gr.ound-water body. However, theamountt 
probably is small and, therefore, has 'heen disregarded. Estimates of;§ 
pumpage for the city of Guadalupe were ,obtained from the Campo-~I 
domco Water Works. Estimates of public water-supply pumpage'~ 

storage change has beenmac1e for the prohabll? landward displacement 
'of the fresh water'-sea water interface in the offshore extension of the 

aquifer. 

T~:LE T,_Estimated w-it7~d1-awcbl oj ~vater by wells tor uses other: than' i1-riga­
tion, 1918-58 

[All values rounded] 

Pnbli,c-supplyand 
domestic use 

Calen dar year 

used by other communities and rural areas in the valley are based 'On'~· 
a per capita use of 150 gallons per day. "j~l 

The Santa Barbara County Farm Advisor reported (Ray Gie~i'~l 
[ Livestock I Industrial I (acre-tt) Flowing 

use use wells 
(acre-it) (acre-tt) (acre-It) 

Santa Other 

berger, oral COillDlUll., 1962) that in recent years a;bout 6,500 head 0 

dairy cattle and about 15,000 head of beef cattle in the Santa Mari 
Valley have required more than 1 million gallons of water a day, 0 

approximately 1,100 acre-feet per year. ' 

1918 ___ ------------- --- -- ------
1919-_----------------- -- -- ----
1920 _____ - ----- ----- -- ---------

192L ___ ------ -- --- - ------- -- --
1922 ______________ - --- -- - --: -'--

. mt========================= 

ti~~~~~~~~~~~~~~~~~:::~~~~~~--

, Prior to 1946 a considerable quantity of water was clischarged b 
flowing wells III the western part of the confined area. However, by, 
1949 these wells had stopped flowing. Estimates vf the quantity of 
water discharged fwm these wells are based on a probable maximmn 
flow of 2,000 acre~feet in 1918, a minimum flow of 500 ,acre-feet :' . 
1936 (t~ble 7), an~ an average flow ,of about 1,~00 acre-feet a, year. foi:,~!t ... 193L-_______________________ _ 

the penod: 1942-4D , (Worts,. 1951, p. 91). Estlillates for the p.enods!, ;' 1932... _______________________ _ 
""l' 1933, ---------------------.--

1918-36 and 1945..:.51 are apportioned in accordance with a probableJ'k' '193~ ------------------------"'';' , 1930 _______________________ _ 

flow of 2,000 acr,e-feet in 1918 ,and no flow since 1945.:;~; . 1936 

Estimates of withdrawal of water by pumping for purposes othe?~: . m~ 
-- -- ---------------- ----

thRnirrigation are shown in table 7. .;{~ -; .m~ 
"!:~ ;!.', 

--- .:.:"-:..--.:.- ------- ------

CHANGE IN AMOUNT OF GROUND WATER IN ST'ORAGE 

The final ,element of .the hydro~oglc 'equation, the change in amoun 
of ground water in storage, is tlie c1ifi'erence between the quantity 0' 

water in storage at the beginning of a selected period ,and that in stor' 
age at the end of the same period. Water-level data were used t 

1941 
, 1942 
, 1943 

1944 
',1945 

1946 
1947 

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

-------

-------
, 1948 _________________________ _ 
1949 ___ c _____ c " _______________ _ 
1950 __________________________ _ 

195L _____________________ _ 
1952 ___ : ______________________ _ 

,lg53 ___ .c _____________________ _ 
, ,',',1954 .. __ " __________ " __________ _ 

1955 __________________________ _ 

,1956 _________ ~ __ c _________ _ 
1957 _________ c __ " _____________ _ 
1958~ _________________________ _ 

J'vIaria 

200 500, 500 
500 500 500 
800 550 500 

1,000 600 500 
1,100 600 500 
1,300 600 600 
1,400 700 600 
1,600 700 600, 

1,600 700 600, 
1,800 800 600 
1,900 800 600 
2,000 800 600 
2,100 900 700 

2,200 1,000 700 
2,400 1,000 700 
2,400 1,000 700 
2,600 1,100 700 
2,500 1; 200 700 

2,700 1,200 700 
2,800 1,300. 700 
2,900 1,300 700 
3,000 1,400 700 
,3,100 1,400 800 

3,200 1,400 800 
3,500 1,600 800 . 
4,000 1,800 aDO 
4,200 1,700 800 
3,800 1,800 800 

3,700 ' 1,800 800 
3,800 2,000 , , 900 
3,800 2,000' 900 ' 
3,800 2,100 900 
3,800 2,200 1,000 

3,800 2,200 1,000, 
3,900 2,300 1,000 
4,000 2,600 1,000 
4,000 2.600 1,100 
4; 000 2,600 1,100 

4,100 2,800 1,100 
4,100 2,800 '1,100 
4:. 200 2, Ron 1. ?nn 

uv, UUI.! I . ,j~, uuo ! 

, compute the volume of water in storage above sea level in 1918, 1950 
and 1959, las shown in table 2. However, only data for 1950 and 195 
are::t,dequate for making estimates of, storage changes throllghou: 
the complete basin, and these show a depletion in storage ofahout 
percent for the period 1950-59.", Water-level data for 1918 are adE 
quatefor the valley floor but ,are larg.elyextrapolated for the uplan 
areas and are subject to error. ' 

As is shown in table 2, the 1Lmount of ground water in storage d ' 
crease,d ahout 860,000 acre-feet in the period 1918-59, an average an 
mlal decrease :of ahout 21,000 ,acre-feet. The amount of ground wat: 
in storage decreased 3Jbout 150,000 acr,e-fe.et in the period 1950-59, a, 
average annual decrease of ahout 17,000 acre-feet. No estimate '0 

Witb,drawal of water, (acre-tt) 'I' ,1918-58 

TotaL _____________ ' _________________ _ 
Annual average ___________ _ 260,000 

6,400 

250 
250 
250 

250 
250 
250 
250 
250 

250 
250 
250 
250 
250 

250 
250 
250 
250 
250 

250 
250 
250 
250 
250 

250 
250 
250 
250 
500 

750 
750 
750 ' 
900 

1,200 

1;200 
1,200 
1,200 
1,200 
'1,300 

1,300 
1,300 
:!' .. 30~ . 

22,000 I 
1951}-58 

80, 000 
8,900 

2,000 
2,000 
2,000 

1,900 
1,900 
1,800 
1.800 
1,700 

1,690 
1,500 
1; 400 
1,300 
1,200 

1,100 
900 
700 
600 
600 

500 
600 
700 
800 
900 

1,000 
1,100 
1,200 
1,300 
1,000 

500 
200 
100 

a 
0 

0 
0 
0 
0 
a 
0 
0 -

36,000 I 

Total' 
(acre-it) 

3,400 
3,800 
4,100 

4,200 
4,400 ' 
4,600 
4,800 
4,800 

4,800 
5,000 
5,000 

' 5,000 
5,200 

5,200, 
5,200 
5,000 
5,200 
5,200 

5,400 
5,600 
5,800 
6,200 
6,100 

6,500 
7,200 
8,000 
8,200 
7,900 

7,600 
7; 60p 
7,600 
7,700 
8,200 

S,200 
8,400 
8,800 
8,900 
9,000 

9,300 
9,300 

260,000 
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'. A18 CONTRIBuTIONS TO THE HYDROLOGY OF THE UNITED STATEJT~'~" 
SUlI.lJU:A.RY AJ.'i'D SIGNIFIC.A.l~CE OE 'THE HyDRO:LOGJ:C EQUATION ':f~ 

Table 8 summarizes the hydrologic equation for the periods 1918-59-; 
and 1950-59. Estimates ,of recharge, discharge, and change in s~orage'~; 
are based on the same m~thods as those by Worts (1951, p. 72-123).;i): 

GROUND-WATER USE, SA.l~TA :MARIA VALLEY, CALIF. A19 

discharge for the period 1950-1959 is about three times the estimated 
, change:iIi storage. , ' 

All estimates for the various elements of the hydrologic equation are 
. subject to errors which are expressed as ,~he discrepancy in the hydro­
.logic equ~tion (table 8). E.rrors in~e estima~e~ recharge may be due 
to 10westlIDates of penetra:tIOn of ram and additlOnal unknown sources 
of recharge. One source of additional ,recharge may Qe subsurface 
inflow from fractured or weathe~ed zones in the consolidated rocks 
that border and underlie the basin.' Errors in est:im.ated net pump age 
may be due to inaccurate estimates of return irrigation water. 

However, est:im.ates of storage change have been revised by,the avail-~ 
ability of ~tensive water-level data for the springs of 1950 and 1959 . .} 

. The most significant feature b:.Qught out by ~ ~alysis '0: the two;~t·: 
periods of compara:ble' recharg.e IS that the equatIOn IS almost m balance;: 
for the period 1918-59. On the other hand, large withdrawals .0# 
ground water during the period 1950-58 have caused only a smali;;~· 
depletion of ground water in stor!;Lge i the result has been a relatively:!.: 
large :imbalance or discrepancy in the hydrologic equation. J, ': 

'::4f " 
TABLE 8.-Hy'droZogic equation jor the San.ta Ma1·ia. Va.ZlfJ'Y ground-water lJa~i~~: : 
. : " .~~~~ , 

(.AJl' values rounded] :"~: : . .JJ, . 
A •• rage annual recharge (acre-!!) , 1919-59 1951-59 :c,r; ;: 

Seepage loss from streams' (table 3)--____ ------- 39,000 41,000 <It: 
Infiltration of rain (j;\Lble 4)____________________ 8,200 11, OOO:~;: 

TotaL ____ .:___________________________ 47,000 52,000 (l),lJ'-
,~. ;. 

A.erage ~nnual discharge (acre-ft) 191&-58 1950-58 -:;41', 

Estimates of storage change may be low because estimates of specific 
yield 'are low or because some' water is being mined from the sub­
marine ex4ension of the ground-water reservoir. As grolmd-water' 
outflow to the ocean has gradually decreased during the past years, the 

- fresh water-salt ,-yvaterinteriace presumably has moved landward 
and thereby has displaced a corresponding amOlUlt of ground wa.ter 
i.nstoragein the offshore ~ension of the, aquifer. This amou.J;l.t would 
he in addition to the previously calculated storage. Supplemental 
hydrologic data will be necessary before estimates ca,n be ~1ade of, the 
magnitude of the displaced amount of storage. 

Underflow.to ocean (table 5) _______________ ~--- 11,000 8, 000 .~' 

Net pu~pa~e: " . . ,~~~:, PERENNIAL YIELD AND OVERDRAFT 
IrngatlOn (table 6) ______ ·_________________ 53,000 87, 000 ;:~ :',.. •. ' 
Other uses (table 7)_______________________ 6,000 8, 900 '::;~ ," :, }?erenmal yIeld of a ground-water basin generally is the maximum 

TotaL_. ____________ ~----------------- 70,000 104,000 (2};, amount of water than man may use from the bas' 'II d till 
",;'If ,.'. '. m annua y an s 

, . ~1J,atio~ balance (acro-!t) 191&-59 1950-59 ;~g ,', mamtam 'the ground water in the basin as a permanently renewable 
Recharge (1) ID.lDUS dlS~harge (2)_______________ -23,000 -52, 000 (~li" resource. Overdraft is the quantity of wa,ter um ed fr th b . 
Av~rage annu~ change In amount of ground water )1: :" m' o'Vcess of J.'1-a. p '81' Id W rt p p om e asm 

, • , '. _ _ \\'ft :, ' =- v,ll:o erenm yle. 0 s (1951 p. 123) stated "Th 
In storage (table 2)_________________________ 21,000 17,0.00 (4l", , ' • 1 'eld f J..'1- " e 

Average annual disorepanoy in byc4"ologio equa- :,;~, perenm.a!J:. 0 w.J.e wruter-bearing deposits in 'a coastal area 'is the 
tion, (3) minus (4) __ , ______________________ :.._ 2, ODD 35, 000 :;:~;;-, ,rate, at :vhich water can be pumped from wells year after year without 

, .' . " . ' . '.. Ji .,:, ~ecrea~mg the storage to the point where the rate become . 11 
The ~yarologlC equation show:p. m table 8 mdlCates an. average ~~"! r:; jpfeasible, the rate becomes h sicall:im. . " s.eco~omIca y 

nual dIscrepancy of about 35,000 acre-feet for th~ perIOd 1950-~~~.' rate causes ,the 1 d d .p.;. Y pOSSlbl? to mamtam,. or. the 
compared to a near-balance for the period 1918-59 even though the~1;: ·th"· 'd .J.'1- an war m.:-gra Ion of sea water mto the depOSIts and 

... ' . '.. ',.~ ':. '!IS ren ers v.ue water chemIcally unfit for " 
annual average precIpItation (table '4) was approXl1D.a-telythe same1·, Th d t ; . t f fl . use. 
f b h . dB'· ,;,;{i: e e alllIDen ooodflow by TWitchell D·a ·l1d .' or ot perIO s. ecause water-level data ,for 1950 and 1~59 at\)!:" th au '. .. . . ." m ,a reseryoJI, on 
more reliable i?-an those for 191~1 the. estimate of stQ~age change (tab!~ '",' fe:t ~aX::f~ver, ~ res~t III an est:im.ated increa~e of 21,200 acre­
~) for the pe~od.1950-59 probably IS more aC?ura,te even, though tl;Q1 iofR!lala;' 0 the YIeld of the ground-water basm (U.S. Bureau 
~balance IS sI~cant1y g:eater. .Ala?, the ,disc~ep~ncy m ~e eq~~: "Est" tion,1958, P: 12): . . , .. 
t:o~ for the per~od 1950-59 ~s o~ a magnItude that mdlcates a sIt":latio~~ ;" for h IDlates of per~nmal YIeld are..bas~d. on the hydrologIC equation 
s~ar to that III other basms III ~anta Ba~bara <?ountYi that IS, th.~ ~ , ni t ~ 1950-59 per~od and maybe determined by two methods: perell­
difference between recharge 'and discharge IS consldera.bly more th~~ ';. "a~ YIeld, may be equal to the average annual recharge minus the 
the change in storage indicates (Wils?n, 1959, p. 86-88, and Evenso~ ~ ~ecoverable water,. or it may beequal to the average annual pump­
and others, 1962, p. 61-101). The dIfference between recharge an4;" . mg draft plus or ID.illl1S the change ill amount 0.£ ground water in 

:'iJ , storage. C 

";;i: . 
'''',; . 
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A20 CONTRIBUTIONS TO THE HYDROLOGY OF THE UNITED STATES" 

Recharge for the period 1951-59 averaged .52,000 acre-feet per year 
(table 8), and umecoverable water (underflow to the ocean) for the 
same period averaged 8,000 acre-feet per year (table 5). The u1di- ' 
cated perennial yield is the di:fference between the two estimates, or 
about 44,000 aGTe-feet. With continuu1g over.draft, 'underflow to the' 
ocean will decrease as the hydraulic gradient is reduceel. If the gra->t 
dient is reduced from 5 to 2 feet per mile, underflow to tlw ocean will, 
decrease from about 8,000 to 3,000 acre-feet per year and the natural? 
permmial yield will increase proportionately to about 49,000 p,cre-fee(. 
which clDsely agrees with the estimate of 53,000 acre-feet made by§ 
li)Torts (1951, p. 128). The additional yield of 21,200 acre-feet froni;',· 
Twitchell Dam augments the perennial yield of the basu1 to about; 
70,000 acre-feet per year. 

GROUND-WATER USE, SA..~TA :MARL'&", VALLEY, CALIF. A21 

cro~chm:ent proba.bly has occurred at the oifshoreends of the aquifers. 
If the seaward gradient continues to decrease and reverses to a lancl­
ward gradient, sea water will m.ove inland in the aquifers. 

The coastal segment of the Santa 1\1aria Valley groUl1d-water basin 
. (pl. 1) consists of several permeable aquifers of sand and gravel con­
fined and separated by relatively impermeable zones of silt and clay. 
Data are not available to determu1e whether ground-water gradients 
are the same in each of the aquifers in the coastal segment of the basin. 
However, if one assumes that the gradient is the same in each aquifer, 
comparison of the relative position and shape of the u1truded wedge 
of sea water for ground-water gradients of 10, 5, and 2 feet per mile 
is significant. 

A lllathematical equation used to determine the length of the sea­
water wedge in c9astal aquifers was discussed by Brooks (1960, p. 
1-13) and can be expressed for confined aquifers as 

Estimated pumpu1g draft for the period 1950-58 averaged 96,000". 
acre-feet per year (table 8), and the average change in storag~ wa~} 
17,000 acre-feet per year (table 8). Thus, the indicated natural peren~;tl' 
niaJ yield is about 80,000 acre-feet. .An additional 5,000 acre-feet',;: 
increment, o~tauled as a result of red:lcu1g the hydraulic .gradiBnt td,;" 
'2 feet per mile, and a 21,200 acre-feet mcrement from TWItchell Dam;· 
result in an augmented permmial yield of about 106,QOO acre-feeL ',)~,. h 

The large discrepancy of closure of the hydrologic equation (tabletf were 

L P(S-1)m2 

2'1 (1) 

8) for the period 1950-59 indicates that use of the elements-of-TechargB;;~. .q=seaward rate 
method is preferable to the use of the elements-of-discharge method':, (gpd per ft) 
to determine p.erennial yield . .The dis.crepap.cy represents the slUnst;.~: L=le~gth of intruded sea-water wedge (it) 
all the erro~s m the hyc1rologIc equatIOn plus t~1.e \u:mown quantItJ;/;, m=.thIckness of pressure aquifer (ft) 

of flow of fresh water per unit aquifer width 

of water mmed as a result of the landward mIgratIOn of the fres4) ',' ' S' = w'= l.025 _ t' f '. '.. . 
. . f H ,.,. f b bl .'". -ra 10 0 umt wmght of s t ' wat.er-sea water mter ace. 'owever, 10,000 acre- eet pro a y IS};, wI, ' ea wa er to rresh water 
b?th ~ realistic and a cons.ervative.· estimate of thea \lgmented pereii .. : ' . (w. is densi t~ of sea water; w is density of fresh water) 
mal YIeld ofthe Santa Mana Valley ground-wa.ter ba~m.,;~ ; P=fi.eld coeffiCIent of permeability (gpd per sq ft) 
;.; Overclr.aft occurs whenever ~verage annual dIscharge, excee,~~) "', ' In e uation 1 

, (0,000 acre-feet per year, and durmg years of overdraft, water levell'::: q 
will probE'vbly decline. If water levels decline enough to establish§~ ~ 
landward hydraulic gradient, then" protective steps must be taken t~:';" 

q=Pm1 
I ~hydraulic gTadient (in ft per ft). 

prevent extensive sea-water encroachment and consequent conti.Uriii~iili· , '. 
tion of the fresh-water aquifers. . <~ ! ,', Substltutmg Pm1 for CJ. in equation 1 

. '~ 
····;r 

SEA-W ATER- ENCROAOHMENT ~t~~ i " 
L C$-l)m 

21 (2) 
_ S~awa~d 11ydr~ulic gradients and consistently low chloride co~c~~t,{Th '.. , 

tra~lOn~ m water from wells near the \fest end of the va?ey are md.~~ '. 'wed :s'Leq~atwn 2 mdicates that the l~ngth of the intruded sea-water' 
catIOns that sea-water encroachment has not been an obVlous problem]] 'th gh dr( ) I~ depen.dent only on the thickness of the aquifer (m) d 
H' ul'" e y, aulic gTadiont of d d' ,an 

ow.ever, as water levels have been lowered, the seaward hydra ,,~~' 'the wed 'e is d' v . gTO:m -water Ischa:ge (1); the length of 
grachent has decreased and an lmknown amolmt of sea-water ~W~. versel g :rectly proport1Onal. to the aqUlfer thickness and in-

J '" . Y proportIonal to the hydraulic gradient. 
,,~; 

:,:ll, 
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A22 CONTRIBUTIONS TO THE HYDROLOGY OF THE UNITED STATES~: GROUND-WATE~ ,(],SE, SA",N''I'A' lI!I::A:I;UA VALLEY, -(::ALIF, A23 
h· b . ·th loth of the intruded sea}' SUM¥ARY 4-ND. OQNCI,;USIONS' In the coastal segment of t e aSID, .e e:r:-b . . .... ~ . . . 

water wedge for the lower alluvial aqUifer IS computed as follows~i . Overdraft since about 1946 has resulted in a ~ignificant decline in 

(S-l)m: ;; .. :water level throughout the basin as ground water has been removed 
L 21 . ~', : from storage. . . 

where 

m~lOO feet 
1=10 feet per mile, or 10/5,280. 

Then, substituting values, equation 2 becomes 

0.025XIOO 
L 2(10/5,280) .660 feet 

"f,' ..', In 1959 approximately 2,200,000 acre"feet of ground water was in 
·,t,. storage above sea level in the ground-water basin---:a depletion of 
.~' .~ 'about 6 p~rcent for the period 1950-5.9. 

.. . .• Estimates of ground-water storage depletion are not consistent 
with estimates of ground-water discharge and known sources of re­
charge. Errors may exist in one or more items of the ground-water 

. inventory, but they are most likely to be in the estimates of discharge 
. ...,,' and in the est.imates of change in grqlUld water in storage. 

Electric-log data show that below the basI') of the alluvmm., seve~~~, " ....... The best estimates of perennial yield, therefore, are based on the 
of the aquifers are about 50 feet t~ck. . The length ?f the ~tru~e,~;, . '"elements of gro.un.d-:vate~ recharge .. A conservative estimate of the 
sea-water wedge will vary, depending on the hydra~lic gradient a~i./>nat1iral perenmal YIeld IS nearly 50,000 acre-feet; the augmented 
the thickness of the aquifer, as is shown in the followmg table':,~:/rperennial yield, which includes the 21,200 acre-feet of wate.r released 

I=hydraulic gradient (ft per mile) 

10_ 
5 _______ _ 
'J 
~-----------

m = thickness of pressure 
aquifer (ft~ 

100 50 

Length of intrnded 
sea-water wedge (ft) 

660 
1,320 
3,3'00 

330 
6.60 

1,650 

i~ '/>at Twitchell Dam, is about 70,000 acre-feet per year. 
'i~t: > .•... "Intrusion of sea water has not been observed in landward parts of 
£~;;.:.the basin, but limited sea-water encroachment probably has occurred 
.'~~ :~;:>n the offshore extension of the aquifers. A.lthough electric logs of 
};~::,'/?iJ wells drilled near the coast indicate the presence of several fresh­
i\.i.t ;;: water aquifers of different thicknesses, data are not available to show 
;ii~ V8hydr~ulic pressu~es and hydraulic gradients in each of the aquifers. 
.'irl. .'/'(Adequate evaluatIOn of the potential sea-water encrQachment into the 
. ill ',::i'gr0)lnd-water basin will necessitate the construction and maintenance 
.;~;:(;;o~ a,t least two observation wells that penetrate the entire sequence of 
'Kfi':,~~;~qu.Ifers: These wells should provide the data necB$sary to determine 

Altl~ough a seaward gradi~nt ?f about 5 feet per mil~e::,isted~ ;g.?y~~~~:~~:c pressures and gradients in at least three of the major 
1961, the .. chloricle concentratIOn III water from a well. ':ltb.Ill at~~,<.q .... . 
hundred"feet oithe coast was only about 60 parts per 11llllion. The10k ';!::2, ·REFERENOES OITED 

. 'f . th I ' nber:oft1l6'."··· 
. fore, tIle submarine outlet of the aqUl e; III e oweI mer. . ":;$~ !"'~l~ney" H. ~., 1983, Rau:rrall p enetra.ti on, in, Ventura County investigation: 
alluvium probably was farther ~n 1,020 feet o:ffsh~re. . :j~i;' :"B .. Galiforma ~ept. PU!blIc Works, Dlv. Water R:sources BUll. 46, :po 82-91. 

The submarine outcrop of aqmfers below the alluvmm m~y exte~~: .•. ,lan:y, H. F., Nuon, P. R., Lawless, G. P., 'and WeIdmann, E. J., 1963, Utiliza-
farther seawaI'cl but no data are available to show elther~~i ",;,.ts1on of the water of the Santa Ynez River basin for agriculture in southern even , . .'",,' ... ,'. anta Barbara County Oalif '. U S D' . 

clraulic gradients or hydraulic pressures, both of wInch are· necessaf~,\::: Service duplicated rept.:53 p. orma. .. ept. .Agnculture, .Agr. Research 

to understand the hyd~aulic system ~the ?oastal segment of the bal3~ ;<:.~,~~g,Oks, N .. H.~ 1960, ~ea-water intrusion in California: California Dept. Water 
. A t least two observatIOn wells haVIng pIezometers that tap at 1~'~l",:;".,ResoUIces Bull. 6i)~O, pt. 3, p. 1-13. . . 

.t1.. , l' h d 1ihc"Eckl R Hi d three aCluifers (tabl.e 1)· will be necessary to evaluate t:l.lS y ra. ... ;~, :,' .. s, o. n, an Gross, .P. L. K., 1934, Geology and ground-water storage 
system U· 1 I'ela"; on to sea-water encroachment.' >#tl .. , .. we. apat CltRY of valley': ~ll, tn South Coastal~basin investigation: California Div. 

w. '-}~i . a· er eSources BUll. 45, 2'79 p . 

. :4~ ::Eve:~:, R.E., Wilson, H. D., Jr., and MUir, K. S., 1962, Yield of the Carpinteria 
4ii' .;,. . . Goleta ground-water ,basins, Santa Barbara County, California, 1941-
'~'1.,£> 58. U.S. Geol. Survey open-file rept., 112 p. 
:~~~ '.~'.~' . ~. 
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