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(GEOLOGY AND GROUND-WATER RESOURCES OF THE 
SANTA MARIA VALLEY AREA, SANTA BARBAR.t\CODNTY, 
CALIF. 

By G. F.WORTS, JR. 

ABSTRACT 

This report is the third in a series of interpretive repo.rts on the several ground­
'water basins of Santa Barbara Oounty, Oalif., prepared by the United States 
Geological Survey, in, cooperation with the county. It presents the pertinent 

:,results of an investigation of the geology and water resources of the Santa Marla 
Valley area. It deals with the valleys of the Santa Maria and lower Sisquoc 
Rivers situated prin'Cipally in the northwi'lstern part of the county, 'which together 

'form one large agricultural district dependent for its water supply on irrigation 
'from wells. The report preseI).ts data on runoff from the region tributary to the 
,area, shows the extent to which ground water is replenished from the rivers, 
",es~imates total recharge to and total discharge from the one principal ground­

,w;ater body, estimates the yield of that body, and discusses the possibility of 
"sea-water encroachmellt. , ' ' , 
. The, Santa Maria River, which is formed by the confluerice of the Ouyama Rivet 
'and the Sisquoc River, flows generally 'westward to the :pacific Ocean. The 
,Cuyama RivElr, which enters the a:r.-ea from the north, and the Santa Maria River 
'together form the boundary between San Luis Obispo and Santa Barbara Counties. 
,G.hannels of the Santa Maria and lower Sisquoc Rivers overlie a large irregUlar 
'structural dow-nfold or syncline, which is bounded j)n the north by the northwest­

'" 'trending San R",fael MO\lntains and on the south by the west-trending Solomon 
',' ·and Oasmalia Rills. These ranges are composed of consolidated essentially 

"non"water-bearing'rocks, which include the Francisc~n, Knoxville ( 7), Monterey, 
'\Sisquoo, and Foxen formatiQns, ranging in age from Jurassic to upper Pliocene. 

'These impermeable rocks underlie the ground-water basin and bound it on the 
" "north, east, and south.' ", 
, "', The valley area between the bordering ranges consists mostly of broad terraced 

~uplands and alluvial plains adjacent to the Santa Maria and Sisquoc Rivers. 
:Beneath the uplands and plains and along the flanks of the rij,nges are the un­

, ,consolidated or water-bearing materials which ha~e,been deposited on the oo.nsoli­
, 'dated rocks, arid which in part have been downfolded in the syncline. , Ti1e 
",:unconsolidated deposits are of upper Tertiary and QUaternary age, and attain a 
,; ,IJlltXlIn'Um thickness of about 3,000 feet. From"oldest to youngest they include 

, units: The Oareaga sand,Paso Robles formation, Orcutt formation, terrace 
,{ieposits, alluvium, river-channel deposits, and dune,sanq,. Of these the alluvium 

" 'of Recent age iathe most permeable and yields water to more than 500 wells at 
',:rates,of more than 1,000 gallons per mU:ute per well. 

, Contained within these deposits ,and extending over an area of about 110,000 
is a single largegtound-water body. Near the coast over an area of 30,000 
it is confined beneathsilt and clay composing the upper part of the alluvium; 

, the remaining 80,000 acres it is unconfined. All ground-water recharge 
.takes'place in the unconfined portion or intake area. The chemical quality of the 

, ;l. 
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2 GEOLOGY AND GROUND~WATER, SANTA MARIA VALLEY, CALIF .. 

ground water is such that it ca,n be used for' most purposes, a,nd further, ana,lyses 
of well wa,ters show that near the coa,st there ha,s been no sea,-water ericroaohment 
to date. During historic time there has always been a, fresh-water head accom­
panieci by ground-water outflow at the coast. 

Recharge to ground'water is derived from seepage losses from streams and in­
filtration of rain. Seepage losses from streams for the 16-year period 1930-45 
was estimated froID the records of surface-water runoff which occurs over the 
1,800 squ'are miles of the drainage basin. Eight gaging stations on the Cuyama 
and Sisquoc Rivers and the'll' major' tributaries record the surface-water inflow 
to the valley area, and one station"Ou' the' Santa Maria River at Guadalupe' 
measures the surface-water outflow from the area. Infiltration of rain has been 
estima,ted on the basis of type of land cover and character of underlying deposits, 
using estimates of deep penetration 6f rain derived from 'work done mostiy in . 
nearby Ventura County. Recharge from both sources has averaged about 70,'000 
acre-feet a year during the period 1930-45.' 

Discharge of ground water is by pumping and by natural means. Pumping for' 
irrigation, which began in 1898, constituted nearly 8'0 percent of the total discharge 
in 1944 when about 35,000 acres of land were irrigated from 317 wells. Estimates 
of pump age for the period 1929-44 were obtained largely from the kilowatt-hours 
used and electrical e~ergy. needed to pump 1 acre-foot of water. Thr3 total pump­
.age has increased from abont 55,000 acre-feet in 1929 to nearly 80,000 acte-feet .' 
in 1944. However, the net pump age is estimated to be about 20 percent less .. 
Natural .discharge during the period 1929-44 has been in· the form .of ground": . 
water outflow to the sea from beneath the confining. bedsDf the upper part of the} . 
alluvium. Outflow has ranged from about 9,500 acre"-feet in 1936, when water. 
levels and storage were the lowest of record, to nearly 13,000 acre-feet in 1944'; 

Increases and decreases in ground-water storage have been roughly propor­
tional to perio.ds of above-average and below-average rainfall, respectively, but 
have been modilied considerably by pumping during the past 20 years. The. 
period 1929-36 was one of below-average rainfall in which recharge averaged only 
about 34,000 acre-feet a year. By 1936 storage was depleted and waterleve1s· 
were low.ered to the point where pumping lifts IDea,lly became economically 
i:ri.feasible. The net decrease in storage in th±s period is estimated to have been 
160,000 to 200,000 acre-feet. The following period, 1936~45, was one of 
aveta,ge rainf.a,ll in which recha,rge averaged nearly 100,000 acre-feet a year .. 
the heavily pumped area the average net rise in water levels amounted to 
30 feet, and the over-a,ll net increase iri ground-water storage was about 260,000 
acre-feet. . . 

The perennial yield of the ground-water ba:;;)n for the period 1929-45 was esti-.· 
mated by two independent methods, as follows: It is equal to the total recharge 
less the total natural discharge divided by the 16 years of inventory, and itls' 
equal to the total net pumpage plus the net increase in storage divided by the 16: 
'year's inventory. The yield for the period is considered to be the average of .the, 
two; ·but becaUf$e of somewhat greater than" average rainfall it is probab11r slightlY: 
greater than the. long-term average. Based on a comparison with rainfall for the.' 
period 1886-1945, the perennial yield is estimated to be about 53,000 acre-feet' 
year. Current net pumpi1ge is about ~5,OOOacre-feet a. year, and therefore, .' 
perennial yield is being exceeded by about 12,000 acre-feet· a year .. , 

A program outlined by ·the Bureau of Reclamation' to utilize more OJ.LIl'"t"'"OlJ 

the surface-water resources of the Santa Maria River drainage system 'mrnhcrcio' 

the construction of dams to' detain the surfac.e-water inflow, to transfer' 
from·the reservoirs to the ground-water basin'by natural spreading in the np·rm.p.':.·: 

able channels, and so to salvage a considerable part of the estimated 33,000 aCre- .... 

INTRODUCTION 3 

feet a -year now. wasting to the sea as surface~water outflow. Dnder such a pro­
ogram the perennial -yield could be increased in aearly direct proportion to the 
~uantity of outflow salvaged. 

INTRODUCTION 

LOOATION"'AND GENERAL FEATURES OF THE'. AREA 

The Santa Maria Valley area is o:O:e of the larger coastal valleys of 
·California,. and is situated about 130 miles ;northwest of Los Angeles 

.. :and 60 miles nOl'thwest of Santa Barbara. It occupies the nOl'th­
western part of SantaBarbara County and the' extreme southwestern 
pal't of San Luis Obispo County (fig~ 1). It lies approximately 

OCEAN 

:·,:.:.:FIQ.uiuii 1.~Index map of Santa Barbara Oounty, Oaliiorniii:, shOwln~ locstion of the Santa MariR River' 
. drainage system' 

;~etween 34°50'. and 35°&' north latitude,' and between 1200 10l 

and 120°40' ,west longitUde (pl. 1). It covers an area Of about 
.'. 260 .square miles and has an east~west Jengthof 281niles and a maii­

,'. .. north-south width of 15 miles. 
;'This area comp!ises the alluvialpli1ms'and adjoining terraces, foot­

and mountalll. slopes of the Santa Maria Valley and of the lower 
. of the Sisquo.cRiver. The Santa Maria River is formed by the 
uenceof theSlSquoc and Cuyama Rivers at Fugler Point (pl. 1) 
:fl.ows westward across a broad' allUvial. plain, called the Santa 
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4 GEOLOGY AND GROUND-WATER, SANTA MARIA VALLEY, CALIF. 

Maria plain, to the PacIDc Ocean. A small alluvial plain adjoins the' 
Santa Maria plain at Fugler Point and extends up the Sisquoc River 
to La Brea Creek. The' Cuyama River, though longer than the' 
Sisquoc and draining a blUCh larger area, has developed no appreciable· 
alluvial plain within the area here considered. BordeTing the Santa. 
Maria plain on the north. and 'south are relatively elevated tenace' 
areas Teferred to ~s the Nipomo upland and the Orcutt upland,. 
respectively. The Nipomo upland borders and rises gently northward~ 
to the westward extension of the San Rafael Mountains; the Orcutt· 
upland bordeTs and rises gently southward to the Solomon and' 
Oasmalia Hills. Most of the plains, and little of the upland areas,. are­
extensively cultivated and Tepresent the largest single agricultural. 
district .in Santa Barbara County. , ..... ' .' .. ' . 

Between the mountains, which are composed mainly of consolidated~ 
.:rocks, the upllpds and alluvial plains. as a whole are underlain by a· 
largf? mass of unconsolidated deposits which contain a single, large,.. 
ground-water body. This body, herein designated the' main water, 
body, supplies water to mo~e than 700 irrigation, public suppiy, and. 
industrial wells whose aggregate net draft in 1944 was about 65,000' 
acre~e~. . 

RISTOR Y .AND CULTURAL DEVELOPMENT 

The principal community' inthl3 are,a is the City of Santa Marii, 
(originally named Central City), fOUlided in 1876, and situated on th~' 
Santa Maria plain 12, miles f~'om' the coast. It lies astride U. S;. 
Highway 101 at its junctions with State Highway 166. Nine miles; 
to the w~st is. the town of Guadalupe, founded in 1872, and situated. 
on State High.way 1 and on ,the coastal line of the Southern Pacilic' 
railroad, which was completed in 1901. The .Santa Maria Valley' 
Railroad cODllectsSanta Marill, and th~"sugar beet refinery at Better~ 
a,ria with the Southern Pacific railroadat Guadalupe. About 5 miles· 
south of Santa Maria is the small oil town of Orcutt on State Highway' 
1; and 6 miles north of E;;a~lta Mariaisthtl_sll1~ll agricultural comniunity­
of Nipomo on U. S. Highway 101. On the plain of the Sisquoc RiveT 9, 
miles southeast of Santa Maria are th~ small towns of Garey and~ 
Sisquoc, both on State Highway 140. 

The first settlers were the Spanish in'abOut 1840. The large rand: 
grants ,established thereafter' are shown on plate 1. Amo;ug the· 
larger of these are the Ranchos Guadalupe, Nipomo, Punta de la: 
Laguna, Tepusquet, and Sisquoc; American pioneers arrived in about' 
·1865 and since then have purchased most of th~ land comprising the 
old Ranchos. The early Spanish settlers raised mostly cattle and. 
feed, but during the drought of 1863-64th,ey lost heavily and the 
liquidation of the large grft,u;ts began, 

INTRODUCTION 5 

USE OF GROUND WATER 
.". '\ 

Essentially all the inigated acreage, the' major industries, and all 
public water-supply systems depend upo~ water from wells which tap 
the large ground-water reservoir, .o~mam water body. ~y faT the 
greatest demand upon this re~ervoll' 1S made by truck farmmg. Over 
300 irrigation wells supply water to about 35,.0°0 acres of land. Upon 
this land one or two crops of lettuce, cauli:fl.ower, carrots, or other 

. vegetables are raised each year,' In addition, alfalfa, flowers for seed, 
. and sugar beets ar.e raised. The sugar beets are processed at the 

refinery at Betteravia, ,which is supplied with water from a battery 
. of 10 wells along the north edge of Guadalupe Lake. 

The city of Santa Maria derives its water supply from three wells 
. about 4 miles south. of the city. Also, the towns of ~uadalupe, 

Orcutt, Betteravia,and Sisquoc derive their wat~r supply from wells. 
The towns of Garey and Nipomo have no pubh.c water-supply sys­
tems and obtain their water from domestic wells, as do the numerous 

. farms throughout the area. ..... 
There are several major oil fields.in the area as follows: the Santa 

Maria Valley oil field, immediately south of and exten.ding both east 
a~d. west from the city of Santa Maria; the Orcutt oil field, on the 
crest of the Solomon Hills due s?uth of the town of Orcutt; a~d the 
Cat Canyon oil fields about 2 miles south of the town of S1SqUOC. 
JvIost of the oil produced by the major companies is transported out 
of the area ill crude form by tl~uck, rail, or pipeline. However, near 

, the city of Santa Maria there are several sma~ Tefineries t~at process 
a considerable quantity of oil. . Water used m the refinlllg process 
and in oil-field operations is furnished entirely from wells. 
. Other principal industries. in the area that depend u,P0n ground~ 
water supply are the vegetable-packing plan~sand the lCe-manufac,­
-turing plants at Guadalupe and at Santa Mana, 

PURPO~~ AND SCOPE OF THE INVESTIGATION AND REPORT 

The inv~stigations of which this report is the third were be~un ~j 
.the Geological Survey, United States Department of the Intenor, 1U 

January 1941 in cooperation with Santa Barbara County. Thefirst 
two parts deal with the Santa Ynez River valley and the south-coast 
basins, respectively, and results are embodied in two reports by Upson 
and Thomasson (Upson and Thomasson, 1951; and Upson, 1951/, 
This report gives the results or the investigation ~ the Santa M~l'1a 
Valley area .. It' has been carried on by the Geolog1cal Survey, Uruted 
States Department of the Interior, under the. direction of O. E. 
Meinzer, geologist in charge of thfl Ground Water Branch; and under 
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6 GEOL.OGY AND GROUND-WATER, SANTA MARIA VALLEY, CALIF. 

t,he genentl supel~vision. of .A. lvI. Piper, district geologist ill charge 
of ground-water mvestlgatlOns on the Pacific coast. 
. ~he ~-{Testlgat~onwasbegun in 1941 with the general objectives of 
estImatmg the YIeld of the ground-water b.asin supporting irrigation: 
and. of evaluating the possibility or presence of sea-water conta:inina~ 
tion of the ground-water bodies. The investigation 'was also related to. 
broad pl£LllSl for the ,county-wide utilization of water resources under 
w~ch it is proposed to construct reservoirs on the Cuyama and Sisquoc 
RlVers for purposes of controlling floods, and stori)1g or detaining flood 
waters that can be released for replenishment of ground~water reser­
voirs dovmstream. Thus, the :investigation was also directed toward 
the solution of problems perta:ining to the amount and distribution of 
runoff :in the two rivers and to replen{shment of ground-water bodies 
from them. . . . 1 . 

'. Accordingly, the ground-water and surface-water phases of the' 
·work had somewhat different scopes. The·detailed study of the geol- . 
Dgy, grou;ud~water conditions and resources,. and rIver-seepage losses 
was restrIcted to the Santa Maria Valley area, as here de:fuled and 
shown on plate 1 ; 'whereas the study of runoff concerned the entire· 
drainage basins of the Cuyama and Sisquoc Rivers, a total area of 
al)out 1,600 squatemiles; shown on plate' 4. 

Specifically, this report describes the geology of the Santa Maria. 
Valley area as it pertains to the occurrence of ground water; the report. 
sun:marizes th~ runoff from the Cuyama and Sisquoc River drainage 
basms) an,d estImates the seepage losses to ground water in the lower 
Sisquoc, Cuyama, and Santa Maria River channels; it describes the 
occurrence, . source, movement, and natural discharge of ground···· 
water; it estiinates the amount of discharge,' 'both natural and artificial' 
it discusses the quality of the ground 'w-atel' and the possibility of sea: 
water contamination; and it estimates the perennial yield. of the 
ground-water basin. . . . . -

The collection of basic gto11lld-watei' do,ta was begun by the Geo-. 
logical Survey in the spring ,of 1941 and has been. carried on to date. 
Records of stream flow were made in 1903~OS,. and from 1929 to date', 
The geologic field work was begun in January 1944 and carried on 
intermittently until September 1945. . 

1 Water.resow·ces and utilization, Santa Maria, Santa Ynez, audreJa~ed basins, U. S. Dept. Intetior,.Bur. 
Recla:natlDn, Harry W. Basbore, Oo=issioner, O. E. Oarey, Director o[region 2: Mimeograpbed project 
planlllng rept. No. 2-3.1-0,. Pl'. 27-29, June 1945. . 

INTRODUCTION 7 

C'UMATE 

The climate of the Santa Maria Valley area is characterized by a wet 
and a dry season. The average annual rainfall over the area varies 
considerably, but in general the lowland areas receive less rain than the 

· surroUIlding mountains. . About 9S percent of the rainfall occurs dur­
ing the seven months from October through April, during which time 
the heaviest rainfall originates .. from storms moving -ill from the 

. - • Pacific Ocean. . ' . 
The temperature variesco)lsiderably between winter and s~mer, 

but. the mean annual temperature is about 60° F., During the winter. 
temperatures below freezing ate infreque:q.t and usually occur during· 
the night. On the other hand, the summers are mild with tempera­
tures usually in the 7Ci'~. Only Oil the rare occasions when hot winds 
sweep seaward f~oJJ1 the valleys of central California does .the tempera- . 
ture approach 1000 F. 

The prevailing winds are from the northwest, and during the summer 
· months these winds bf':ing heavy fogs which extend . like long white 
fingers into the coastal valleys .. The fog usually appears in the even-

· ingand lasts until .about nOOll the following day, atwruch time it is 
"burned off" by the sun: . Because the fog acts as an insiJlator against 

·.heat froni the SuIl, it is beneficial to some types of crops. 
Records of i'ainfall and of other detailed climatological data for 

,Santa Barbara County have been prese)lted in anotl;16r report (Upson, 
Water-Supply Paper nos, in- preparation). However, there are 
presented in table 1. records of nlinfall at six ~ta:tibns whose loctlltions 
ai'e shown on plate 4, The records show· the seasonal distribution ,th~ 

, ' . ' ) 

monthly quantities, and the variations 111 quantity of ram£aU with 
· .altitude. 
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TABLE 1.-Monthly and yearly precipitation, in inches, at 6 ~iations in the Santa' Maria Valley {],1'ea, California 

,Vater year I 0 t b \ 
Novem·.\ Dece. m. -I· rauu-\ Febru'l M' rch I coer ber ber ary :lry . a 

184-85 ______________________________ 
185-86 ______________________________ 0 
186-87 ____________________________ ~_ .06 
187-88. ___ - _ - - - - - - - - - - - - - - - - - - - - - - - -- .40 
188-89 ______________________________ 0 

l89-90 ______________________________ 7. 53 
NO-91 _____________ ~ ________________ 70 
391-92 _______ ~ ______________________ 0 
;92-93 __________ - - - - - -'- - - - - -- - - - - --- 35 
;93-940. ______ - ----- --- - -- ---- -- ~- --- 65 

194-95 _______ " ______________________ 68 
195-96 _______ - __ - - - - - - - -- - - - - - - - - - - - 65 
19{)-97 _________________ ~----:..------- 60 
197-98 ______________________________ 67 
198-99 c _________ - - - - - - - - - c - - '-- - - -'- -- 30 

199-1900c ___________________________ 1. 86 
lOO-OI ________________________ ~ _____ 65 
101--02 ______________________________ 1. 60 
m2-03 __________________ ~ ___________ 1. 02 
lO3-04 _____________________ ~ ________ T 

-104-05 _____ : ________________________ 1. 25 
)05--06 ______________________________ 15 
l06-07 __________ ~ ___ ~~~ _____________ 0 
)07-08 ______________________________ 3. 57 
)08-09 ________________ • -:- -- --- - - ---- .52 
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TABLE l.-M onthly and yearly precipitation, in inc;hes, an} s·tations in the Santa, 111 aria .Valley area, California-Continued 

'1-' 
o 

.Q 

Water year IOt~' 1 Novem"j DeeB~"1 Janu'j Febru.' March I AP,ril.1 May. I June \. Juiy I ~Ug';"t I Sap, --I Annual :s . coer .' ber' ber: ary ary . . tember." S 
. . . . . . . 

Santa Maria (altitude 217 feet)-C~l).tinued 

39-40 ______________________________ O. 46 1.03 1. 30 5.41 2 .. '6'7 1.98 1.74 0 0 0 T 
40-41~ ___ ,_ - ____ . ______ - -, __ - - - _____ ._ .. 73 .. 12 5.25 ' 5. 04 6. -83 8.72 3.86 ,.07 T .09 ,.03 
41-42 __________ ~ ___________ . _______ 1.'04 .. 32 7>50 1. 78' 1. 30 2. 04 2.82 .11 0 Q .02 42-43 ___ . __________ ~.; ______ . _________ .. 82 '.84 2.94 7.23 1. 27 3.04 1. 06 .'02 O· 0 0 
43~44 ________ . __________________ --~ L 05 .47 3. 09 1. 32 '4. 69 1. '36 2. 46 .11. .01 0 0 

44:--,4,5- ____ • ______ -. ---'- - --- _" __ ~ ____ .12 2.26 ' 1. 90 .61 2.87 3. 27 .11 .04 .11 0 .02 

• : Betteravia (altitude 155 feet) % 

9Jl-97 ______________________ · _____________________________ ~-- _____ ~ __ . ______ ._.-- __ ~ _____ . ___ .: ____ • ______ _ 
9!l-98: ___ • ________________ ~ ______ ._ 0.67 0.03'0,55 1. 44 L 00 0.65 0.02 L 14 0 0 0 
~S"7gg-------------------------_---- .30 .05 .64 3.49.52 B.88 1. 02 .44 0 0 0 
\Hl:-1900 ________________ -~---------~ 1. 36 1. 02 .73 . &3 ·.13 1.'94 ,.67 L 10 0 0 0 . 
dQ-;OL_~ ____________ ~ ____ ._.:._______ ,47 3.53 .11 3.96 2.75 .31 1. 53 ,45 0 0 .03 

.. ~, . 

)5-07~_' __ ~.:.~ ~ ~_,_.~ ~ _____ ~ _~ _ :. ____ ~~_ () 
)7-08 __ '_~,_..: __ .:._~ _____ ~ ___________ ..:__ .95 
)8-09 ___ .:.~~ _________ ~ __ -- ________ ._ 40 
)9-10 __ - -- - -,-- _ ---' ____ ' ___________ . _ 54 
l,(}-fL- --- ----- ~-- -- --- ---_ -__ _ _ ___ -.. 6.3 

~ m~ ~ ~:~: ::~:::~:~ -~ ~:~: ~~::~ ~:~ . i- 02 

(~:.i'7. __ ~ ________ . _________ --- _____ 1. 78 
17-18______________________________ ,08 
1;8-19______________________________ .63. 
H}-20 ____ ~ ________ .----_____________ 17' 
&oc..2L _______ ~_____________________ .65 

" . 21-22 __ ~ _..: __________ ,- _____________ _ 
22-23":',: _.:. ____ '_ ~ ___ :. __ _" _____ .-- ____ _ 
23-24 _____ .- _ ~ ______ . __ ~ __ ' __________ _ 
24-25 ___________ ' __________________ _ 
i5-26 _____________________________ _ 

211-27: ________________________ :. __ ._ 
27-~8-----------..:~ _____________ _'_._ 
~-29:-------------.:.--- ___________ _ 
2~~30------------------ ___________ _ 
~0-31 __________ c ___ ~ _______ ~ ______ _ 

" 

~J-32------------- ________________ _ 

tt~~==== === = ===== ==== ==== = === ==== = }.t-35 ___ - ________________ ~ ________ _ 
3,{i-36-- _________ .:. ________ ,- ________ _ 

Bee footnotes at eI\d oltable. 
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TABLE. 1.-M onthly and yearly precipitation, in inches, at 8 station~ in the Santa Maria Valley area, California-Continued )--1. .' . . . tv 

Water ye?-f. I October I N~:~m-I Dbc;rID- j J~;~- j F~~~u-I March I April j May I June j ,July I Augustj te':~~r ) Annual 

. !\ 
Bet-teravia (altitude .155' feet)-Contin ued 

.936-37 _________________________ ~ ____ L 31 0 5,84 3. 28 3.93 3.76 0.34 0 0 0 0 0 18.46 

.937~3.8 _______________ ~ ______________ ; 33 .41 2.79 4.38 6: 49' 4. 01 L 42 0 0 0 0 .93 20.76 938-39 ______________________________ : tn .31 1. 79 3.56 1. 99 2. 77 .40 .04 T T 0 2.01 13.18 
939~40 _______ ~ ______________________ 53 . 86 1. 50 3.96 2.76 . I. 89 .54 0 0 0 T 0 12.04 940-41 ______________________________ . 62 .16 5 . 16 5.09 7.48 7.55 3. 03 .07 0 .04 .09 0 29. 29 

941-42 ______________ ~ _______________ 1. 04 .32 6. 80 .1.93 1. 19 2.16 2.26 15 0 0 T 0 15.85 942-43 ______________________________ 1. 05 .71 1. 68 6.39 1.24 2.20 1.08 T 0 0 0 0 14.35 943-44 ______________________________ 1. 05 .22 3.20· 1.29 5. 00 .66 1.59 .09 0 0 0 0 13. 10 
944-45- ___________ ~c--------~------- .32 2. 03 1.73 .87 2.43 3.76 .09 0 .16 0 0 0 11. 39 

Q 
tel 
o 
I;""' 
o 
Q 

t-4 
:» 
':z: 
tJ 
Q 
P:I o 

~ 
~ --------------------------.--. ----------- >-3 

:47-year average _____________________ ~c __ ~ ______ . __________________________________________________________ 13.98 tel 
16-year average.; 1930-45 _____ c ______ ~ __ --.C--- ___ ~ ______________________ ---. __ ~ ____ ~ _______________ ~ ______ 14.47 JxI 

Suey Ranch (altitude 500 feet) , 

908-0.9. __ ~' ______________________ ~ _____ . __ ~ _____ ~ _________ . ______ ~ __________ ~ ______ . _________ _ 0 0 o . 
909-10 ______ ~ _______________________ 0" 2.62.5.11 4.90 0.75 3.83 0.53 0 0 0 0 .80 18. 54 
910-11. _____________________________ '.63 .45 .18 8.55 4.00 7.25 1. 10 0 0 0 0 0 22.16 
9117'12 _____________ - ________________ 0 .24 2.10 1.90 0 4. 68 1. 12 L 83 0 0 0 0 11. 87 
912-:-1;~------------------------_----- ,0 '.87 0 2; 50 1.54 .90 .25 .13 .10 .15 1. 90 0 '834 

913-14. ______________________________ 0 3.63 3. 05 11. 75 2. 15 l- IS 10 05 25 0 0 .0 22. 13 914-11-; ______________________________ 0 0 5. 68 5. 72 6. 80 38 2. 40 1.35 0 0 0 0 22. 33 
915~16 ______ : ___________ ~ ___________ 0 22 3. 55 10. 65 1. 00 1. 72 0 0 0 0 0 2. 05 19.20 
;):r6-17~ _____________________________ 1. 81 44 5. 75 1. 75 2. 27 0 63 18 0 0 0 0 12:.83 
dlE18------------ __________________ 0 18 25 .. 85 11. 98 4. 34 0 0 0 0 0 .25 17.85 

.' ., .,. 9.70 118-19_ . 
1I9:::;20~~~ ~".c._~',:._,: :o.~~_~ ~ ~ ___ .:_::,~ _~ __ " 9.81 
12~21~~ ________ ~ _______________ ~ __ L 15 12, 33 
121-22_ ~ __ ~ ____________________ ~ ____ 0 15. 09 
1~2-23~ _______________ ~~---~-------- 2. 08 14.88 

123-24 __________________ . ____________ o ' 30 59 51 40 3. 51 78 0 0 0 0 0 6,09 

124-~5------------~----------------- L 08 1. 17 L 68 L 89 2.24 2. 77 2. 86 1. 58 22 0 0 0 15.49 
125;--26 ______________________________ '.30 L 30 1. 05 1. 79 4. 2.5 < 27 2. 70 0 0 0 0 0 11.67 
126:".27 _____ " ________________________ ,.53 2 .. 43 .. 55 1. 79 5.21 2. 17 1. 13. 0 0 0 0 0 13, 81 
i27 - 28'_ ~ ____________________________ 2. 86 L 00 3. 69 15 2. 22 4. 30 i. 75 ·0 0 0 0 0 15. 97 

'.2&--2.1L ________________ ~ _____ ~ _ ~ ___ ~ 14 3. 10 1. 22 l. 90 1.40 1. 54 75 0 22 0 0 0 10. 27 

2~;:-30-------~------~~~--~-~------~- O. 0 22 3. 58 1. 43 3.01 55 1.- 38 30 0 0 0 10. 47 
3'O~31 _________ ~ _ ~ ________ ~ ~ ____ ~ __ 0 1. 71 0 3. 96 1. 39 .27 .27 1. 28 0 0 0 0 8.88 
3)-32 ______________ ----------- ____ 0 2. 99 6. 70 3. 07 3. 55 67 .67 .27' 0 0 0 0 17. 92 
32--33 ______________ ._. _. ~ ___ ~. _____ 0 .22 1.20 6. 07 .20 .80 19 .09 2. 53 0 0 0 11.30 ~ 

>-3 
'33-34 ____________________ • ________ 0 0 3. 28 1. 09 2. 10 .83. 0 0 1. 44 9 0 0 8. 74 ~ 

0 
3if.--35 ______________________ ~ __ .:. _. __ 2 .. 17 4. 98 2. 01 3. 94 1.39 3. 44 2. 62 0 0 0 0 0 20.55 t:! 
,35-36 ____________ ' ___ ._ ~ ____________ .60 2. 28 1.. 24 1. 13 5. 14 1.32 1. 23 .20 0 0 0 0 13. 14 q 

0 3&-37 _________ : __ ~ __ " _____________ 1, 33 0 6. 30 3,51 4. 62 4.32 .. 47 0 0 0 0 0 20. 55 .>-3 
37-38 __________ ~. ___________________ 17 . 26 3 . 11 4. 40 i 74 5. 36 2. 10 0 0 0 a 46 23 .. 60 H 

0 
':z: 

38-39 _______________________ c ______ 19 .20 1. 62 3, 38 2. 39 2. 25 .. 32 02 0 0 0 88 11.25 
39-40~ _______ ~ ________________ ~ ____ ,62 L 06 L 58 6,18 3. 16 1. 64 1. 74 0 0 d 0 0 15. 98 
40-41 ________________ -------------- ,72 04 5,34 4. 31 K46 7.36' 3.65 08 0 14 11 0' 30.-27 
41""':42 _________ . _____________________ :86 28 7. 39 1, 69 1.34 1.46 4. 08 42 0 0 0 0 17.52 
42-:-43 ______________ ~ ______________ . 64 1. 05 3. 55 7. 02 1.26 3. 93 1 . 62 0 0 0 0 0 19. 07 

43-:-44 ________________________ ~ ____ 1.14 ,31 3. 55 1. 77 5. 35 .84 1. 49 15 0 0 0 0 14. 60 
44-:-45 ______________________ , ___ ~ ___ ,40 1- 99 1. 74 56 3.47 3. 66 .09 04 10 0 T 02 i2.07 

36-year average __ .~ _____ . _________ ------ -- --- ----- 15. 17 
16-year average, 1930-45 _______ :_ ------ ----- ------ ------:- ------ ---- ------ ----- 15.99 

See footnotes at end of table. 
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TABLE I.-Monthly and yearly precipitation, in inches, at 6' stations in the Santa Marla Valley area, . California-Continued 

Wa.ter year .\ October I Novem-! Decem·l JaD.U-\ FebrD..\ M~rCh !APril:\ May j June )Jer. ber 'sry sry I· July !AUgust 1 te~b~r lAD1lual 

Sis.quoc Ranch (altitude 600 feet) 2 

903.-04 ____ ~~ _____ ---------------·---- _________ ~~ _______ . 0.99 
904~05 ___________________ -----------. 1. 00 O.Op 1. 78 .1.42 
~05-06--------"-.-----------~----.:--- .27 1.10 0 2,70 
~0lJ:_07 ______ ~ ____ c __________________ 0.·' .25 4. 86 11, 79 
g07~08 ______________ ~ _____ " _ __ __ _ ___ 3. 73 0 1. 38 4. 97 

908:...09 ______ ~_" ____________________ _ 
;}09..,10 _____________________________ _ 
~10-1L _______ ~ _____ .:. ______________ _ 
,)1 1-12 _____________________ . ________ _ 

1. 13 
.95 
.36 

o 

15. SO 
2.15 
7. S5 
.• SO' 

'1. 43 3.81 
6. 63 ·8.71 
S,'02 8..76 
1.48 3.48 
4. 18 .34 

7.63 5.15 
.45 4.:14 

4. 34 11. 11 
0 .5.46 

2. 73 
.75 
.52 

0 
.32 

0 
0 
.48 

1. 92 

O. 10 T 0 1. 30 
2.10 0 . O .. 0 

.1. 30 0 0 0 
0 .10 0 0 
0 0 0 '0 

0 0 0 0 
0 0 .10' 0 
0 0 0 0 
.41 0 0 0 

3. 73 
.01 

0 
0 
1, 90 

T 
1. 09 
T 
0 

22.45 
19,67 
,21. 96 
16.82 

32. 62 
19.39 

. 24. 79 
10. Hi 

Q 
t9 
o 
b 
~ 

~ 
Q 
P:I 
o 

~ 
H3:-14 ______________________________ 0 2.28 2.37 11.06 4: 02 .9.6 0 0 .41 0 0 0 21. 10 ~ 
ni1-:J}~------------------------------ 0 T 4. 77 4.33 8.60 .83 1. 11 1. 32 0 ________ ~ __________ 3 20. 96 ~ 

2. 87 .74 0 0 .38 0 1. 02 .10 7. 56 dl~-13 ______________________ c __ ~ ___ _ 

1.66" 
8.42 
.55 

L 40 
.20 

L 25 
2. 09 
.10 
.17 
.36 1. S9 o 

~~t~t=======·========~=======;===== ~=====.=.===== ====== ==.==== ====== ====~= ====== =~==== ====== ===~== ====== ======: ~g:!~ Jd ~t:::::::::::::::::::: ::::::~::: :::::: :::::: :::::, :::::::::::: :::::' :::::: ::.:::: :::::: :::::: :::::: :::::: • · ~~; ~ 
~~~=g~==============================. -·0---- --:;i2- "3:08~ -4.-59- -8.-43- -4:89- -i~60- -6---- -0---- gg ~. 17 . 3 ~l: f~ t'~ 
}38-39'~ __________ ,-------------------, 0 0 2.82 0 .2.41 0 0 0 0 0 0 1. 70 6.93"... 

~J.\f';40 _____ , ___ ._, _. ___ • ____________ . 0 .85 1. 95 6. 66 2. 82 2. 44 2-. 22- 0 0 
140-41 _____ ~ _____ • _______ , ~. _________ 94 .19 5. 49 8. 21 8. 93 8. 41 4. 52 0 0 

~a~tt= === == ==== == ====.=== = == ======= 

1. 01 36 8.32 1. 57 56 2. 13 3. 62 0 0 
.. 76 1. 42 O. 54 5. 68 1. 75 3. 46 1. 35 0 0 
.. 93 18 3. 58 1. 66 7. 04 80 1. 48 , 10 0 

0 0 .Q 16.94 
0 0 .. 20 36.89 
0 0 0 17.57 
0 O· 0 17·.96 
0 0 0 15.71 

144~45 ___ ; ___ ' __________ -" _____ ~ _____ ~. .. 
• 41 3. 64 1. 73 0 4 . 05 3 . .75 13 05 0 0 0 0 13. 76 
-- ---- ------

- ------ -- 17.86 . .. ~."' __ .F"" .. _ .. 
..... _.~25~year .average" __ ~ __ ~:"_;.--~~---.---.--·- ---:..--c ___ ._:- __ . ___ . ___ -'-'-: ___ -__ ~ __ . ______________ ' 

~ ( .. :: ~ - ~:. ; '. -- _ .. - - -, .. -_.-. 

.... 

. 9I9:-20·~..: __ .:._.:.._~· ___ ' _______ ..:_~~ ____ ~ ______________________________________ ~----:~ ------ --~--- 0,' 0 

.920-2L ___ .:. __ .:. _______ · _____ ~ __________ 0.43 0.54 L 59 L 38 2. 33 O~ 64 0.32 L 46 0 0 g 

.921~22 ______ .:. ________ ·_:'_.:. _____ ·_:.. ____ .. 05. .65 5col 3.90 2.97 2,50 '.22 .35 0 .g .0 

.922-23______________________________ .33 1.66 3.58 L 91 1. 06 ,18 3.97 .05 0 0 0 

.923-24 _______ :. ___ ..: ________ -.:.-------- ,12 .. 06 .62 .63 ,50 3.14 L 00 .01 0-

0 
,44 9. 13 

0 15.95 
.23 12.97 
.06 6.14· 

.924-:25 ___ · ____________________ :..______ .76 .78 L 85 Z.56 1. 34 3,61 2.. 09. 1. 71 .05 ,02.01 .01 14.'79 

:~~t:~g===::=::::=:::===:=::========: __ ~=~_ -~._~:~_. -='-~=- -=~~:- -:'-==- --'-:~- =====: ==:=== ====== ====== ====== --~36- :=i:~i .. . 930-3i _____________ ~ _____ ~ ___________ 0 1.13 0 . 4.26 1.'33 .14 .36 .55 0 0 ,51. °,05 15.02 ' 
.931~327------------.:.---------------- .06 2.56 5.88 3.41 2.56 .05 .10 ',30 ,05 0 0 

.932-33 ________ ~ ________ ------------- 0 ,07 1. 22 5.45 .45 .61 .10 ,27 1. 53 0 0 0 9.70 

.933~3~L _____ ' __________ .:. ______ ' _______ ,41 6 3.20 0 1. 75 .19 ,05 . 04 .94 . 0 0 ,07 6. 65 
!2! .934-:35 ____________ . __________________ ~. 67 i. '13 1. 19 4. 39 1. 09 3. 22 3. 12 0 0 0 ,31 .17 16.89 

:~~t~~=::~: ::=:: ;::= = = = =::::= =: =: =:: .33 1.83 1. 31 1.10 5.39 1.47 .55 .70 ,25 ,13 0 .10 13.16 8 
P:I 

1,21 0 4. 76 2: 97 ·3.10 3. 90 .27 0 0 0 0 0 '16.21 0 
t:; 

937-38 __ ~ __ ..: _~ ___________ ' ___________ ,12 .27 2.24 4.24 .6. 17· 3.26 1. 28 .03 0 .0 0 .58 18.19 
q 
0-

.93&-::39 ______ ---:- -- _ 7 __ --- - ---- ______ .35 .32 1.38 3.08 1. (31 2·07 .32 ,05 0 0 0 L 27 ·10.45 8 

,90 .35 .0 0 0 0 0 9.97 H .939-40 __________________________ ---- ,75 1. 19 3:39 2.00 1. 39 0 

940-41 ___________ ~ ______ ------------ ,39 .16 3. 98 4. 95 6.04 5.86 . 2.68 . .0 .0 0 0 0 24. 06 Z 
941~2 _____________ -_--------------- 1. 06 .2.0 6.75 1.::20 ,69 1.22 2.28 . .08 0 0 .01 0 1~. 49.-

942-43 _______ ~ ____ ~--------~ ________ .. 72 .42 1. 42 4. 52 1. 00 1:48 .97 0 0- .0 0 : 0 10. 53 
94-3-44 _______ ~ __________ :.. ___________ .91 ,32 2. 70 1.13 3.'92 .27 1. 24 .09 .0 0 .0 0 10.58 
944-:45 ___________ ~ _______ --_-------- ,05 1. 47 1.45 .40 3. 44 2~46 0 0 0 0 .02 .39 9.68 

-------- --
20-year average _____________ . _____ -- --- ----- ------ --- - ----- - ---- - --- - - --- --"---- ------ 12.59 

Nipomo (altitude 330 feet) , 

0 0 0 
0 0 : 51 12.78 
0 0 0 15.94 
0 0 .42 .15.95 
.14 0 0 6.25 i--' 

919-20 ___________________ · ____________ ---- _____________ ------ ------ ------ ------ ------ ------: 
92.0-21- ________ .: ___ .----:.: ____________ 0.70 1.02' L 90 3.36 l. 69 1.46 0.20 L 94 0 
92t~2--------------~--------------~ .12' .05 4. 73 3.69 3 .. 47 3.21 .25 ..42 0 
92 23______________________________ .54 2.27' 4. 23 2.30 .95 .18 4.97 0 .09 
923-24______________________________ .11 .28 I· .31' .85 ,,50 3.45 '.61 .0 0 

See footnotes at and of tabla .. 01 
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'18 GEOLOGY AND GROUND.-WATER, SANTA MARIA. V.ALLEY, OALIF.· 

Mr. York Pe~erson, engineer of the city of Santa Maria, and Mr. A. A. 
Howard water plant superintendent, furnished records of water-level· , . . 
measurements and of pumpage for the city pumping plant, 

Valuable information and time were donated by 1\.1r. 0. J. Longwell, ." 
a water-well driller,. and Mr. W.O. Matthews, Byron-Jackson pUl;np . 
dealer, both of whom supplied many water-well logs. The cooperation 
and SUPPO):t giveI). by ranchers and residents were greatly appreciated.· 

The portion of the geology shown on plate 1 and lying south of th~ 
Santa Maria and Sisquoc Rivers is in large part after W oodrm.g 
(Woodring, Bramlette, and Lohman) .. Much valuable information is. 

. presented in Lippincott's 3 report, and it has been of great value. in'·· . 
analyzing the hydrologic conditions of the area. ' . 

The writers acknowledge the advice and criticism of their colleagues 
of the Geological Survey in the prepru:ation of this report. The report 
as a whole was improved by J. F. P()land and J. E. Upson,. the secti~n . 
oli quality of water was amended by A: A. Garrett, and the section oJ:} . 
pumpage was improved by Penn P. Livingston, all members of th~ '. 
Ground Water Branch. The section on surface-water resources wa~.: 
'Improved by H. M. Stafford of the Surface Water Branch. . 

.. GEOLOGY 

'. LAND FORMS 

The Santa Maria Valley area is primarily the topographic expression' 
of underlying geologic structures modified by' the action of. stre~ms '. 

. and rivers. The valley area overlies a broad downfold, or synclmej . 
the bQrd~ring hills and mountains are ~he surface expression of anti~ .... ,:. .• 
clines 01' regional uplifts; , The 'northwest-trending extensiOli of the'.: ..... 
San Rafael Mountains is chiefly an uplift and forms the north border'; 
of the valley area; the Solomon and Oasmalia Hillsal'e on the axes of .. ' 
upfolds and f,Q;rm the south.botder. Between th~se ranges is the'.' 
broad lowland occupied by. the valleys of the SISqUOC and Santa 
Maria Rivers. This is the agricultillal'disttict and has asomewha . 
v~ried topography, many of whose features reveal elements of the 
geologic history 01' affect th,e occurrence alld, utilization or ground' 
water. 

LOWLANJ;>S· 

Alluvial plains.-There are two major alluvial plains in the 
one in the Santa Maria VaUey and the other in. the. Sisquoc ,'. 
and they are herein designated the Santa Maria plain and th~ Sisq,uo : 
plain, respectively' (pI. 1). Along the Cuyama River, owll;g.to its., 
constriction in a relatively narrow consolidated rock gorge Wlthin the:', 
area, are only small remnants of an alluvial pfain, which are relativ:elr· .••• 

I Lippincott, J, B., op.·cit .• lQ31. 

GEOLOGY'· :19 

unimpo~,tant· by yo:r;nparisQn with those of the valleys of the Santa 
Maria and Sisquoc Rivers.. ; ',' 
. The Santa Maria plain' e~tends from Fugler Point on the east to 

'. the sand dunes and thePacino Ocean ou· the west-a dist~.ce of about 
. 20 miles. It 'includes the wedge-shaped parto! the alluvial .pla0-
lying 'northwest of ·the river. in S,an .Luis Obispo .Count!, whlCh ~s 

· knownJocally as the Oso Flaco dIstnct. The plrun attams a maXl~ 
. mum width of more than 5 miles in the vicinity of Guadalupe and 

has an area of about 36,000 acres. It is a gently inclined, nearly 
· level surface,' which reaches a maximum elevation of 350 feet at 

. ·.Fugler Point and ·has. an average westward gradien~ of. ab.out 17 feet·. 
. per mile. It js the principal i1'rigat~d agr~c~tur~l distnct lD. the area, 
.. and is supplied with wats1' by nearly 300 ll'ngatl.onwells. . 

, Along the south side of the.plain, an~ ext~ndin.g from U. S. High­
·".·way 101 to·the mouth of the Santa Marla RIver, IS a~.old channel of 

the river known as Green Oanyon (pI. 1). Because It has beel;). an 
· iJiactive channel during historic time and,. fUrther, bElcause it has been 
under cultivation for many years, it is .hereiIi considered as a part of 
the alluvial plain. 

The Sisquoc plain begins at La Bre'a Oreek, at an elevation of a1:>out 
540 feet, axid extends downstream. ~ong the south side of the river to 
·Fugler Point-a distance of about 8 miles'. It h~, a m~imumV\~idth 
. of about 3,500 feet in the vicinity of the town. of SlSquoc, IS a tela.tlvely 
flat surface, which has a gradiel!-t of about 24 feet,permile, and slop~s 
.slightly both downstream and toward the river. The surface area 18 

.3, little more than 2,000 a c:r es , mostof which is irrigated by 17 wells. 
. .".: .River channels.-The Sisquoc,Ouyama, and Santa Maria; Rivers 
..' . all maintain relatively wide and distinct ,channels within the limits 
'.' . of'the area (pI. 1). The Sisquoc and Ouyama Ri:VElrs join at Fugler 
.': Point'to form the Santa' Maria River, . Their channels are essentially 
' .. dry washes supporting little or no vegetationj they hav:e appreciable 
· flow, only during .the. wet :winter montl.1s, and then mainly during 

·.·>floods. . . 
... The Santa Maria River channel is approiimatelY'22 miles long and 

.. ' ha,s an aver.age seaward gradient of.. about 1'M~ feet per mile. The 
" . lower. courses of.the Ouyama and Sisquoc ~ivers have gradients of. 
... ab6~t 1 9 and· 24 feet· per mile, respectively. The channels range in 
'~dth from a minimum of 750 feet 'at the mouth of the Ouyama River 
·:t; ~ maxim,um of 7,000 feet northwest of Santa Maria. The com­

·'bined surface area of the Sisquoc and Santa MB?ia River channels is 
· ab~ut II' 000 acres-about one-quarter of that of the adjacent alluvial .' , .' , .. plains. . " .' . 

'. . The surface of the channels of the Sisqu,?c River and of most of the 
.• ·:.Santa:Maria Riv61' is only 3 to 5 feet below the surface of.the alluv~al 
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20 GEOLOGY AND GROUND,MWATER, SANTA MARIA VALLEY, CALIF. 

~lains" and in times of extreme flood th,e riyers extend· laterally onto 
the plains, causing extensive property damage and depositing silt, 
and sand over the arable land .. For example, during ,the flood, of 
February 9, 1915, the water extended into the city of Santa Maria. 
N ear Guadalupe, however, the Santa Maria River has entrenohed 
itself from 10 to 20 feet below the surface of the plain, and is uS1;lally 
'confined by its banks. 

At the western end of the Santa Maria Valley, the river formerly 
had two outlets to, the ocean tl:U:ough the dune sand deposits-one 
through Oso Flaco Lake alongthe north edge of the yalley, which in ' 
recent years has been blocked; the other, farther south and west of 
Guadalupe. The abandoned channel leaves the present, channel 
about 3 miles upstream froni Guadalupe and follows the course, of 
'Oso Flaco Oreek, which drains'that portion' of the Santa Maria plain " 
lYing in San Luis Obispo Oounty, and which empties into Oso Flaco 
Lake '(pI. 1). Because the creek has insufficient discharge to mai:i:t~ 

tain all opening to the sea, drainage from the lake into the Pacific 
'Ocean takes' place by seepage tru:ough. the sand deposits that 
:them. 

The present outlet of the Santa Maria River is blocked by beach 
'sand during the summer months. The shallow lakes which form be~ 
llind the beach bar aresuppJied with water by discharge from a minor 
water body (p. 74), 'Only during the winter months when the ' 
1S at a relatively high stage is there a direct connection between the,' 
:river and the ocean.' 

Terrace sU1jaces.-,-The terrace sll.rfaces occur between the alluvial 
'Plains' aI).d the bordering hills and mountains, and are' often 
to locally as "mesas" or "uplands." Th~se are 
,quite distinct from but correlative With the numerous smaller 
nants of marine, terraces along the coast. " 

Inland iromthe ocean the terraces occur at two general levels, 40 
feet and 100 feet above the adjoining alluvial plains, and they are 
bereafter referred to as the 40-foot terrace and the 100-foot terrace,,« 
Tespectively. Of the two, the40-foot terrace is the younger, the better,:,: 
,developed, and the more widespread. In the canyon of the Sis 
River it is locally over 50 feet above tbe river channel. The 100-fo 
terrace is less extensive and is poorly developed; it is best obs 
southeast of Nipomo. However, west of Nipomo Oreek it is 
by dune sand. ' 

South of the Santa Maria plain the surfaces of the two 
plus the large area of dune sand together form th~ Orcutt upl 
North of the Santa Maria plain the ,large area of dune sand and 
100-foot terrace together form the Nipomo upland (pI. 1), 

GEOLOGY 21 

. Fairballks (1904,pp, 12 and 13) noted remp.ants of 10 marine ter­
:nces at heights of 10, 40; 60, 80, 100, 200, 350 1 570, 700, and 750 feet 
:above sea level. Of these the 40-foot and 100-foot terraces are prob­
:ably the marine equivalents Df the alluvial terraces in the Santa Maria 

, Valley area. ' " 
Sand dunes.-The saud dunes on the Nipomo, and Orcutt uplands 

at the west end of the Santa Maria plain form another prominent 
feature of the area. The sand dunes form a very irregular 

typical topography. The prevailing north1vest '.vind'is and has 
been the controlling agent in their formation and has elongated them 
in a northwest~southeast pattern, Withnumerous narrow closed dTain­

basms lying parallel to and contained between the ridges. The 
have gentle slopes on the northwest or windward side and steep 

:slopes on the southeast side, where the drifting sand spills over onto 
lee side or the dunes. . When the wind is blowing hard the rate 

sand spilling over the lee side of the active or moder:p. dunes becomes 
apid and ,the dunes are said to be "moving''' or ((drifting," In this 

manner the dunes have-"moved" inland from the beach and are, con-

. BORDERlNG RILLS AND MOUNT.A.J:i'rS 

San Rafael li1"ountains.-The most prominent mou:p.tain range in 
Barbara County is the San Rafael Mountains. Big Pine Moun­

which rises to an altitude of 6,828 feet, is the highest peak in the 
~lJ.d also the highest peak in the county. ' It is about 30 miles 

outheast of the area. From Big Pine Mountain the' crest of the 
e decreases in altitude gradually noi·thwest~vard. Itiorins the 

boundary of the Santa Maria Valley area, and there ,has an 
of 1,700 to 3,000 feet. , ' 

, ,The core of the range, which is composed of old and resistant rocks, 
~~high1y dissected and is characterized by deep ravines and knife-edge 

, jutting off at sharp angles to the axis of the range'. This jagged 
is further e:mphasized by large fault escarpments. Ad­

" t to the area, however, the topogra,.phy is less rugged for in general 
rocks are younger and less resistant. ' Plate 1 shows four major 

heading in the range., From east to west they are La Brea and 
quet Oreeks, which are tributaries of the lower Sisquoc River; 

Suey and Nipomo Oreeks, whic~ are tributaries of the Santa Maria 
, er. 

, ,.'The co~.rses of tue Sisquoc and Ouyama J0,ivers are outs.tanding 
. graphic anomalies, The Ouyama River, which :flows in a west­
direction on the north side of the Sierra Madre and the San Rafael 

OUJltalns (pI. 4), turns southward immediately below its junction 
Huasna Oreek and crOSSeS the axes of the ranges to join the 8is-
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22 GEOLOGY AND GROUNIJ~WATER, SANTA :MARIA VAL.LEY, CALIF. 

quoe River at Fugler Point. The Sisquoc River flowing westward 
heads between the two ranges and crosses the San Rafael Mountains, 
at an oblique angle east of the area shown on plate 1. Consequently, 
the drainage area of therivers covers parts of both the north and south, 
sides of the Sierra Madre and the San Rafael Mountains. N a part, 
of the Sisquoc drainage area is north of the Sierra Madre. 

Casmalia and Solomon Hills.-The Casmalia and Solomon Hills f 

whose crests form the southern drainage divide of., the area, are es-:, 
sentiallyone continuous range of hills extending westward from their' 
junction with ,theSaiJ. Rafael MOUl1tains near FoxenCanyonto the· 
Pacific Ocean (pI. 4). These hills are separated by a low saddle at ali 
altitude of 520 feet, known as Graciosa Divide: . 

The Soiomon Hills reach a maxim1lID altitude of about 1,620 feet" 
south of the town of Sisquoc. The hills consist ' of' a moderat~ly· 
resistant anticlinal core of Miocene and Pliocene shales whose topog.:. 
raphy is characterized by steep ravines and knife-edged ridges. The',' 
flanks are composed of relati:vely unconsolidated upper Pliocene and, 
Pleistocene gravel, sand, and clay whose topography is characterizecf., 
by rolling hills and moderate to deep gullies. Heads of many canyons;. 
and larger gullies ai'e amphitheatric in shape-a feature brought about' 

, by landslides. '. ' 
The Casmalia Bills are similar to the Solomon 1iillsin mOqt physio­

graphic respects. Mount Lospe is the highest peak and rise,S to all 
an altitude of about 1,640 feet-'-only 20 feet higher than the highest" 
peak in the Solomon, Hills. Northwest of Shuman Canyon, the'," 
Casmalia Hills veer to the northwest and older basement;'rocks crop'. 
out, . Arnold and Anderson (1907, p,19) describe this part of the hills., 
as follows; , 

The Casmalia Rills, partioulariy- that p;rtion north of Schumann [Shuman]', 
Canyon, have a di~tinct individuality among the topographic features of the basin· 
region, and may' be: regarded as a sepal'atealthougli small range allied in age and' 
character with the bounding ranges. It is conformable in trend with the Sanl 
Rafael J\/[ountains and forms a prominent headland jutting out 'to sea. ' , 

" 

This prominent headland,formecl. by the resistant core of the range" 
is Point Sal; its impressive cliffs, rise as high as 1,000 feet above the' 
sea. Both north and south of the point, wave action has'eaten moi'e, 
rapidly into the less 'resistant rocks composIDg the flanks of the r~nger 
and cliffs are less pronoUnced and. gradually merge with the valley 
plains. Although the heacUands suggest a coastline of emergence the-· 
adjacent valley fills of Recent age indicate that the coast line in reality': 
is one of submergence in Recent time. ," ' " 

From east to west the principal streams, draining, the north, flanlt& 
of the Casmalia and SolomonBiTIs are in FoxeD. Canyon, Cat Canyon~ 
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Geologic age 

Recent 

Pleis~ocene 

Stratigraphic units of the Santa Maria Valley area, California 

Formation and symbol on plate 2 Tbickness (feet) 

Dune sand (Qs) 0-100+ 

General lltbologic cbaract~r 

Sand, coarse to fine, well rounded, and in part 
actively drifting. 

·' 

Water-bearing properties 

Unconsolidated; locally yields water in very small 
quantity where it overlies clay or hardpan. 

- - - - - - Unconformity - - - - - -I-------I-~---------------------I----------------------------

River-channel deposits (Qrc) 0-25 ± 

Coarse gravel, sand, and some silt in the channels Unconso.1idated and generally above the zone of 
. of the Ouyama, Santa Maria, and Sisquoc water-table ll.uctuationsi permeability 154 to 
Rivers. Generally finer-grained in the Santa 1,060 gallons per day per: square foot deter-
Maria River than in the Sisquoc and Ouyama mined by laboratory tests. Enormous seepage 
Rivers. losses from Sisquoc and Santa Maria Rivers 

take place through these deposits. 
- - - - - - Unconformity - - - - - -1------1·---------------------1---:--------------------­

Gravel, sand, silt, and clay of fluvial origin except Unconsolidated; yields water to wells in quan-

Alluvium (Qal) 

- - - - .. - _ Uneonformity - -

Terrace deposits (Qt) 
" 

- - - - - - Unconiormity - - -

Orcutt formation (Qc) 

0-230 

- - -
0-75 

- - -

0-225 

locally near the coast where marine clays and tities up to 2,200 gallons per minute, out aver-
sands interfinger; underlies Santa Maria and ages about 1,000. Permeability 2,000 to 4,500 
Sisquoc plains. Composed of two members gallons per day per square foot det{jrmined from 
which are indistinguishable in the eastern part well tests. Upper member confines main 
of the area, but in the western part the upper water body in western part of area, where it is 
member becomes extremely fine-grained. not water yielding. 

Gravel, sand, silt, and clay of fluvial origin' Unconsolidated, but mostly above zone of sa,tura-
occurs principally north of Sisquoc River, and tion of the main water body .. Supplies small 
on Nipomo and Orcutt uplands. quantity of water to wells in Nipomo upland, 

where it rests on consolidated rock. 

Gravel,. sand, claJ') and silt predominantly of 
fluvial origin. bocally has a coarse gravel 
and sand lower member,· and a sand and clay 
upper member principally beneath the Orcutt 
upland. 

Unconsolidated. Ben.eath the Orcutt· upland 
the lower member is principal source of supply, 
and water is of the best quality in the, area. 

? -- - - - - - - ? - - - ~ - - - - - - - • Unconiormity -- - - - -�------�.----------------------1---------------------
Somewhat compacted gravel, sand, clay, and silt Unconsolidated; yields .water to wells in appreCi-

PHoclme (upper) 

Pliocene (upper) 
to 

Miocene (lower) 

g30370'-51 (Face P. 23) 

occurring in discontinuous, lenticular bodies able quantities. Permeability about 65 gallons 
underlying the alluvium and Orcutt forma- per day per square foot near the coast, where 
tions throughout most of the area,. Occa- finer-grained, but probably much more per-
sional thin beds of limestone near base. ' me able in the eastern part of the area. , 

Paso Robles formation (Tpr) 0-2,OOO± 

Local unconformity - - - - -I---------·I~--------------------------------·---I---------~--------~--~------------
Somewhat compacted medium-grained to fine- Unconsolidated; not tapped by wells, owing to 

grained, marine sand with some silt, indurated caving or flowing characteristics and to depth 
in surface exposures. Locally fossiliferous, b'eneath most of area. Permeability about 70 Careage sand (Tc) 100-650± 

- Local unconformity -
and contains few gravel and sand lenses. gallons per day per square foot. 

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

Unoonsolidated Tertiary rocks, 
undifferentiated (Tu). (Includes 
Foxen mudstone, Sisquoc forma­
tion and Monterey shale.)' - . 

0~10, 000+ 

Predominantly porcelaneous and diatomaceous Oonsolidated or highly compacted; essentially 
shale with considerable mudstone, siltstone, not water bearing except for joints or fraotures. 
sandstorte, siliceous shale, pyroclastic tuff,. Probably supplies little water to the area. 
and ash, occasional basic intrusive rock, and Not tapped by wells. 
some limestone. 

- - - Major' unconformity - - - -I-------I-------------------:------+--~----..:..--------'-----'----­
Metamorphic and igneous rocks. of serpentine, Oonsolidated qr highly compacted;· essentially 
, quartzite, glaucophane schist, and green- not water bearing except for joints or fractures. 

Franciscan and Knoxville (7) 
formation (Jfk) 

'banded and red-banded chert associB,ted with Probably suppUes little water to the area. 
fine-grained green sandstone locallypyritifer- Not. tapped by wells. 
ous and altered, and green 110 black shale. 
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. Soiomon; GJ:aciosa; aridShumanOanyons., O;wing to the. relatively 
, light rainfallcin·these'hills, the.·runoff ofthe streams is ephemeral arid 

:.extrerrielYI6Wi,' ..•. ", . .' 

GEOLOGIC FORMATIONS AND THEIR WATER.BEARING· 
. '. . '." .. , P:RO'PERTIES, . '. .'. '. 

AGE .AND DISTRD3DTION 

For the pUl'pOsesoftb.is ;ep~i:t,tli~geol~gio form~tions'~ the S~nt~ 
Maria ValleY ai'e~have been divided into two gl;OUPS: Unconsolidated 

. water-bearing depositswbich a:re~f uppernio~t Tertiary and Quater-. 
'., :I1,aty age ;andcoil.solidated 8,oncl. essentially n'On-'~~t81~"'bearln.g rocks, 

':which underlie· the' ullconsoiidated depo~its' and wb.ichr~nge ill age· 
rrbm'JurasEi'icto upper Tei·tiary,From old~st'to YOVngest~that is, 

'.' ·.··in. succession·' u,pward""":"the 'luiconsolidated deposits . include the 
. ':C~r~ag~sand,the::P~so . Robles and 'Orcut~ formations, ,the .terrace 

~deposits., ,allu,vium,river~channel .' p,eposits; and' dune. sand, . They. 
~··,'consistlargel:l; Of,lenticu).ar :bodies of gravel; sand, ·silt1.and clay. They 
····,occurinthe central part, o~'lleart of the area; in an a:;lyDiJ:lletric. struc-; 

,'. tura1depression. or, sYD,clinal trough \lxtendiug. from. La Brea Ol~eekto 
• the, (jcean.:Canfield (1939,p. 69). hasdesignatedthepaTt of the 
;8y~dine in the S.a!lt~,MariaVallei'a:sthe :Satita Maria yalley syncline; . 
iits.axis,isshoWll on plate 1. . Along .this"aris, near O1'cu,tt, the uncoU- . 
. :solidate~deposits atta,m ar;naxirnum thiClmess Ofabolit'3,OOOfm3t alid 
,:xtendiwestwB:~d beneath and ar~ip. ()ontactWithtl).epacific OceaIl:: . 
. Frqni oldestt?:Y9ungest, the consolidated l'ocki:l include.the·Fran-.· ' 
,i~iscananclRJ:lOxVi1le', (.1) formati.QUs; the 'Montere)'shale arid illter-

. bedded vo~canics, 'the. Sisq\loC formatio'n,and the Foxeuil1Udstone .. 
: Th~se . cc)]isali da ted r~:c){s fonn 'the north, east; and so~ th sides and' the 
'llicittom oithe groUnd~\ya'ter bas~" '. '/ ..... .' '." ." . ..' . 
:, . ,b.il:o/~lllog~ show that:t4e Tel'tiary" an'dQuaterna17 rocks ~ttain a 

·,)llaxPnum.:thidrne,ss ,oimare .. tht¥l 10,000 fe~t ·alollg:. the axis' of·. th-e 
. ';8.antl1·Maria Vall\>J; .·syncline· nea~, Ol'cutt, arid' that: they ,thin with 
. ··irlOderat~ . rapidity 1J P. 'the'flahks ()f: the' $ynclme to 'the . north , and 
• ~outh'befoi:e ctoppmg' out. in the. SUl'r6U:ridiri.ghills'~ndmouD.tains, .. 

·PI.ate 1 shows. the areal distribution of the various.:formati~ris; plate 
2 showstheirstratigrapbiG and structural relations; .and' the following 

:itable . of,' ~tra,tigraphic: ·.1U).its.· spmmarizes,' th\1i1' sequence, gen~ral 
,,~haracte1'istics,and''Yater-befJ,ringprqp~rHes .. : .'. " ,... .' 

·J3ecause., the.. con\lolidated: rocks: a~e ·esselltial1y . not water beal~illg 
:,:arie],. ar,8 .inlportant onJ,y iIi, th~t t~ey e],e;fine,the ba::;alarid lateral limits 

".,{)f.th~ mainw:ater bo,dy ,and'its; c()litaining, 4eposits, they are di:;ltip.­
... :guished ontl,ie:ge,olQgicm~p anli cros~ secti6~lS,(pls.l anQ.2)ouly as 

i.,iconsolidat.ed.'I'.ertia:ry rqc~s .undiffere4ti~te~,;:and. its, the FranClElCan 
'. :;and Knoxvilie (?}formations: On the other hanCt,the unconsolidated 
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24 GEOLOGY AND GROUND-WATER) SANTA MARIA VALLEY) CALIF. 

'deposits, or water-bearing formations, have' been mapped carefully 
and the areal extent of each is shov;in in detail ,on all thJ:eeplates. ' 
The more detailed stratigraphic and structural relations and the 
lithologic character of the water-bearing formations are shown on 
plate 3 which has been' compiled from logs of water wells, The five 
geologic sections are along lines shown on plate 1. 

CONSOLIP~TED ROCKS 

FRANCISCAN AND KNOXVILLE (1) FORMATIONS (JURASSIC?) 

The oldest recognized rocks' in the area are the 
igneous and sedimentary rocks of the Franciscan formation, which is 
of Jurassic ( ?) age. Closely associated with these are 
and metamorphic rocks, which possibly are partly of the 

, formation of Jurassic ( 7) age. Wh~re examined in the north-cen " . 
part of the area, both formations have been moderately to intepsely 
folded and faulted, and no effort was made-to distinguish them in the 
field or on the geologic map (pI. 1). Woodring (W oodring;'"Bramlette,: 

, and Lohman, 1943,p. 1343), recognized both formations in a small area.,' 
in the ,vestern part of the Casmalia Hills, and found the Franciscan. 
formation to consist principally of altered basait and gabbro 
minor areas of peridotite and serpentine, and the EiloA.'Ville formation' 
to consist d intercalated beds of sandstone, conglomerate, and dark­
colored shale, which is locally altered to lustrous phyllite. Canfield, 
(1939, pp, 6,7, 68) examined the cores from oil wells drilled in 
Santa Maria oil field, and found the Knoxville formation to be 
posed ,of fractured calcite-veined hard greenisH-gray pyritifei-ous', 
medium-grained sandstone, highly faulted and slickensided. clay"" 
shale, " A few foraminifera were found in these cores which suggest & 

possible Cretaceous age for a part of the rocks encountered, 
Where the Franciscan and Knoxville ( 7) forrp.atibns crop out 

the north side of the Santa Maria River, they were found 'to 
principally of fine-grained green sandstone, thin-bedded dense ".,.",n,,"- :,' 

ish to red chert, ,and slickensid,ed light~$Teen to dark-greeD. serp 
with lesser amounts of hard gray glaucophane schist, quartzite, 
green to black shale. 

MONTEREY SHAL,E AND INTERBEDlJED VOLCANIC ROCKS (MIOCENE) , 

The Monterey shale is separated from the underlyirig Fr"'1l1':;lb\';"'lJl;;~.:1 
and Knoxville( 7) formations by a maj or ,unconformity; which' 
places rna:>T be a fault. No other formation is known to occur n n1-.'ITT"on, 

the Monterey shale and the Franciscan and Knoxville ( 7) 
in the area covered by this report. However, in the western '.' 
Iillls,W oud])ing. (W oodring.,(Bramle;tte, and~6hnian,.19'4:3 r 1343--'1345; ...• 
mapped two intervening formations, the 'bospe .formation cif low ,. 

.' ; ,'.' GEOLOGY 25 

11ioceJie( 7) age and the Point Sal formation of early middle Miocene­
age; . Also, along the north edge of the valley there are possibly older 
rocks of Tertiary age. 

· ,The Monterey shale, which is of middle and. upper Miocene age, is 
of marine origin, and is the principal source rqck of petroleum. It 
attams amaximurn thickness a! about 7,000 feet in the structural 
trough beheaththe .town, of Orcutt, 'b:ut is considerp,p+r thinner 

" elsewh~re .. ' It' forms' the core ·of the Oasmalia and Solomon Hills, 
extends beneath the Santa Maria and 10wer'Sisquoc valleys at con­
siderable depth, and rises to the north to form the main part of the­
San Rafael Mountains shown within plate L . It has been described 
by Woodring (Woodring, Bramlette, and Lohman, 1943, p. 1345) as 
follows: 

Three mapped members are reoognized in the Monterey of the Santa Maria 
distriot. The lower member is characterized by phosphatic shale, silty shale, and 

,somewhat 'pqr,celarieous, shale; the middle member by chert, cherty shale, and 
porcelaneous shale; and the upper member by porcelaneous shale, or by porcelane­

.ous shale and soft diatomaceous strata. The lower member is 200 to 900 feet 
thick in the western Casmalia Hills; the middle member has an average thickness 
of 200 feet; and the thickness of the upper member varies from 600 to 700 feet in 
the western Casmalia Hills and is about i,oOO feet in the eastern Purisima Hills, 
Limestone, doubtless more or less dolomitic and p~esumably not of prim!try, 

· origin, is found throughout the formatiOn, being most abundant in the lower 
member. The chert of the middle member is ,()haracteristically contorted and 

,forms generally c0nspicuous outcrops. Wherever the upper member, includes 
)Joth hard poroelaneous shale and soft distomaceous strata, the soft diatomaceous 
'strata overlie the hard po,rcelaneous shale. 

In exposures' the Monterey shale characteristically OCClli'S in thin 
beds, 1 inch to 3 inches thick, which are usually white to light yellow 

· in color,and highly jointed and fractured. 
. The volcanic rocks associated with the Monterey shale differ 

widely in character from place to place, but in general fall into two 
classes-pyroclastic and intrusive rocks. At the mouth of the Cuyama 

, Arnold ,and Anderson (1907, p. 34, 35 and pI.' 34) recognized 
'the PYToclastic rocks, which were probably laid dovin under marine 
; conditions, These deposits show distinctbedding,and are composed 
of resistant red and white agglomerate and yellow tuff beds with a 
• ew interbedded strata of sandstone and cherty limestone. They also 
crop out, south and east of the town of Nipomo. 
, The other type of volcanic rock associated ,vith the Monterey shale 

'"is intrusive andesite. Outcrops of this material can be seen in a roa,d 
.'cut on State Highway 166, just east of Suey Road. It is dark green 
; to b~ack in color and h~s a pillowlike structure, indicating that it 

. ,pro ha:blyivras' erupted:sD'baqueoU(31Y';"into the-plastic ;Moli,terey sliale. 
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26 GEOLOGY AND GROUND-WATER, SANTA :MARIA VALLEY, CALIF .. 

SISQUOC FORMATION (MIOCENE A.ND PLIOCENE) 

The Sisquoc formation is exposed high along the north ·flank of the' 
Solomon and Oasmalia Rills. Also, it underlies the valleys of the. 
Santa Maria and Sisquoc Rivers and crops out along the north flank.' 
of Sisquoc Valley, but it laps upon the Franciscan and: Knoxville ( ?). 
formations beneath the Santa Maria Valley. 

The Sisquo.c formation, which is of upper Miocene and lower and. 
middle .Pliocene age, rests unconformably upon the Monterey shale. 
It is represented by a coarse-grained' shallow-water facies in the. 
Sisquoc River valley, and by a fue~grained deep-water facies in, the 
western part of the area. The deep-water facies 'attains 'amaximull1 
thickness of about 3,000 feet and is composed primarily of massive' 
diatomaceous. mudstone with some porcelaneous shale and claystone, 

. peds. The shallow-water facies is considetably coarser. and thinner;' 
and is composed of relatively hard beds of siltstone and some COli~ 

, glomerate. In surface exposures the 'Sisquoc formation resembles the . 
Monterey shale to a marked degree, particularly where the deep~ 

'water facies of the formation is represented. ' 

FOXEN MUDSTONE (PLIOOENE) 

The Foxe:a. mudstone crops out only along the north flank of the. 
Oasmalia Rills and extends beneath the Santa Maria Valley, wherei.t .' 
attains a maximum thickness of about 3,000 feet near Betteravia .. It 
laps upon the Franciscan' and Knonille(?) formations beneath the 
valley floor and does, not crop out along the north side'of the valley. 
The Fcixeil thins rapidly to the east and is missing beneath most' of. 
the Sisquoc valley. 

The Foxen mudstone of this reportcolTesponds to that designated 
by Woodring (Woodrlllg, Bramlette, alid Lohman, 1943, pp.1353~ 
1355). It includes only the mudstone, siltstone, and fule-grained 
silty sandstone of mic1dle(?) and upper Pliocene age, wllich rests con", 
formablyupon the Sisquoc formation in the western part of the area, 
and Ullconformably upon it in the eastem part. Thefue-gtained'to· 
medium-grained soft sandstone resting upon the siltstone has been 
considered a part of the Foxenby Frame (1938, pp. 30, 31) 
Oanfield (1939, pp. 54-60), but itis now distinguished as the Oareaga 

, . 
sand. 

WATER-BEARING PROPERTIES OF TRE OONSOLIDATEDROCKS 

The consolidated rocks are essentially not water 1:;learing .. 
denseness and high degree of compaction render them ll),capable qf 
transmitting water. However, most· of the formations contain frao-

" tures, joints, .and fissures induced by folding and faulting. 
ably such Openll1.gs may convey small quantities of water to th,e 
adj ac.ent unconsolidated deposits. A few wells have been drilled into' 
the consolidated rocks in search of water for domestic and stock use,' 

'I! .. GEOLOGY 

,particularly near the town. of Nipomo, but it: is reported that water 
,encountered ,was of. insufficient quantity. to· meet .. even. these uses .. 
However, some of the small springs in raviries along the south flank 
of' the San Rafael Mountallls issue fl'om. fractures :inthe older rocks. 

\lJ;'her~fore, it is believ;ed Wat a ~elatively sman quantitY-of water.' is, 
traI\smitted to the main water body through such fractmes in the 
.consolidated rocks. . . 

. UNOONSOLIDATED ,WATER"BE.A.RlNG DEPOSITS OF TERTLARy AGE 
CAREAGA SAND (PLIOCENE)' 

Areal extent.-The Oareaga sand crops out along the north flank of 
-the Oasmalia and Solomon Hills, extends n(jrthward beneath the 
,valleys of the SantaMar~a and the Sisquoc Rivers, and laps upon' the 
.consolidated . rocks beneath the. northern edge of the valley floors . 
(See geologic sections A-A' and a-a', pI. 2.)' An iso+atedoutcrop of 

.. tar-llllpregnated 'Careaga fqrms the north end ofFugler Point (pi. 1). 
Stratigraphy.-The Oareaga sand,whic~ is upper Pliocene in age, 

was formerly considered to be the. uppermost member of. the Foxen 
formation (p. 26), but is D,.ow g~nerally distinguished as a separate 

The Oareaga rests conformably upon the Foxen mud­
:stone III the.central part of the SantaMaria Valley. East,;ard, it 
Japs unconformably upon the Sisquoc. formation. 

In most water wells the Oareaga is logged as sand-rarely as sand­
,stone, although in surface exposures it appears somewhat consoli­
.dated. The induration is apparently just a surface featme presum­

due to cementation, and does not extend to any appreciable 
.depth. Therefore, the name Oarega sand is used in this report rather 
,tJhan Oareaga sandstone, as the formation has been described by 

·.···'Woodring. . . 
.. Woodrlllg (Woodring; Bramlette, and Lohman, 1943, pp. 1355-1356) 

:recognizeel two members of the Oareaga, which he distinguished as 
the Oebada fue-grained member and the overlying Graciosa coarse­
grained member. For the purpose of this report they are treated as a 
:single unit, which is.shown on the geologic map. 

, Lithol.ogyand thickness.~The, Oareaga sand is composed primarily 
. ,ofwhitB tCl yellowish-brown loosely consolidated massive meelium­

,., ... edto fue-grained sa:qd with some silt and with numerous lenses 
.OJ; "reefs" of megaios.sils. It is predominantly of marine o:rigin. In 

'. the 'upper part it conta~s some lenses of soft conglomerate, the pebbles 
i.of which are 'well rounded and composed primarily of porcelaneous 
,shale.' 
.. The maximum thickness of the sanel is about.' 650' feet and occurs 
along. '1;,he axis of th,e San,ta .Maria Valley syncline. Locally beneath the 
:north flankof th.eY:I1]ley it thins trIa minimum thickness 6f about 20 

" • ,,'- ,<' " - ," 
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feet. Most oil wells in the Santa. Maria Valley oil field pierce th'e 
Oareaga, but in most of the area its top is several hundred feet below 
the depths penetrated by water wells (pI: 2). Along the north edge 
of the Santa Maria Valley a few wells penetrate the. Oareaga. The 
geologic section on plate 3 shows the position of the Oareaga beneath 
the eastern part of this valley. Wells 10/33~18H1, 10/33-18H2, 
10j33-21Rl, and 10/33-27D14 ani the only water wells that are . 
known to have been drilled through the Oareaga, which locally ra;p'ges .. 
in thickness from as little as 20 feet to 120 feet. (For complete logs of 
representative wells see table 16.) .. . . 

vVater~bearing properties.-The Oareaga sand bears the distinction of 
being the oldest water-bearing formation in thearea, but it is pi·obably .... 
one of the least permeable, owing principally to the contained silt.·' 
The loosely consolidatedsancl is capable of transmitting water tlll'ough 
the openings or pore spaces between the grain particles. However,.· 
because the overlying formations are more permeable and because the· 
loose sand tends to "sand up" the wells, drillers do not perforate well 

.. casings in the Oareaga sand.' Altho'ugh in this area its .. water-yielding 
capacity remains unlmown, in the Santa Ynez basin yields. of 150 
gallons a minute or more have been obtained from the Oareaga by 
use of gravel-envelope wells. . Presumably yields of this magnitude 
could be iJ btained in the Santa Maria Valley area. 

Laboratory tests of permeability made on samples of the Oareaga· 
sand in the Santa Ynez basin (Upson and Thomasson, 1951), whete 
its lithologic properties are believed to be -essentially the same as 
in the Santa Maria Valley area, showed coefficients of permeability 
'whic]} averaged about 70 gallons a Slay per square foot at 60° F 
(Wenzel, 1.942, pp. 7-10) .. When eonipared with that of the alluvium 
this permeability is quite low. 

'PASO ROBLES FORMATION (PLIOOENE AND PLEISTOOENE1) 

AREAL- EXTENC(' 

Like the Oareaga sand,the Paso Robles formation crops out alo:(J.g 
the nort.h flank of the Oasmalia and Solomon . Hills , it is folded down­
'ward in the synclinal trough of the Santa Maria and Sisquoc valleys,·· 
. and, t.he upper part is trunc~ted on the Dorth limb by younger 'deposits . 
. (pIs, 1 and 2). Several minor isolated outcrops of the Paso Robles are 
found on t.he north side of the area. ' 

SC('RAUGRAPHY 

The Paso Roble~ iormation,o which is upper Pliocene to . 
Pleistocene (?) in age, was considered a part of the Fernando formatiolf 

, For description of the well·numbering. system see p. 163. 
, Sometimes "designated the Schumann formation," 
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by Arnold and Anderson (1907, pp. 52-60) ... The Fernando formation', .. 
however, included' alluncoDsolidited and some consohdated deposits 
from upper Miocene to lower Ple~stocene. Both Frame (1938, pp. 

·28, 30) and Oanfield (1939, pp, 52-54)limitecl the Paso J;\,obles forma-
. ti,on to 200to 500 feet of "blue gravel!:)" resting upon the "Foxensand,') 
here called the Oal'eaga sand, and underlying from 400 to 1,600 feet of 
stream gravels or "yellow gravels." 

Th(J Paso Robles formation a~ used in this report includes both the 
"blue" and "yellow gravels," as differentiated by Frame and Oanfield, 

.. 'and so conforms with. the more recent work done by Woodring (Wood-
· ring, Bnpmette, and Lohman, 1943, 1358-1359). The formation lies 
conformably upon the C!;Lreaga sand except locally near some valley. 
margins where it overlaps' the Careaga, and extends unconformably 
over the older Tertiary rocks, notably west of Tepusquet Oreek.. It· 
is overlain unco'nformably at one place or another by all the younger 

· deposits. 
. A deposit of massive fine white sand, over 125 feet thick and 

pro,bably of mari:p.e origin, ocems along the axis of the Santa Maria 
syncline near Orcutt. This body has been observed only in water-

· well logs. The sand is apparently overlain u:uconformably by the 
Orcutt formation (pI. 3), and may lie unconformably upon the Paso 
Robles formation. It may be a hitherto. unrecognized and distinct 
stratigraphic unit older than the Oreutt formation and :younger than 

'the Paso Robles. However, because its relatibn to the Paso Robles 
remains uncertain and, fmther,. because the sand is of limited extent, 
Itis tentatively assigned to the Paso Robles formatioll .. 

LIC('HOLOGY AND C('HIGKNESS 

The Paso Robles formation is probably the oldest nonmarine deposit 
in the area. In general it is composed of stream-laid lenticular beds 
,or.lenses of coarse-to fine gravel and clay; medium to fu;te sand and 
· clay, silt, clay, and some lenses of gravel and sand. In· the lower 
. part discontinuous thin limestone bedsoceur. However, the fact 
.• that the deposits on the south limb of the syncline appear to be some­
V\That finer-grained and of different comp.osition than those forming 

. the nOlth'limb, suggests a separate source for each and an inferred 
, .overlapping along the axis. . 

'. i . The lithologic character and textmal irregularity of the formation 
:"along the south side of the area are perhaps best shown by two rela- . 
,tively complete sections observed in the 'Santa Maria .valley and Olle 

····partial sectIon observed in the Sis.quoc valley. 
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Section of about the lowe1' three-fourths of the, Paso,Bobles forrr!ation, exposed in ravine 
, in the EY,"sec. 34, T. JON., R. 35 W. ' ' , 

Feet 

Sand, medium-grained, gray to brown interrnixed ____________________ ~_ 8 
Clay, silty, brown to gray _______________ :.~ __________ ~ __ ~ __ c-------. 46 
Sand, coarse, gray; and some clay ________________________________ , _ _ 22 
Clay, silty, gray; and'~ome sand ___ ~ _____________________ c----------- 19 
Sand, silty, brown ____ " _," ____________ " __ ' ___ ' ______________________ -_ _ 5 
Clay, with some sand and silL _________ ' ____ ' ____________ "____________ 60 
Silt, sandy, soft, brown, weathers gray ________________________ ~______ 57 

Clay, silty, compacted, buff _________ • _____ , _____ -;_' __ ~ __ c------------- 12 
Clay, sandy, gray _________ __ __ __ _____ _ _____ __ ___ ________ _ _ __ __ _ __ _ _ 54 
Clay, silty, varved, brown __________ , ____________________ ,------~---- 11 
Sand, olayey, fine, brown ____________________ ~ ____________ ~_________ 68 

Sand, medium-grained, massive, buff; and some clay _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 64 
Sand, clayey, coarse, gray; and pebbles ___________________________ ~--- 33 
Sand, Jocally clayey, massive, mediumgray ______ ~____________________ 75 
Clay, silty, massive, buff ______________ ~ _____ ~______________________ 53 
Sand, hard, massive, fine, gray______________________________________ 48 
Sand, massive, fine to medium, coarser near top, clean; considerable fer-
, ruginous stain_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 22 
Clay, limey, white ______ ~~ _________ ' _____________________________ ,-_ 20 

Limestone, fossiliferous, punky to hard; and some sand_________________ 1 
Sand, medium-grained to coarse, clean, gray ______________ ~___________ 7 
Sand, massive, fine to medium; ferruginous stain __________________ ,____ 14 
Clay, gray; occasional lenses, of medium-grained sand with ferruginous 

stain ___ ~ ___ ~ ______ ~____________________________________________ 28 

Sand, clayey, gray-brown, but weathers gn,Ly________________________ 53 
Silt, clayey, brown; and little sand _____ c------~---------------------- 9 

,Clay, limey, soft, white __ • ______________ ~ _________ ~ _____________ ,--- 7 
Clay, silty, brown _______________ -c- _____________ -- -,- - - -- - - -- ----- 12 
Sand, coarse, clayey; and some small pebbles _______ ~ ______ ~_~_________ 19 

Clay, limey, soft with occasional hard spots; and some fine sand~________ ~' 
Sand, fine, clayey, white to yellow _______ '_, ____ ,---------------------- 28 
Sand, massive, clean, well-rounded grains, buff-colored, mostly quartz, 

feldspal', and s)1ale; visible openings between grains_ __ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 25 
Sand, hard, coarse, clayey, with few pebbles and cobbles; brown, but 

" weathers gray-white ________ __ ____ '~ _____________ -- -- -- _____ - _'c__ _ 60 

Limestone, COllglomeratic, hard; qu~rtz sano., arid porcelaneous shale 
cobbles as large as 3 inches ___ ..: __________________ , _ -- - ______ - -- --'- &:2 

Band, mediumcgrained, soft; and clay with a few small quartzite and por-
celaneous shale pebbles _____________________________ ~~ __ c--------- 18 

Concealed; probably' same as above ______ o ___________________ ~ ______ ,- gO, 
'Sand; medium-grained, soft; and some clay~ ______ ~ ___________ ' ______ ~_ 30 
Clay, limey; and sand, abo.'ve which waterseeps'-.! __________________ ~ __ , 3 
,sand, fine-grained to medium-grained, clayey, brown; and small por,celane-

ous shale pebbles _ ~ ____________ - - - - - - - - - - - - - - - - - - - - ~ - - - - - - - - - - - --
Concealed; smooth surface, probably clayey sand ____________ " _______ ~_ 331' 
Limestone, basal; contains few white quartz sand grains _________ ~______ ':3 
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'Section oj about the lower three-jburtltsof the Paso ,Robles' forniation; 'exposed' in 
ravine in the W7f sec.' 15, T; 9 N.,' R. 34- W; 

Gra~el, coarse, brown sandstone, p'orcelaneous shale, metavol.canics; sand', 
and some clay _________ " __________ ,- ____ ' ________ __ ,: _______ < ~_.: _,": __ 

, Sand, coarse, brown _____ ' ___ ~ ____________ ,-------------------~'------
Gravel, medium; sand,alld clay _' ___________________ ' _________ ~ __ ..: ~_+_ 

Concealed ___ ~_ - - -- - - -, c - -,- - -- - - - - - - ~ - - - - - - - - - _ - -- -- - - - - -- - --'- - - - --
Gr-a ve1;niostly :porcelaneous shale, rounded;, litthi sand' __ ~ _ .'_ ~ _________ _ 

'Concealed ____________________ ~~ ___ " __ ,: '-" ~ __ '~_~, ___ + _______________ '_ 

Saild, coa,rse, brown; some gra:veL __________________________________ ~ 
Clay, silty, gray to brown _______ ~ _____ ~ _____________ ,---~--.-~---'---

, Clay andmedium"grained graveL_..: _______ ~ __ -' _____ ~ _'. __________ ~ ___ _ 
Sand, massive, medium, brown ________ ~ ~ ' _________ ~ ___ , __ ,- ___ ~ _.: ~ __ ' __ 
Sand and coarse gravel sho,vipg cross bedding~ ___ • ___________ ~_~~ _____ ' 
Clay, gray ____________ ___ ~. ____________________ + _____ ,-- ________ ~ __ ' 

Sand, coarse; and pebbles of brownsalldstone, porcelaneous sh~le,and ' 
," metavolcanics __ ~ ~ _________ , _____ ' ________ ' ____________ ' _____ ~ __ ~ __ '+_ 

I Clay, sandy to silty, brown __ " ___________ , _______________ .----'------+,-' 
Limestone, sandy, white _____________________ ;..: ______ , _ ~ ___ ___ ~ __ __ _ 
~and, massive, brown ________________ ~ _ ~ _____________ + _____________ _ 

Sand, hard; and gr.ayeL_ ~ ________ ~ ____ ..: ___ ~ _____ ~ __ ~ ________ + ____ ~_ 

Clay and coarse' gravel as'large as 3, inches ____________________________ " 
Sand, clayey, brown _____ ~ ___________ ~ __ ___ _________ ___ _____________ ' 

Sand, clay, and cobble gravel as large as 4.inches ______ ~ ____________ ' __ _ 
Sand; brown; and cobble graveL ____________________ ~ _____________ ~ __ 
Conce~ed _______________ .: ____________________ ~~ __ ~ _______________ _ 
Clay, gray, silty ___________ • ____ __ ______ __ ~, ______________________ .:_ 
Sand" fine; and, small rounded pebbles __________ " _____ ~ ______________ _ 
Conce~ed _______________ ~~ ___ ~ _________________ ~ ___________ ~ _____ _ 

Cobbles' of porc'elaneous shale arid weathered-brown 'sandstone rounded 
,as large as S inches __ ~ ______ ~ ~ ______ ~ __________ , ____ ~ ___ __ '_~ ____ ._~ 

Conoe~ed ___________________ ~ __ ~ __ ..: ____________________ ~ __________ , 
,Clay, gray ___ ,- _____________ ~ __________________________ _______ ____ _ 
Concealed ________________________________________________________ _ 

Pebbles,'rounded, sand, and cla;y; gra:y _________ ,.. _____ ~ ________ : _____ _ 
, Sand, massive,fine, clean, buff _____ ~ ____ : _____ ~ ___________________ .. __ 

Pebbles, rounded, sand, and clay; gray __ -' _________ ,~ _________________ _ 
'Sand, massive; gray _______ ; ____________________ ~ _ ~ _______ '-~ ________ _ 

Pebbles and ,cobbles of poroelaneous shale as.large, as 3 inohes,:and:clay __ 
Clay, gray ___ , _____ ,- _______________ ~ _______ "" _____________________ _ 

Sind, clayey, brown; and some pebbIes _____ ; ________ ' __ ~ __________ ~ __ _ 

g:~;e~:2:_~~~~ ~~~ ~ ~== = ~= = ~: :== ~ = =~ ~ = ~ ~ = ~~ ~ ~ = ~ ~ == = = === = ='= =~ = = = ~= = Sapd, medium-brown; and soine silt _______________ , _____ " ___ ~ ________ _ 
Clay and some sand; gray ____________ ~ ___________ ,--------"-- ___ "~_, 
pay, silty, brown ___ , ______ ,- ___ ~ __ ~ ____ ~ __ ~ _~ _____ ~ ________________ ~ 

Sand, clayey,' medium, gray; ,and pebbles o{porcelane~us shale _____ ' ____ ~ 
Sand, fine, ,olean,· gray __ ~ _______ ..:_ ~ ________ ~ ______________ ~~ _______ _ 

Pebbles,porcelaneous shale; 'maximum 2 inches; and gray olay __ ~~~j ____ _ 
Sand, ,dean; white __ ,",-"'" __ '- _____ -- _~. _____ ~ ____ ~_ ~ ____ ~_ '- ______ '- ___ ':' 

Concealed, probably clay,8and, and pebbles ____________ .-------------~ 

Feet, 

14.6 
10 
36 
39 
6 

, 214 

18 
, .23 

19' 
7 

70 
6 

23 
30' 

1 
(5 

11 
13 

8 
10 
8 

25 
4 
8 

141 

5 
81 
18 
31 
22 
27 
44 

4 
, 122 

6 
'77 
35 
12 

: '12 
88 
6 

59 
6 

30 
12 

115 
Copy of document found at  www.NoNewWipTax.com



32 GEOL.oGY AND GROUND-WATER,'BANTA MARIA YALLEY) CALIF. 

S@ction" a/about the' :lower three-fourths of. the Paso !loblas /orrn,a(ion, exposed i~" 
ravine 'in the W~ seD. 15, T. 9 N., R. 34 'W.-'-Continued ," 

F"t Clay, sLightly-limey, gray" ____ " _____ , _________ ~ ______________ ~ ____ , ___ ' 
Liihestone,. basaL ____ •. __ : ______ , _________________________ , ____ ~, __ ~ __ _ 

TotaL •• ~ ________ ~ ____ . ___________ , ____ ~ ___ ' _______________ ~ ___ :1, 621 

Section 'of:pqrt of tha,F:aso' Robles f~r.mation, exposed in CiJi-Cany~n in 'the SE7~$1!JX 
SBC. 13, T. 9 N.,. R. 33 W. ' . 

,Soil mantle ___ ~ ___ ~ ________ ~ __________ ~ _______ -: __________ , _________ _ 
Cobbles as large as 4 inches, sand, and clay __________ , ___ -' ___ ~ ________ _ 
Sand, olayey, fine; and smaH roui:J.(:\ed,porcelaneous shale pebbles _______ _ 
Sand, ooarse; and cobbles as iarge as 3, inches of meta volcanics and porce-

laneous' shaie __ ~ ____ ~ ___ '~ ___ ~ ___________ : ___________________ ~ ___ _ 

SaI\d, ~edium-graine'd; and somesmaU' poi:celaneous shale pebbies __ ~ ____ ' 
" Sand, massive, medium to fine, subangular, mostly' quartz and feldspar 

with porcelaneous shale ______ . _____ ~ ~ __ ~ ______________ -' _ ~ _________ '_ 

Gravel, as large as 1 ino~; sand, and' some clay __ .------------ _________ , 
,Cobbles as 'large as 3 inches, mostly of porcelaneous shale, some brown 

sandstone and metav:dcanics;coarse'sand, and clay ____ '~ ______ ~ _____ _ 
. Sand, coarse;' well' round'ed, 'small porcelaneous 'shale' peb):JJes" and littie:, 

clay ___ ~ ~ ,_': __ ~ _________ ,~ ____ ~ ____ -:_:- ____ '- ~ ______ :- ________ .~ ____ ~~: 

TotaL.: ___ ~ ________ n ______________ ,~ _________ " _~:- ____ ~ _____ ~' : :,,~:' ':' 

The lithologic characte~ of ,the Paso Robles formation ,along' 
~l.1orth 'limb of the syuclille is kumvu primarily from logs' of, , .. , 
13eneatll the Santa Mal~ia arid Sisquoc plains and'the Orcutt upl~d i,: 
waterweils p'enetrate the Paso Robles formation 'for, distances,oUrom 
seYeralfeet to over 700 feet, Ouly those along the nor.th edge of the;', 
Santa'Maria plain pass through the iotmatiqn; which in thIS area 
:represented by a truncated section:. "(See section'O-O', pI. 2.)" 
logs show that, except fOl~ a coarse basal gravel 10. to 30. feet'",,: .l .. ,vp.J.~<J:\.c::,~ 

'ness encoun'jie:t~d ()nly by OM wells jn the :Sap.ta Maria Valley oil 
there is no correlat~on possible, ,between' beds from place to place' . 
the formation; and that the deposits" are lenticular. However;, 
logs show that in general the Paso Robles contains lai'ge quanti 

.. boulders' arid ,g;i1.ai¥el, 'chiefly ill a mij,jjJ:ix of... cla".y",bii:t:Jo.ca;l;L.y.:.iuclu 
,some sand. Westward'near the coas"t the formation is composed" . 
of 'sand and ciay, which lo.callymay be, of ni.a~~~ ,origm:, and'some': 
graYeI and few, boulders. (See logs for wells l,O/35-7Gi, and'17D 
'and 1l/35-19El, 2QEl, and 29RI, "table 16.)' .' ':;:':'~ 

This formation forms, the thickes't single wa'ter.:.bearing d"eposiC" " 
,the area. , Geologic ~ection, a-a' (pL 2) shows, that .the ," . 
l'eaphes a, thickness 0f about·2,OOO feet near the town of OJ;cutt.; . 
is believed to be the thickest section ,m, the area. Elsewhere' 

o Dolman, S, G" personal co=uuioatioD, 1946; 

,G:EQ~QGX '" . , 
. .'. 

33, 

, thickriess'ra:nges wid~ly. Water W!}U ~/34,:"~N4 ,Ct,able 16), which,is 
the deepest well in the area (900 ft}et), is &ituated almost on the axis 

, .6f'this' trough' arid' :penetra 't~s the fprma tion for It thicJnwss, of 71 ~ 
';ifeet-.oDly about one-third :the tot~ 'thicknl?ss at thif? p?,int. ' 

. . 
WATER-BEARING l'RO~ElR1IES' 

',The' coars~~g:rained lens~s of the Paso Robles formation supply a 
',consider~ble quantity 'of water ,to wells, but'the finer-gramed lenses 

,'prob,ably supply very Mttle .. As a whole the formation: is a good water~ 
:'ibearilig deposit, probably about as 'productive as the Orcutt formation, 
':ibut:considerably less than' the' alluvium. Few wells have been per:­
"ifcirated in the Paso Robles albne, but those show that the formation 

,::'ii~,~apable"of yielding' water·to wellsat.ratl:)s as great as 1,OOO'galions 
',', "p6r minute. " However, to obtain this blgh production the casings are 

"[perforated throughout a . considerable section of the formation, and the 
, ',' mells have relatively "low specific capacity, ranging from 5 to 10. 

'Igallons a minute per foot of drawdown. ,.' 
'''The permeability of the formation has been determined by a 

'#c'6'\fery test.(Weu;z;el, 1~42, 125-129) in onl? pumped well near the 
,'.coast where 'tb,e' deposit is 'generally fine-grained. The test was rlJ,n on 

," H/35-20E1, whi~p. peti.etrates only '/1 part of the Paso Robles but 
" . , results of which are b.elifwed t.ci be'representative ofthe,formatioD,.' 

'ar'ea., ,They indica:t~ that the deposits tested have an average 
.lltlJ.llltntbiiity of about '65 gaJlons a day pel' square foot, or Ilibout the 

magnitude as that obtained.£or the' Oareagasand (pO' 28). 
,'-:)It' 'can ,be concluded, that the gram size and probably the water~ 
. . . capacity of the forml1tioIi. decreasestdward' the c.oast and 

north to south: The numerQus irriga'tion wells on the :Santa 
._,._._,._ plain"therefbre, probably tap the 'most productive part oithe 

, .. ' lJNOONSOLIDATlljD WAT~-B~G ~EPqSlTS OF q,UATljlRN.A;ftY AGEl 

.pRCUT-T, FOll,ltUTION (PLEISTOCENE) 

"',AreaZ ,extent.-The Orcutt. formation extends ~png the south side 
'the Santa M,Miaand ,Sisquoc valle)Ts;anq. is bellev!'ld tR be' pr~sent 

the north side of the Santa 11 aria River (pI. 1),' It dO,es no~ 
,beneath theallu'vitiill 'ill the Sisquoc 'Valley nor beneath the 

:gfe~ter' pa.rt 6f the .Santa Maria VaUey (pI. 2);' However, beneath 
:' :' 'of t:qe 0130. Flaco dis'trict (p. 1,9) it may be present where the 

, par.t of the' allllviru;p. is ,absent (pI. 3). 
,Btratigraphy.",,:-:The' Orcutt formation is 'an essentially nOJ?marin~, 

. tly 'deformed,' relatiyely thin <;leposit 9f upper Pleis~ocene, age, 
rests 'uncaniorm~pli pri.ro,arily upon' the p'aso R<?bl~s 'for1:ll!i,:" 

WlHj---, .... U·'" d~gree' 'Of \.mconforttrity pecorillng 'D;tore p;ronqunced on 

'. 
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limbs of folds.' Lo~ally'it i'e~its uncoIuorniably;u;on th~'''Older.'h)ck~.,' 
Accordi~gto ' Woodring' (W oodimg,' :Br~M1ette arid 'LoJi'rhan;'" 'i ~43,' 
p, 1359), the type'region, Won,the".lioit'h:fla.~k:6f tb.e~ Casri:iaii~Hills, 
west of Orcutt, where'it 'attams a:!thlck,neSs'of"a~'out:5O''feet,' and is' 
primaril:? san'd. However, the logs of wells indicate that only a small 
section of tb,~ Orq)ltt,is;rePFes~D;t~d,in.- tpj.s Jo~ality, ,a;Ild~h~~,a):p~g·.~he' 
axis of theSlUltaM(l.r~asylJ,.cline,it lopally at~ai,rLs ~iIflax~u,w.thi~~,es,!l, 
of abotj,t'f~A~~~,~" :,'-1'" ';"'';', ,,,' ":' ..... ,' "':;', .::~,:'",:, '" ::::.". : 
, Furthermore, the logl;> indicate. th!'1-t the f9,;r~ati9,n ill cqmpo~e,d oft:wO 
conformabl!3, members.........,..,an llpper,,:fine-:gr;ain~dsand: InElIlJ,b~r'w,hiph , " 
corresponds to that, portion, :of: t].le; formation expqsed ,at, "th~ tyPe 
locality, and a lower coarse~grained,,~erq.per. , B~c!tl).~e: the: tw,o lIlJlm:: ' 
bel'S differ lithologically." the Orcut.t ,in this ,repqrt has ,been dE}sigIlat,e,~ , 
a fO:rmation rather than the, :ItOrcutt,sal).d,'~,.a~r;tame,~, ,by yVoodrWg;, 
Wo'odring's term seems tQ apply only to. the,upper, rp.em'b!3T'." Par,t~ 
of both members have been observed in ,expqs:ur~s,; and they, areshoWI;l, " 
on plate 3., However, they arf:} not distinguishe,cj.on t~e: geologIc'; 

"map (pI. 1). , " '", ," ' , ,: 
In addition, the uppermos,t ap,d partly deformed ,~'te.J.'race dep'osits',~ 

mapped by' Woodring ,south of the Bisqu9c' valley, ~r~ ,believed t6fjEl 
equivaleJ;lt tP"-the' Orcutt formation, because of t4eir'physiograph:iyaD:~ , 
stratigraphic position and ,structural fElatures. They , ha~e, "been, ' 
assigned to the, Orcutt fQrmationm tbis report (pIs. I, and,~\, Pips,' 
as great as 12° haye been :observed in t,he, formation alongtJ:l:e north. 
flank,of the Solomon Hills" which is perhaps, unusual for deposits of 
upper Pieistocene age, ,,' " , " ,'>; 

Lithology and, thickness.-Because tJ;!.e entire ,formation, cannot. ,be , 
observed at any one exposure i.:q. the. !'LreaL tp:e, study ofthe,li$olo1Sy:is 
based necessarily on both surface and well-log data. ,The uppt;lr, m.ern~ 
bel' is mostly ~loosely compacted massive medium-grained clean sand, 
stained reddish-brown by' a ferruginous ceme:tJ:tand int~rstratified with 
lenses of clay. Locally,the sand beds themselves contain clay. Near .. , 
thehorth edge of the Orcutt,upland th,e UPPer member Go:ntams le:p.ses 
of gravel (pI. 3). :'VVhere exposed the' memb~r usu8Jly stands :iJ;J. nearly 
vertical Cliff~. It rl1p.ges in thickness fro,rb. a fe,ather. edge tic:> about, 22;J 
feet along the axis of theS~ta'Maria.syncline. ' "',,', ,";' 

Tile lower member ischiefiy loosely,compacted, coar~l'l gray to white' 
gravel and sand, Its con·tact with th'eupper 'merq.ber IS, sharp, and in ' 
surfa~e exposures the lower member, is" usu~lly 4t~r~c~telf rill~d, ii1~1: 
fluted. It is, quite' diffipult, to distinguish from' the, und,erlyin'g~aso 
Robles t'ormation, pa:rtioularlY' whe~e tp.e'Unq9p.fo~rcity,pe~-o/ee? t~elIl 
is slight. It ,ranges' ill, t~ck:D,~ssfrom ,a f~~0ier'~dg~ to,Q5t~et. ,"'" 

Lilm the ~aso ,11qbles forma:tion" ~he Or putt is fin~~graip.ed'near"~he 
coast;' and well logs indicate that the deposits there are' predomina:qtIy , 
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sand and clay throughout and i.p. part ma)T be'of marine origin. In the 
Sisquoc valley the Orcutt is coarser' in gram, and distinction b~tweeri. 
its two' members is impossibl~. .. , ' 
: Water-bearing properties . ....:...:TheOr<;utt formation suppliesi,Yater to 
wells in appreciable qua;ntities only beneath the Orcuttu.pland, where 

, the lower:rp.ember is one of the prinoipal water-producing deposits. 
It supplies water of perl;1aps the best qualityin'thearea' to the city of 
Santa Maria and the town of Orcutt. These municipal wells are ill 
secs. '3 and la, T. 9 N., R. 34 W. However, in the years 1938-42 
water levels i:q. these wells.fell b\310w the top of the 19wer member; 
since then they have recovered (w~lL9/32-3N3, fig. 5), Towardand 

" ' bey'ond the eastern end of tlle upland tb,e member ,rises above the 
water table and is therefore useless asa sour~e of supply. To the 

" ','w~st it becom~s less produ~tive, until at the coast it is, composed mostly 
" ~fci~y, silt, f;l.nd::fine'sand, ,an.d,if' there considered a poor, water-yielding 
.' 'dep'o,sIt: ,. ", ", . 
, • No tests of permeability have been made on either member of the 

,Orcutt, but where the public-supply wells draw on the lower member, 
',' 'its permeability is probably consideial:>ly greater than tha~ of the 

, underlying Paso Robles, Also, becaus.e of its lithologic characteristics, 
the lower member here is probably considerablY,more productive than 
the upper member, ElseWh,ere the wide range in litho.logy obviously 
is accompanied by a ,corl:esponding ra:r;tge in productivity. . 

, TERRACE DEl'OSITS (l'LEISTOCENE) 

" Areal extent'.-Terrace deposits compose and underlie the 40-foot 
imd lOa-foot terrace surfapes previously described (p'. 29)." They are 
remnants of more' extensive deposits but ev~n now underlie the greater 
part of the Orcutt. upland, the Nipomo upland, and numer()us,smaller 

, areas along the Sisquoc and Santa Maria Rivers' (pI. 1). ' 
, : ,'St7'atigraphy and thicknes8,-The terrace deposits are the ,alluvial 

materials 'that'were laid down by str,eams during the formation of the 
40-foot and ,lOa-foot . terraces. They restunco~orinably on the 
Orcutt formation; and locally on all oldeJ;',£ormations,and are in turn 
oV:erl~in locally by dune sand., ' They' are older' than the alluvium 
and are considered to be upper Pleistocene in age. They range in 
thickness from a' feather edgf3 to a maxirp.um of at least 45 feet. (See 
log fqr well 9/32-7 AI, table 16 .. ) Beneaththeexte:t;lSive surface of 

: the 40-foot terrace on the Orcutt. upland the, deposits are a thin veneer 
~oughly 5 to '10 jeet thick; but they are c()nsiderably thicker immedi-

, ~,tely south' qi FUgler Po:in.twhere they :£ill an old channel. 
, . Lithology.-The terrace d~posit~ are composed essentially of uncon-, 
soli.da'ted boul'ders, gravel, sand,', silt, and clay' intermixed to varying 
deg~'ees an~ occurring in, poorly defined. ,len!!es.. The coarse-gralne~ 
';\ ' . . ... 
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portions. are buff-colored. In general, the deposits are similar' to the' .' the Santa Maria and 'Cuyama Rivers near Fugler Point where the de-
coarse-grained parts of the alluvium. " posit rests on consolidate9. rocks or the Cateaga sand;. but it is not 

lVate7'-bearing properties.-N ear the rivers) and where they ove;iie',easilyrecognized over the greater part of the area where It rests on the 
unconsolidated deposits) the terrace deposits are mostly above .... ' Paso Roblesfor~atlon, How'ever"bycomparing logs where the base 
zone of satwation and hence supply little water to wells; HQwever,,";is doubtful with logs of n.earbY wells in which it can be recogniz~d, and 
near and southeast of Nipomo, the deposits rest on consolidated roylL'<.by projecting the slope of consolidated rock surfaces overlain by 
and there contain wat~r ill the lower part in quantities sufficient' to· . alluvium,. the base, can be fairly accurately determined everywhere. 
meet domestic and stock reqUirements. The deposits areAs thus determined the alluvium ranges in thickness laterally from a 
grained and porous, and hence readily absOTb rain "vhich they feather edge at the north and south margrns of the alluvial pla~s to 
to any un(lerlying permeable formations. nia:zimum thicknesses beneath.''the. ce:o.tral parts. These maXImum 

.. ALLUVIUM (RECENT) •.•.... .'. ..•• . range from 50 feet at the upper end ,of the Sisquoc plain to 
The alluvium, which is the most productive water-bearing depositful '115 feet at Fl,l.gler 'Point (an average increase in thickness of 8 feet per 

the area, is unique in that it is ab:i.lost completely concealed by its oWnl' in this reach); and to 230 feet at the coast (an average increase in 
surface. Because of this the extent, stratigraphy, thickness, lithology;, . .' thickness of 6 feet per- mile for the reach below Fugler Point). Thus, 

"and water-bearing properties of the alluvium all ,vere determiri.·' the deposit thickens almost uniformly westward beneath the alluvial 
entirely from well logs and pump tests, Over 350 water-well logs ' .. i ·";-"~"O'("·;,,·.~1 (See pI. 3,) . 
numerous oil-test holes that pierce the alluvium were studied ill detaiL.: " At the coast the two, members are each about 115 feet thick, and 
This study was considerably aided by a peg· model, which presented a/ ' each thins eastward. However, the lovvermember thins more rapidly' 
tluee-dimensional picture of all avallable well logs. . and near Fugler Point is about 40' feet thick, whereas the upper mem-

Stratigiaphy.-The alluvium) as the name implies, is a body of! . ber there is about' 75 feet thick. 
alluvial dep?sits laid down by streams graded initially to a position of' . '. Lithology.-The. detailed lithologic charactet of the alluvium js 
sea level about 230 feet below present level. It is believed to have been,". . shown by the logs of representative wells in table 16, and the two 
deposited as sea levelro~e during the retreat of the Wisconsin ice sheet>; . members are distinguished whenever possible. The logs show that 
and is therefore considered to be Recent in age. The alluvium;' 'the lower member of the alluvium is composed primarily of boulders, 
prises tViTO members-an upper fine"'grainedmember, and a 1 ,'gravel, and sand, with minor lenses of clay interfingered near the 
coarse-grained member.' It is unconformable on all older depo' . coast. The basal part of. the lower member is particularly coarse, 
but throughout the' area rests chiefly on the Paso Robles {'and is usually denoted by well drillers simply as boulders, or gravel, 
(pI. 2): It is itself locally overlain by river-channel and dunes .. ' both, In general the grain size decreases slightly as the deposit 
deposits. " ...••.. toward the coast. . 

The stratigraphic units alld position, physiographic expressi9~,,'; .; The. lithology of the upper member, like that of the lower member, 
lithologic character, and thickness of the alluvium in the Santa Maria,: is known primarily from logs of wells. Beneath the Sisquoc plain 
Valle]T areacol'l'espoBd to those of the alluvium found in other co . "the upper member is practically indistinguishable from the lower 
valleys of. southern California (Fairbajiks, 190.4, p. 13; Poland . .ber-both being composed of boulders and gravel and some sand. 
Piper., in preparation; Upson,. in preparation; Upson and eneath the eastern and central parts of the Santa Maria plain, the 
in preparation,). '. '. , . gravel a,nd boulders of the low:~r 'member are overlain by sand 

Areal extent,~The upper member ·of the alluvium undedies~nd:' gravel or ·sand in the upper member, and the contact between 
forms the surfaces of the Santa Maria and Sisquoc plains,~ndtb.e two is. distinguishable. From the city. of Santa Maria to apomt 
alluvial plains of tribu:tary streams (pI. 1). It also extends '" bOllt halfway to. Guadalupe, the sand and gravel of the upper mem-- . 
the channel deposits of all the majot rivers and streams. The. er grade rapidly to sand and silt with progressively fewer beds of 
member has essentially the same extent as the upper member with . . . From this point westward to the coast it is composed of , .. 
major exception .. It is missing benea,th that portion of the Oso Flaco, , ting beds predominately of clay and ,silt with some sand and a 
district lying roughly north of latitude 35"'00'.·' (See pIs. 1 and 2.) . ,. gravel layers. Thus, the upper member decreases rapidlyuJ. 

Thickness,-In logs of wells the base of the alluvium is :readily. grain size from east to west. '. 
recognized-beneath the Sisquoc River near La Brea Creek, and benea .... 
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, Near the coast the contact between .the upper and lower members 
is sharp and is easily identified in well logs. Theindiyidual clay beds; 
'which are compact and usually rep9rted as blue, arr:'relatiyely exten­
siYe, especially those commonly enc6untered near the surface. How­
eyer, from the data at hand it ca~1).ot1Je definitely concluded that 
individual clay beds extend as one contilluous unit entirely across 
the west end of the valley, It is thought thilt some of these clay 
beds are of marille origill and were deposited at times when the rise 
,of sea level was faster than the accumulation of fluyial.debris. Other 
day beds, reported as yellow ill drillers' logs, are possibly of fluvial ... 
origill, their color presumably resriltillg from surface exposure and 
oxidation of contained iron compounds. From one place to another 
the clay beds range ill thickness from 1 foot, to about 100 feet--'c:-
.almost the full thickness of the member. . 

WateT-beaTing pTopeTties.-Thelower member of the alluvium, which '. 
at present is completely satuxated, yields 'water readily to wells. For 
example, wells 10/33-21R1 and 10/33-36A1, which derive water 
solely from the alluvium, e[);ch have a yield of about 1,000 gallons a 

'. millute and a drirwd'o,yn of about 45 feet; or a specific capacity of 
about 22 gallons a :minute per foot of drawdown. " 

The uppeJ;' member, on the other hand, has a wide range in ability 
.to transmit and to yield water. In the eastern part of th.e area, where 
the deposits are sinlilar to the lower member, the yield is high; but at . 
the west end of the valley the fine-grained sediments, although satur- . 
ated are essentially not water yielding and are capable of t,rans­
mitting ,wat~r to wells only in small or negligible qua~tities.· I~ the. 
intervening area the yield is gradationaL The fine-gl'amed and rrl'eg- .' 
ulal' beC1swhich compose the upper member at the w~st end of the ',' 
area form a seal of varying tightness due to overlapping of one lens 
upon the other and there confine the water in the underlying deposits. 
(See pp, 72-73.) '.' 
. Tests of permeability of the alluvium by use of the recovery method 
in a pumped well (Wenzel, 1943, pp. 125-129) were made. on wells 
fl/32-24K1 and 10/33-21Rl.(pl. 1). In both wells the alluYlUDi rests 
on consolidated rocks. Results obtained from these tests showed 
permeability coefficients of 4,500 gallons a dayper square foot ,for well 
24I{1i.n the upper Sisquoc valley, aiid 3,500 gallons a day per square 
foot for well ZlRl in the upper Santa Maria valley. This indicates 
that the permeability of the alluvium is high and that it decreases in . 
.downstream direction as the material becomes somewhat finer-grained., 

Similar tests were run near the coast on wells 10/35-5Jl, 8Ql, 
,11/35-Z9DI, and 32R1, which are perforated iJi the lower member 
the alluvium and in the upper part of the underlying less permeable, 
Paso Robles formation. The average of the five tests, Which. 
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thems~lyes were not entirely satisfactory owing to llTegularities in the 
· recovery curves, showed the composite permeability of both formations 

to be about 1 500 gallons a day per square foot. Obviously then, the 
· permeability ~f the lower member of the alluvium alon~, is .s?mewhat 
· greater than 1,500. It has been indicated that thepermeabihty of the 
alluvium at welllO/33-21R1 was 3,500 gallons a day per square foot, 
and that the .permeability probably contilluesto decrease westwal'd 
as the deposits become fiuer-grained. Hence, the permeability of the 
alluvium near the coast is probably considerablj less than 3,500 gallons 
a day per'squarefoot, but some~hat greater than 1,500. Acoefficient 
of about 2,000 gallons a day per square foot is 'considered to be of the 
correct order of magnitude. 

RIVER-CHANNEL DEPOSITS (REOENT) 

. Areal extent.-The' riyer~channel deposits extend some 30 miles 
down the full l'~ngth of the Sisquoc and Santa Maria plains: Along 
the Sisquoc plain and the upstream half of the Santa JVlaria plain 
they fringe the north edge of the plains, but downstream they cut 
diagonally a'cross the plain to the southwest corner. In the lower 
course of Cuyama RiYer the channel deposits occupy most of the 
surface area of the canyon floor (pI. 2),' . 

Stratigraphy and thickness,-The river-channel deposits 'consist of 
the gravel, sand, and silt contained within the banks of the major 

· rivers; these deposits extend clownwai-d to and rest unconformably 
'upon the upper member of the alluvium, Because few wells are drilled.. 

···.ill the channel deposits ELUd because of the similarity between these 
· deposits and the undel'lJriilg alluvium, the maximum thickn~ss is 1l0t 

...•. efinitely known but is not believed to exceed 25 feet. ' 
',Lithology.-The lithology of the channel deposits is knO'ioVJl only 
frOl~ surface examination. In general thes'e deposits are extremely' 
coarse-grained in the Cuyama and Sisquoc River channels arid rela-

'. tively fine-grailled in the lower reaches of the Santa Maria River. 
. channel. The deposits of the Sisquoc River channel ,are composed of 

gravel, and coarse sand intermixed in bars or lenses of Yary-:­
lng coarseness. The boulders attain a maximum size of over 1 foot in 

:,diameter, but more commoJtly are smaller. The coaTser constituents 
'are composed primarily of hard sandst~me and of metavolcanic rocks 
'dE)riYed from the headwater l;l,rea..' '. ". ' . 
"The deposits of th~ Cuyama RiYer contab.:t considerable silt which 

• .... , :qeriyed from Ir:j.assiye silt b~ds that crop out in the Ouyamtt VaUf\Y, 
< (pl. 4) , inteT~ixed with the coarsermayerial. During high waterand 
<dUring the following-recession the silt gives the water an oTange color 

a soupy. appearance. Even during low flow considerable silt is. 
.·.carried by the river. 
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The deposits of the Santa Maria River channel are necessarily a 
combination of the materials carried by the Cuyama and Sisquoc' 
Rivers. At Fugler Point, the deposits consist of coarse sand and 
silt with numerous pebbles. Westward the material becomes pro'­
gressively fuel', and near. Guadalupe m~dium to fine sand a.nd some 
silt with occasional pebble;:; form the mam body of the depOSIts. . . 

ViTater-bearing properties.-The water-bearing properties of the chan~ . 
nel deposits are of particular importance because they transmit the. 
large seepage losses that occur till:oughout the Sisquoc ~nd the greater 
part of the Santa Maria. channelswhe~ever ther.e IS. any _runoff. 
Except along the Cuyama River, and posslbly for some dlstance along 
the Sisquoc River below La Brea Creek, the major part· of the channel· 
deposits lie above the water table, aIl,d hence, transmit the seepage 
losses vertically downward. 

TABLE 2.-Results of permeability tests on samples of river-channel deposits in the 
Santa 'M aria, Cuyama, and Si.squoc RiVers 

Santa J\1aria Rjver channel 

Location (river miles from mouth) General charaoter' 

1.8 __________________________ Medium to coarse sand with some silt" 
5,6 (State Highway 1)________ Medium to coarse sand witp- some 

graveL . 
8. 9 (B anita road) ________ -_ - - - - - - _do_ - - - - - - - - - - - - - - - - ~ - - - - - - - - - --
13,3 (U .. S; Highway 101)------ Medium to coarse sand with some 

gravel apd silt. 
15.5 (Suey Creek bridge)------ _____ do _____________________________ . 

i~·~------------============= =====~~========~===================-22:2-(F~;gi~r-P~oi;;t)------------ Medium to coarse sand and coarse 
, gravel.· 

Cuyama River channel ., 

1.0 __________________ ~----.-- Cobbles, coar~e gravel, sand, and silt __ ,_ 

0.8 (Garey bridge)--~---------
4.4 (Tepusquet Creek)---c-----

7.8 (La BreaCreek)-----------

'Cobbles ·coarse gravel, and sand ____ ~_~ 
Cobbles: coarse gra"el, and sand with 

some boulders. . 
Boulders, cobbles, coarse gra,;el, and 

sand. 

. G.EOLOGY 41 

The water~bearing properties of the u:tlcousolid~ted and relatively 
<coarsecgrained channel deposits are perhaps best indicated by labora~' 
tory tests 6f permeability that were run on samples collected along 

. the courses of the Santa Maria; Sisquoc,' and Ouyama ·Rivers; The 
permeability coeffici~nts were obtained by use of a variable-head 

. ,,"\ 

appratu8 designed by S. F. Turner, United States Geological Survey, 
and similar to' that described by Wenzel (1942, pp. 59-65). Two 
samples wete taken on opposite sides of the active· channel at 12 
locations and the average permeability for each Iocation is shown in 
table 2, . 

The table shows that the permeability of the deposits increases 
upstream and reaches a.maximnm value of 1,060 gallons a day per 
square foot in the uppe~' pai't of the Sisquoc valley. 

DUNE SAND (RECENT) 

Areal extent.-The' dUne sand covers about 25 square miles of the' 
'Orcutt upland, ,about 15 square miles oithe Nipomo upland, and about 
10 square miles of the Santa Maria plain along the coast (pI. 1). ., 

','. Stratigraphy, lithology, and' thickness.-Thed une sand deposits ani 
.Recentin age, and are found to bE}' of two types: actively driftirig 
dUDes which are encroaching over the older d'eposits near the coast; 

.;f!,ud the old or inactive dunes which' are anchored by vegetation and 
. . in part have a well~developed soil mantle. They have not been 

hated on the geologic map; Both rest unconformably on 
er deposits .. The dUDe sand is composed primarily of coarse to 
well~rounded massive characteristically 'cross-bedded quartz ;:;and, . 

.... loosely to slightly compacted. The dunes range in thic1mess from a 
feather edge to more than 100f~et. 

. TifTater-bearing properties.-The dune sand lies above the surface of 
'th~· main water body but contains several small perched or semi.: 
. etched water. bodies, which locally supply water to a few domestic 

in the Orcutt upland.· Thus, the sands are mown to transmit 
to yield water. However, because no tests were made, the 

llltlij,Ul.1l'ty of the sand is unlmown, . 

GEOLOGIC STRUCTURE 

GElfflRA.:L REGIONAL STRUCTURE 

. ,The .regional str~cture. ~urro~1ing and including the Santa Maria 
. are.a is extremely complex: for· it lies within the structural 

of both 'the California Ooast Ranges and the so-called trans-' 
. .. e ranges of southern Oalilornia. Physiographically and struc­

ally the San Rafael Mountains lie at the ~outherl1 ~dge oftha 
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OaJiforma Ooast Ranges; whereas the Santa Ynez Mountains to the 
,south form the:western part of the westwarcl.-trendillg transverse 
ranges (fig. 1). The region included between the two ranges is a 
skuctural depression, andth~ older rocks, which are exposed ill the 
bordering ranges, here are concealed at considerable depth beneath 
Tertiary and Quaternary rocks. The tertiary rocks form a series of 
broad f01ds whose axes have a general westward trend.: Of these the 
northernmost downfold fOl'ms the basin beneath the Santa Maria 
and Sisquoc valleys. The shape and extent of this major syncline." 
and the faults 'which .transect it; and their relation to the ground­
water basin are discussed below. 

. MA.JOR SYNCLINE 

The maj or syncline that underlies the valley area is an asymmetric 
. structuTal trough whose axis trends southeastward along the south 

side of the Santa Maria Valley, in the vicinity of Orcutt veers shaJJplj 
northeastward toward Fugler Point, and finally turns sou.theastward 
near Garey into the Sisquoc valley. Its exact course and shape' 
between Orcutt and Garey is not definitel]T knm'Yll, and therefore, it· . 
is not shown on the geologic map (pl. 2).. The offsets or bends ill . 
the axis artY probably due to the regional stresses that exist between . 
the Coast Ranges and transverse ranges. The shape and lateral' 
extent of the syncline are shown on the geologic cross sections (pl. 3) .. 

The south limb of the syncline, which is steeply dipplllg beneath. " 
the Santa Maria Valley and gently dipping beneath the Sisquoc valley, 
forms the north limb of -the major anticlinal structure beneath the 
Oasmalia and Solomon Hills. Minor en ~chelon folds having a north­
west trend are prominent features of 'the south limb. In the Sisquoc 
valley the north limb rises steeply' 'to fOl'm the south flank of the San 
Rafael.Mountains, but in the Santa Maria.Valley it rises gently and 
is cut out bj;the alluvium. 

FA.ULTS 

In the bordering hills which are underlain by consolidated rock .. 
faults 'were observed only casually .and for the most pal't' their ' 
are taken from work of other geologist?, (Woodring, Bramlette, 
Lohman and Bryson, 1944) .7 In gE?,lleral these faul ts have a "westward, 
trend in the Solomon and Casmalia Hills and ha,ve a northwestward·· 
trend in the Sari. Rafael Mountains. As such they bear little relatio~ 
to the ground-watetbasill .. Howe~Ter, several faults cut thewa 
bearing deposits of upper Pliocene and lower' Pleistocene- (?)' 
namely,the Careagasand and the Paso' Robles formation.' Thef~ul' 

:',' . ' .. ~ ( 

1 Also Greenwal~, W., ~~rsonal co~uni~tion. 
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are lU a position to affect the movement of ground water in those 
formations. They are concealed by the younger. deposits and their 
existence has been determiried primarily by studies of oil-well logs. 

The faults are three in number and trend slightly west of north. It 
is thought that movement along all three is predominantly verticaL 
The fault extending southeastward from Santa Maria waE! encountel'ed 
in oil wells drilled inthe Santa Maria oil field; it has been plotted at 
the location shown by Canfield (1939, p. 48, fig .. 2). It is a high-angle 
thrust·fault and in this report is referred to as the Santa. Maria fault. 
Uplift has taken place on tlle east side, and the fault cuts all forma­
tions .up through the Paso Robles. The maximum amount· of displace­
ment in the Oareaga sand and Paso Robles formation is about 150, 

. feet, but displacement' in the older rocks increases with depth. (See 
p1.2and geologic section C~C', pI, 3). .. . 

East of the Santa Maria fault and roughly bE?neath Bra.dley Oanyon 
is the second of the three faults I which. is herein named the Bradley 
Oanyon fault. The presence of this fault was determined primarily 
from oil-well logs, which indicate an offset in the older rocks. This, 
faulting in Bradley Oanyon is presUmed to extend beneath the plain 
into a small fault of the same general trelid ob]3erved on the nOTth,side 
of the Santa Maria River. Like the Santa Maria fault, it cuts the 
Oareaga sand and Paso Robles formation,but, unlike the Santa 1·1aria 
fault j the west side is believed to be uplifted and the amount of dis-

'. placement is somewhat less.. The straight-line appearance, the direc­
tion, ancl the location of Bradley Oanyon' possibly reflect topogra.phi-
cally the existence of the fault. . 

'A third fault having the same trend and age as the other two may 
cross the upper end of the' Santa Maria Valley at: Fugler Point .. 
Because. its existence is doubtful and because its location 1s uncertain, 
it is not shown on the geologic map nor on the cross sections. The 
existence of the fault was firSit suspected in the preliminary study of 
water-level contour maps, which show a sharp break in hydraulic 

. gradient beneath the valley floor west of Garey (p1.5) . However, 
IatE\r iltudiesshowthat the break could.be caused equally well by other, 

.' conditions(p. 75). Additional inconclusive evideI).ce was the presence 
'. of small tar seeps i.l:L the'. Oareaga sand at Fugler Point, sl~ggesting a 
. fracture zone along;whichthe tar might be rising. The most likely 

..... evidence isa fault in the consQlidated to.cks on the north sideo! the 
,,;', .. vel' and trending generally towal;'q the area in question. Considerably 

'more evideu,98 will be needed, however, before the presence and loca­
of the fault caube ei3t.ablished ~nd its relation to the movement of 

ground water can be ascertained. . 
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RELATION OF .sTRUCTURE TO THE. GRODJ'ID-WATEl} BASIN 

The maj or synclinal trqugh is the structure which has determined' 
the shape of the ground-water basin, whereas the faults have altered 
its shape but slightly. The shape of the ~ontact between the un~ 
,consolidated water-bearing deposits and underlying consolidated rocks 
is an inherent part of the trough and,as such, linlits the lateral and 
downward extent of the ground-water basin. Specifically, this contact 
as exposed on the northern alid southern flanks of the Santa 1\'1aria 
and Sisquoc valleys marks the northern and southern limits or sides .' 
of the basin, and where the contact s,vings. around the head of the 
Sisquoc plain it forms the eastern end. The concave upward surface 
of the contact forms the base or bottom of the basin. 

On the other hand, at the west end of the valley the syncline, and' 
hence the contact, passes out to sea. As a'result the unconsolidated 
deposits and the contained water body extend out beneath and lie in 
contact with the Pacific Ocean. -Thus there is no known structural or' 
depositional barrier between the heshwater of the main water body 
and the salt water of the Pacific Ocean. .' . 

GEOLOGIC HISTORY 

EARGY HISTOE,Y 

The early geologic history of the Santa.Maria Valley area bears onlY 
an indirect relation to the present ground-water basin and the existing 
hydrologic problems, and it is therefore summarized very briefly.· 
·lVlorecoD}plete accounts from which the sumrilary has been drawn are 
presented principally by Woodring CWoodririg,Bramlette; and Lohman; 
)943, pp.1338-1343) and Canfield (1939) pp, 79-81), and in the classic 
report by Arnold and Anderson (1907, pp. 66-71). 

The erosional surface developed 'on the Jllrassic rocks was submerged 
and covered by the sea with only minor fluctuations from late lowet 
Miocene until upper PliDcene time.. Deposition in this sea began-with' 
the accummulation of fine-grained materjalscompbsing the Monterey; 
shale, which was followed in turn by the Sisquoc and Foxen formations· . 
and ended with the deposition of the Oareaga sand. This period 'Of 
marine deposition was accompanied by continued uplift and folding' 
along and near the present San RafaellVlountams. .' " ,.' 

With deposition of the Oareaga sand in upper Pliocene time, the 
basin waS :filled to sea level except along the axes of the synclinal· 
troughs, which were· still submerged. It was upon this smface tha V 
the continental Paso Roblesformation waS deposited. The lower and; ... 
western parts of this formation, however, are locally of lagoonal' or. 
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lbrackishcwaterorigin because they were .laid down in the still-sub­
':rn~rged synclinal trougns. . The deposition of the Paso Robles can"' 
tinued into the lower Pleistocene (?). The northern limit of Paso 
Robles deposition wrus.probably the ancestral San :Rafael Mountains, . 
from 'wrucha .considenible quantity of coarse material was derived; 
while on the south material of fine texture was probably derived from 
mpland area;s far to the southeast of the, present Santa 11aria Valley 
·area. Minor warping accompalliedthe deposition of both the Careaga 
·sandand the Pa;so Robles formation, thus accounting for the.presence 
·of the' tbickest secticinsm' the troughs of synclines and the thinnest 
:sections along the axes of anticlines. 

:B::rSTORY.OF T~ Gfl-OUND-WATER BASIN 

Structuralevoluti01i.-Following the deposition of the Paso Robles 
· 'formation, intense folding took place probably during middle Ple~sto"' 

:cene time .(Polandand Piper, in preparation) along established struc-
· tural lines, and the existing limits of til,e ground-water basin were 
·established~ The Oa,reaga sand arid' Paso Robles formation were 
:arched over theOasmalia and Solomon Hills, were depressed into the 
lal'ge syndinal .trough, and were cut by faults. It is believe.d that 

·.during the same period the Franciscan and .Klloxville(?) rocks along' 
;the north :side -of the area wer.e further uplifted. Thus, in middle 

, 1'leistocenetime the lateral and dowllwardllinits or shape of .the basin 
· were defined ~roadly as they now exist. 
· Relatively stable <conditions followed the intense folding of the middle 
:pleistocene and persisted into the upper Pleistocene (Woodring, 

·J3ramlette and Lo'b.r:D:a,n, 1943, p. 1342), During this relatively long 
.. interval of time, ~tream erosion developed a gently seaward-sloping 
surface· roughly between the San Rafael and Santa YneZi Mountains. 

'.' Deposition of the Orcutt formation took place on this surface in upper 
. '. :Pleistocene time, Erosional activity in the ancestral headwater areas 

was probably vigorous at first and the coarse-grained lower member 
was deposit!'ld. . Less active conditions prevailed durIng the deposition 

,:00f thefin&!g$~ined upper .member::Local coastal submergence is 
· believed,t9 acoo.unt for the presence of the interfingered marine beds' 
.in the western extent of the Orcutt formation. 

.' Folding and local minor faulting took place along the. developed 
· structurallmes following the deposition of the Orcutt fOTmation, but 
'prior to that of :the late Pleist.oce:q.e terrace deposits. Thus, the post­

defor:rnation.rnarked the final phase in the structural evolution 
the ground-water basin, 
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Erosional and depositionalevolution.-The subsequent developmf;lnt, . 
of the basin took place almost entirely·thr.ough erosion and cleposition 
by streams in late Pleistocene and Recent time.' It is believed that the 
ancestral rivers and strea:im were located approximat~ly at their 
present positions and were developed on the surface of the deformed 
Orcutt formation. Thus, the Santa Maria and lower Sisquoc Rivers. 
are essentially consequent and are situated in the structural trough: 
formed between the Solomon and Casmalia Hills on the south and the 
Sa~ Rafael Mountains on the north. The courses of the lower Cuyama .. 
and upper Sisquoc Rivers, however, are antecedent, and transected . 
the axis of the San Rafael Mountains at an earlier time. 

The ancestral streams art! believed to have cut the terrace floors and 
to have placed the deposits whose surfaces now remain at elevations of 
about 100 feet and 40 feet above the present river courses. The 100-
foot terrace, 'which is the older of the two, ,vas probably formed during 
a period of relative stability as the ancestral rivers were cutting down 
tbxough the surface of the deformed OTcutt formation. 

In general the history of the 40-foot tenace is fairly well preserved 
in the outcrops adjacent to the pi'esent channel courses. Following' 
the formation of the 100-foot terrace the ancestral riveTS cut down at· . 
least 100 feet·,- and possibly as much as 135 feet, below that surface. 
probably in response toa 10'wering of sea level. (See log for· well" 
9/32-7 AI, table 16.) Their .entrenched valleys occupied the fuil 
width of the present Sisquoc plain plus the terrace surface to the north,' 
passed south of Fugler Point, and probably followed a course west-. 
ward down the central part of the present Santa Maria plain to the'· 
coast.' A: subsequent rise in sea lenl of at least 40 feet, and possibly' 
as much as 75 feet, caused the ancestra,I rivers to backfill their exca­
vated courses to a height of about 4'0 feet above the present 
plains. ' .. 

Aperiod of l:elatiye quiescence followed the deposition, during 
the rivers cut laterally into the adjacent deposits. During tIllS 
the e.1.'1sting relatively extensive cut' terra'Pe was formed on the. 
upland, and the river cut noi,thward into the consolidated iocks on 
the north side of. Fugler Point. In geologic·time this period ". 
correspond to the interglacial perio~ prior to the advance oCthe 
Wisconsin glacial sheet. . 

Sea level again began to decline, possibly coincident with·the'ad 
vance of the Wisconsin glacial sheet, and. the rivers again 
down cut. This down cutting took place principally along the 
course taken by the rivers during the previous down cutting,with 
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':notable exception. The.,santa. Maria ·River, inst'ead of reexca vating 
its channel south of Fugle): Point,became established north of Fuglel; 
.Point, about on its present comse. . 

. Down cutting continued until the fivers were graded . .to a sea level 
possibly as much as 300 feet below the present sea level and several 
miles west of the present shore line. During this process, terrace 
.deposits v.rere almost completely removed, and only small renmants 
now remain along the sides of plains and river chalmels .(pI. 1). At 
the present coast the down cutting amounted to about 230feet below 
. ,CUTrent river grade, and at the eastern end of the Sisquoc valley the 
. down cutting amounted to about 50 feet. (See geologic sections E-F, 
l!'-G, and. G-H, pI. 3.) The trench thus excavated was a relatively 
~at featUTeless plain of·about the same extent as the present alluvial 
plains, had a steeper surface gradient than the present plain (p. 37), 
,mel had 0118 relatively large bench or terrace in the Oso Flaco district 
above the excavated floor, at a height about mid\~ay between the 
present alluvial plain and the bottom of the excavated trench (p. 36), 
,or about .100 feet below present land surface, (See logs for wells 
1l/35-20El and 1l/35-27HI, ·table 16, and pI. 3.) Although in . 
this area there is no definite proof that this bench was formed as the. 

'. river was down cutting, Poland (Poland and Piper, in preparatio~) 
has been able to show that the formation of similar terraces occurred 
,elUTing the down cutting in the yicinity6f Long Beach, Califorma. 
. Deposition in. the excavated trough began and continued as long as 
:sea level rose. Again the rise may be coincident with the retreat of a 

,:glacial ice sheet .. If so and, further, if the ice sheet ,~Tas the last 01' 
: Wisconsin glacial sheet, then the initial deposit formed ill the bottom 

.·{)f the trough marks the beginning of tJie Recent epoch. It has been 
(estimated by Schuchert. and Dunbar (1933, p. 479) that the retreat 

this .ice sheet, and hence the initial deposition, may have begun 
oXlmately 27,000 years ago. 

The deposit formed during the initial stages. was. the lower member 
!of the alluvium. Its coarseness can be attributed to vigorous erosional 

,.' .' 'vity in the .headwater areas caused. by exceedingly wet cliniatic 
,COJl1dl.tlO'llS, a large volume of river. discharge, which transported 

,.' . quantities of coarse material into and through the area, 
.' . anuyerage land-surface gradient of about 24 feet per mile, com­

.... aFed to the present average of a;bout 18 ieetper mile, or about. 30 
, . t steeper than the present g~adieD.t. Deposition of the coarse 

" .terial comprising. the lower member continued until it attained a 
. thiclmess ofap'out 115 feet 'at the present 'coast line (pI. 3)'. 
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Following the deposition of the lower member, drier climatiic condi­
tions apparently prevailed and caused an abrupt decrease' in erosional 
activity in the headwater areas and the deposition of the fine-grained]. 
sediments of the upper member within the plains. 

The abrupt change in depositional activity is indicated by the" 
sharp contact between the two members of the alluvIum near th€y· 
coast, as shown on'cross sections E-F and I-I' (pI. 3). Deposition:.. 
of the upper .member by the ancestral Santa "}'laria River at ;times: 
took place more slowly than the rise of sea leveL Oonsequently,. 
brackish \vater. or lagoonal clays' and beach sands are intel'Dngeredl 
'with the :fluvial deposits near the coast, . 

Guadalupe Lake, which has a depth of as much as 25 feet, probably· 
owes its existence to the fact that the alluvium was deposited at If!t:' 
more rapid rate by the Santa Maria River than by the creek entering' 
the plain through the lake from the southeast. Oonsequently, a, 
closed basin was. f()l'med in the lower course of the creek. 

The Sisquoc and Santa Maria plains·now.form the surface of the 
'. upper member' of the. alluvium., and the present clramiel.d(}posits of 

the Sisquoc and Santa Maria Rivers have been deposited on that, 
,surface. The Sisquoc River and the upper part of the San1!,a :iVIaria, 

River have maintained courses along the north .side of the alluvial: . 
plains throughout historic time. The pTesent relatively stable position .. ' 
.of the channels is caused largely by man-made control in the form of. 
jetties, which aTe built out into the river channels. 

The sand of the relatively large area of dunes on the surface of the". 
alluvial plain and adjacent upland areas has been br.ought along the.' 
shore of the Santa J\1:ariaValley by waves and longshore curients:, 
from the headlands projecting into the Pacific Ocean nOTthwest 
Sari Luis Obispo. The prevailing . northwest winds, occasionally of 
gale velocity, have blown the sand inland and are continuing to do so; 
The extent of the dunes on the plain. is' limited in part by the action' 
of the Santa Maria River. 

., 
SURFACE-WATER RESOURCES 

By H. G. THOMA.SSON, JE. 

The over-all drainage system of .the Santa Maria River basin' 
'compasses about 1,800 square miles. This system embraces . 
drain~ge basins of two major Tivers-the Ouyama and Sisquoc 
their tributaries, an area of about 1,600 squal'e miles.,,-all above 
confiuence at Fugler Point; also, the drainage basin of the Santa 
River proper, about 200 square miles, downstream Hom Fugler 

SURFACE-WATER RESOURCES 
'. 

This drain.age system is here divided into a mountainous headwater­
area underlain at shallow depth by. older' consolidated rocks, and a, 
downstream segment or vaUey area' unde~lain to substantial :depth 
by unconsolidated and largely permeable deposits. Theheadwater­
area includes all' of the 1,600 square miles of . the dr~inage basins 
ups,tream from Eugler Poipt, except the Sisquoc. plain and a part of 

.. " ,the dissected upland to the south, as shown within. the limits of plate 2. 
Thus, it is almost wholly outside the area for which the geology and 

. ground-water conditions .are appraised in this report. . 
In tills treatment of sui"face~water resources, all stream :flow is: 

. considered. as originating .in the headwater area and, because surface 
runoff from the valley' area is relatively small, its contribution is: 
included in the evaluation of rainfall in.filtration (p, 80). The geo­
graphi@ distribution and extent of the several drainage basins are' 
shown on plate' 4, 

The Ouyama and Sisquoc Rivers deliver large quantities of rUJlOff' 
.to the valley area, In times of flood, much of this rUJloff is wasted 
to the ocean; during periods of low or moderate :flow, all or most of 

.. the water entering the area is absor.bed by the river-cha:imel deposits', 
.' and is. contributed.as recharge to the ground-water supply. Th1,ls,. 

determination of the total-runoff from the headwater area, and of the· 
seepage losses occurring -within the .valley. area, is necessary in order: 
to evaluate the natural recharge to gromid wateT in the valley area. 

',$.ccordingly, in the ensuing pages, data on surface-water resoUrces· 
are presented to show the estimated total amount and distribution 
of runoff in the Ouyama and Sisquoc Rivers .and their tributaries at, 

.. a.bout the edge of the Santa Maria Valley [lJ'ea, the estim~ted amount 
of natuhl seepage loss that takes place from these rivers and from,' 

",the Santa Maria River within the valley area of gro~d~water 1'e .... 
··charge,and the estimated amount. of surface-water out:flow to the sea. 

GENE.RAL CRARAC,:!;,El:nSTICS OF RUNOFF 

, Because the. 1,600 square mlJes of the headwater area includes: 
.,,:terrain ranging from the relatively wet Sisquo'c a~d Huasna River 
:dr~inage basins to the sl3miarid Ouyama V a~ey, a;nd further, because, 

l'.!;l,illll::L.ll, occurs largely in a few storms during a rainy season that, 
from about November 'to April, runoff varies considerably 

the several stream drainage basins and :fluctuates greatly from:. 
to year. Dwingthe 16 years. 1930-45, for which gaging-station 

are av~ilable for· the Ouyama and Ruasna Rivers, the greatest 
runoff ill the Ouyama River was 21 times the leas.t yearly 
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runoff the extremes occmring in 1940-41 and 1933-34, respectively; 
-where~s in the Huasna River this ratio was 259, extremes 6ccmring 
in 1940-41 and 1930-31, respectively .. Maximum monthly measmed 
discharge in the Cuyama River was 33,320 acre-feet (March 1938), 
and in the Huasna River was 24,150 acre-feet (February 1941). In 
:years onow rainfall each of the streams has been observed to be. dry. 
for periods of several months. These figures are rather ::eIilarka?le 
considering that the drainage area above the Cuyama RIVer gag~g . 
station is 912 square milt)s, whereas the area above the Huasna statlOn' 
is only 119 square miles. 

GAGING-STATION R,ECORDS AND SUMMARY OF MEASURED 
STREA1>f FLOW 

The foll~'wing table indentifies the gaging statons, at which can" 
tinu:ous records of stream flow h~ve been obtained, the periods of 
those recOTds, and water-supply papers in which they ha-ve, been 
published. As shown on plate 4,. the gages record the ru~off fronl' 

. practically all the drainage area tl'ibutary to the Santa .Mana V a.l~ey .'. 
:area upstream from Fugler Point. Within the valley area the statlOn ' 
at Guadalupe measmes essentially all surface-water outflow from the 
valley. . 

Avai!able records of ~tteam flow in the Santa Maria Riverdrainage system .. 

Station Term of record 

Santa Maria River near Santa Maria; November 1903 to December 1905 .. , 

Cu~'~~~ ·River near Santa Maria, Calif__ December 1929 to September 1945. 
Santa Maria River at Guadalupe, CallL_ January 1941 to September H)45. 
Alamo Creek near.Banta Maria, CaUL__ . October 1943 to September 1945. . 
Huasna River near Santa Maria, CaEL_ December 1929 to September 1945. 

ecember 1929 to September 1933. 
Sisquoc River pear Sisquoc, CaliL_____ 1943 to September 1945. 
Sisqnoc River near G~rey, Calif_. _____ -~ 1941. to September 194.5. 
La Brea Creek near SISqUOC, Calif ______ October 1943 to September 1945. 
Tepusquet Creek near Sisquoc, CaEL___ Do. 

1 Records collected on Ouyama River at mO)1tb of Buc]¢orn ·Canyon, 6.5 miles upstr,eam 
gaging station, Ouyama River near Santa Mana. ' . 

N oTE.-Records bere listed have been publisbed by the Geological Survey as follows: 

Year ending: 
Sept. 30 

1904 ____________ ...... _ 
1905 ______________ ~ __ 
1906 _____ c __________ _ 
1930 ________________ _ 
1931.... .... ___________ _ 
1932.. _______________ _ 
1033 ________________ _ 

WateJ:­
SuppJy 
Paper 

. Year ending 
Sept. SO 

447 19S4,.. __ ... __ __ 
447 ·193"--___ ~ ___ 
447 1936 _______ __ 
706 1937.. __ ... 0 __ _ 

721 19S8,... _____ _ 
736 193? ____ ... __ _ 
751 

Water­
SuPpJy 
Paper 

765 
791 
811' 
831 
851 
881 

Ye,ar ending 
Sept. 30 

mt::~:::::::::::: " ' 
1942~ __ .. ____ ..' _______ _ 
1943 ___________ ~ ___ ,_ 
1944.... ______________ _ 
1945 ______ " _________ _ 

".d.i." . ,:· __ i. "l_'~URFACE'-WAT]):RR])80UROES' : . 

. Thegaging stationo~ th~,.upper Cuyama River hear O~elia (P1.4;"H 
was installed in October 1944. Insufficient records arB aiv'ailable a:'t~ 
that."Site to be of ,\lse in this report .. , ...• ,.: ' . . , . .: 

:Only two gaging ~tationshave been Qperated continupuslY since' 
Ig30~namely, :the station on the, Cuyama' Riv.~r _u.E;,a,r Sant.':{Maria:; 
2?~ miles abov~ Alaino O'teek>ahd the station on the Ri.ll1.sna River 

, • n~ar Santa MfJ,ria, half a mile above the mouth, {See .preceding 
'. ta,ble.) .4 gaging' station wasoperatt;ld on. t4e Sisqu~·c River near 
. Si~quoc, about i?~ Iniles abo-ie'LaBl;e'a'Creek, fr.om December.1929 to 

September 1933; and at the same site since October 1943.: The sti.,. 
tjol),.onthe Sisquoc ;Riyernear GarE\Yi about half 'a, mile below th:~ 
mouth of Tepusquet Cr·~.ek -and··within the valley area, has been op~ 
erated since February.1941. The stations near the mouths of Alamo, 
L~ Bi-ea, and 'r,ePU8cjli.et' Creeks :havebeen operated since October 

"1943. The station on the Santa Maria River at Guadalupe, which 
measures, surface water . leaving the valley, has been operated since' 
)an{iary 1 941. . ' '. " 

In the study of seepage losses from streams, numerous miscellaneous 
measurements and estimates of flow have been made at places along 
the C~yaina,;Sisquoc, and Santa"1f.[aria Rivers and their tiibutar~es. 
The recOTds bf measured discharge at all gaging. stations are sUm.~ 

. m'arized in table 3 in terms of monthly arid yearly rUnoff. . ". . 
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TABLE 3_-MeaSU1'ed runoff, in acre-jeet, at etgj,t gaging stations in tiLe Santa illiaria River drainage system in the water years 1964~jtf; 
[Data from Water-Supply Papers of the Geological Survey) 

Wa.ter year j October I NObve~m- jD1,C::U- j January I Februaryj Marcb I April j May June July I August ) se£~~m-I Total 

San~ Maria River near Santa Mari~ 1 (d~ainage acea 912 square miles) 

1903-1)L _ -- _____ -- ---- __ -- --- _ -~ -, ______ ._1_ --- ------1 1904-1)5_ _ _ _ _ _ _____ __ __ _ _ _ ____ ___ _ _ ___ __ __ 6, 702-
[905-1)6_ _ _ _ _ ____ __ __ __ __ __ __ ____ __ ____ __ _ 332 I I I I I -I' 'I I I 172 363 702 1,734' 238 68 12 __________ : ____ ' _______________ _ 

1, ~~t I_, __ =~~~~ ____ :~~~~~ ____ ~~~:=~_ ,: ____ ~~3 _______ :~~_ , _____ ~~: _______ ~~: _____ ~_=~~ ________ :~_ 48

1 

637 
512 

Cuyama River near Sa:nta lYlaria (d<rainage area ~'12 square miies) 
(.F 

[929-30 _ _________________________________ 
'0 ' 0 127 855 438 1,180 '199 215 9 6 0 0 [9.30-31. _________________________________ 0 112 341 953 1,290 497 411 236 74 7 0 0 [931-32 _______________________ ~ __________ 0 311 4,730 2,560 15,300 2,220 851 497 241 50 25 12 [,932-33 __________________ ~ _______________ 26 89 582 3,810 1,280 928 643 461 326. 43 18 12 [933-34. _________________________________ 14 14 370 1,340 ·663 455 147 18 3 0 '0 0 

[934-35 __________________________ ; _______ 6 510 792 2,160 815 .1,470 2,700 473 139 42 50 27 [935--36 __________________________________ 25 B7 469 675 5,310 1,0DO 1,090 291 165 35 11 2 [936-37 __________________________________ 
ro6 195 1,060 2,560 21,160 12,140 4,130 1,130 395 ,132 48 19 [937-38: _ 0 _______________________________ 29 98 738 837 14,440 33,320 3,430 1,650 748 414 181 ,173 

[938-39 ____ ' ______________________________ 283 437 1,670 1,590 1,500 1,460 711 461 157 69 - 42 854 

[939-40 __________________________________ 284 239 438 1; 610 1,600 77.9 804 221 . 81 34 19 9 [940-41. _______________ ,, ________________ 
8 10 2,580 2,.030 11,330 26,210 16,740 3,190 934 a90 217 100· 

[941-42 ____ - ___ ----0 _____________________ 224 394 1,520 1,650 1,080 1,420 1,780 791 287 97 50 il3 
[942-43 __________________________________ 34 114 494 9,140 2,730 10,840 2,510 990 534 237 77 3& 
[943-44 c ____ ----- --- __ ---- ___ ------- _ ---- 66 324 881 910 6,790 7,020 1,460 837 443 126 44 33 

3<1 857 799 809 3,030 2,130 1,130 562 322 74 31 n 

S.<l:nta Maria River at Guad~.Iupe -(drainage a~~a L763 sq!l~re ~iles) 

\m~t ~ ~ = = ~~~~~~~~ ~~i~~·~~~i~iH~~~~~i~1 '~ I '~ I '0 I 650 I 28,D90 ;,~ r "',,~ 
"11 11 il JI U 

316 69 1 35 664 
35,480 2,310 . 33,770 . ,342 

20 13 7,910 6,610' 6 II 
0 0 4, 670 302 15 . 1 

il~~6 Cfeek rie~r San~ ~aria .(Jrai~ui:ge ~rea .. ·fri.i sqtiaf~ miies) 

~~::!~= = = = = ===========:::==-==:=~~-::=-=:j- 164 1' 149 I 160
1 

152
1 

854 '1 . 1, 740 I 300 I 2421 194 1421 . 127 173 148 . 136 606 516 288 232 189 130 

H'uasna R:iver neaf Santa Mat"_ia (drainage aTe~ 119 square roUes) 
.. 

929-30 _____________________ . ____________ ,_ j d 10 68 136 62 121 22 21 0 0 0 U 930-31 _______ , _______ ' ____________________ 
0 0 28 - 122 !l8 39 6 0 0 0 0 0 

931-32~ __________________________________ 
0 0 4,650 3,090 12,400 861 271 171 80 31 1D 16 932-33 ___________ -________________________ 

31 60 . 111 3,250 655 235 1M 96 89 25 8 8 
933-34 _____ , ___________ , _________________ n 54 140 144 109 103 33 4 a 0 0 0 

~~t~t:: :=:=::::=::'::::::= ::=::::::= :::: ' , 0 95 111 309 157 457 5,390 315 103 42 41 45 
57 84 102 125 14,970 1,370 1,300 207 , 83 65 29 29· 9311737 _______________________ _' _______ : ___ 
87 <76 226 1,750 23,680 9,250 2,590 611 193 88 59 42 937-38 ____________________________ ~ ______ 
51 99 1,060 192 23,050 20,950 2,270 971 31m 222 105 72 938-3g ___________________________________ 
82 101 138 179 279 23Q 153 59 24 8 0 1 

939-40 _______________________ , ___________ 
10 47 93 il70 2,020 1,.670 846 15.8 60 28 15 16 940-41 ______ . _____________ " _______________ 
36 50 282 1,470 24,150 23,120 16,020 2,110' 540. 254 152 112 1141-42 _______________ , ___ ~ _______________ 

118 125 2,090' 1,960 I, ~70 1,750. -2,410' 790 303 138 ._82 79 942-43 ____________________________ ~ ______ 
73 . 132 211 15,200 3,380 23; 080 .2,540 761 304 199 115 83 943-44 ___________________________________ 
94 131 , 2Q6 251 1,560 4,250 520 292 173 104 65 55 

944,-45 __________________________ " ________ gO 142 135 - 129 ' 2,179 2,780 879 301. l~O 70 39 ~4 

Sisqu,oc River, near Sisquoc (drainage area 2~O square miles) 

n9-30 ___________________________________ 
---------- ---------- 0 54 108 .2,120' 455 363. 2 0 0 0 J30-31. __________________________________ 

0 0 0 0 213 4 '0 0 0 a a 0 d31-32 ________________ ~_c ________________ 
0 0 7,070 2,780 26,900 4,.500, 1, MO 836 . 61 0 0 0 132-33 _______ ~ ___________________________ 

38 0 0 3,Q30 1,600 1,.300., ,95 181 32 0 0 a 
l43-44~ __________________________________ 

68 71 123 615 13,110 ).7, 190 5,350 2,520 931' 300 131 9, 
144-45_" ________________________ . ___ c _____ 

83 1,170 520 615 .9,800 6,320 3, 1j70 1,260. 434 133 95 7.7. 

See footnotes at end of table_ 
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9,.850 
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264 

21 •. 600 
4,720 

598 
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49,400 
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5,930 
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For purposes of this report,the SantaMaria River ili'ainage system 
is divided into nine subsidiary drainage areas tributary to the gaging 

. stations, and an ungaged area immediately upstream from Fugler 
Point (pI. 4), The greater part of this drainage system is included 
:in the drainage basins of the Ouyama and' Sisquoc Rivers and their 
tributaries. Thus," with: respect to runoff, the most important of 
these subareas are the eight above Fugler.Point, from all but one of 
which the runoff has been gaged i:o:recentyears. The physical 
·features of these drainage areas differ considim1bly; .they are sum­
marized briefly; herewith. 

The Ouyama River is the longest stream in the area. Above Ozena 
it c'Lrains a fan-shaped' high, mquntainous area, about 10· miles long 
·from east to. west; whi'ch is outside o(Santa Barbara Oounty. .Below 
(O~ena it flows northvyest for about 50 miles. across the broad Ouyama 
Valley, which is border.ed on the south by the Sierra Madre and on 
the north by the Oaliente Range. Runoff from these mountains is 

. largely absorbed in the Ouyama Valley, and only in time of flood does 
the river· flow acr~ss the full valley reach. Below Gypsum Canyono 

.: . .however, the river flows southwesterly tm:ough a narrow royk gorge 
. for about 20 miles, in a winding course across the axes of both the 

.. Sierra Madre and San Rafael Mountains. At the lower. end of this 
- reach it is joined by its principal tributaries, Alamo Oreek and the 

Ruasna Ri.ver. These two streams are each between 19 and 20 
miles long and, together with the adjacent reach of theOuyama 

, drain the northwestern extension of the San Rafael Mountains 
·",and the Sierra Madre. This is a fairly rugged well-watered terrain, 

which supplies most of the total Ouyama River runoff. Below the 
. ',mouth of the Huasna, th(l Ouyama River flows generally south for 

.aqout 8 miles to Fugler Point, where it leaves the consolidated rock 
. enters the Santa Maria Valley area, and joins the Sisquoc 

·· •. ·.·.River.· 

•. The Sisquoc River is about 40, miles in total length, the upper 25 
es of whioh' is in the very rugged region between the San Rafael' 

tains arid the Sierra Madre. (See pI. 4.) It crosses the axis of 
San Rafael Mountains about 8 miles above La Brea Oreek, and 

-"dIMI.It' .... flows through .I6w~r and less rugged .terrane to· its cormuence 
the Cuyama R.iver\at Fugler Point. The principal downstream 
tary is La Brea Oreek, which heads in the Sierra Maili'e and 

sses ..the northwest extension of ,the San Rafael Mountains. 
The Santa lvlaria River proper extends f;om the confluence of the 
yamaa~dSisq\1oq ~ivers, at.J!ugler,Point, to the , Pacific Ocean 

.~ndttayerses the fun length pf the Santa 1\1~ria ,plain .. That-nlR.in i" ';-" ',"" , "" ' _. ..,., . 
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primarily att area of water absorption ~haracteriz:ed by Io'w altitude,. 
gentle land~surface slopes, and relatively light ramDJJI.. Runoff 
resulting hom rainfall on the local drainage area tl'ib-utary to the: 
Santa Maria River proper forms an insignilicant part of the totaL 
flo-wof that stream and thus' contributes little to ground-water. 
replenishment. 

On the other .hand, runoff from the area drained by the Cuyam8l, 
and Sisquoc Rivers supplies atileast tlrree-quarters of the reBharge to, 
ground water in the valley area. (See tables 5 and 7.) Therefore,. 
it is one of the basic elements in the hydrologic equation of the valley. 
In the ensuing paragraphs) only the drainage area above' Fugler' 
Point is considered in the discussion of rauliall and runoff. 

DISTRillUTION OF RAINFALL ON THE HEADWATER AREA. 

Quantities and intensities of raulfall on the headwater area are for 
the most part unknown. Prior to 1946 (p. 58) there was no lrnowl1i 
rain gage inthe.drainage basin of the Sisquoc River ahove' the mouth 
of La Brea Creek, in the La Brea Creek basin, or in the' Alamo Creele 

. basin. Also, in the Huasna River basin rainfall reco"rds were not 
available to provide adequate information for that are'a. In the' 
Cu.yama Valley a long record at Ozena and four short records fur- ' 
nished some ihformation regarding quantities of rainfall in. that s'emi- . 
arid region. 

In this study, therefore, rainfall distribution among: the severa]. 
stream drainage basins is considered only qualitatively. Suggested 
distribution is based on the relation of orographic featur~s to storm 
paths, type and luxuriance of vegetation, and 8iZ"e andc0ndition of . 
stream channels as related to drainage ~reas of the respective streams .. 

The gen:eral topographic pattern,. as it affects precipitation, is as: 
follows: The westward-trending San Rafael Mountains form the soiith 
watershed of .the Sisquoc River basin at altitudes ranging from 4,0001 

to 6,0.0.0 feet. The northwestwa~'d extension of the San Rafael1vIoun­
tains, which is crossed by the Sisqlioc River and extends' t.oward the:' 
Santa Lucia Mountains near San Luis Obispo, forms the west water-·. 
shed of the Huasna River basin at altitudes ranging from 1,0.0.0 to· 
3,0.0.0. feet. Making an ac.ute angle with the San Rafael 110untailis). 
the ·.northwestward -trending Sierra.. Madre separates the Sisquoc" 
River basin from the Cuyama River basin; the altitude' of. its c.rest· 
ranges from 3)0.0.0. to 5,0.0.0. feet, with a few peaks higher than 5,0.0.0.1 ' 

feet. The Cuyama Valley is a long alluvial valley) whosEdl.oor ranges .. 
from 1,50.0. to 3,0.0.0. feet ab.ovesea level. The Caliente Range north 
and northeast of that valley is not high enough to havB'aIillY appreCiable· 
effect ol~,p~'ecipitation: . 

Storms nJong the coast of Santa Barbara COtlJJ.ty us-ually move' 
ulland from the southwest, west, or northwest .. Moist aUi;' moving; 

SURFACE~WATE.R"RESOURCES , . 
.'. 51' 

from the south and east acrosses the Santa,Ynez~Mountains, the San. 
Rafael Mountains; and the Sierra Madre: On the other hand, moist, 
air moving from the ?;restandnorthwest crosses the mountains drained 
by the Huasna River and Alamo Creek but with a path almost parallel. 
to the crest of the San Rafael Mountains· and the Sierra Madre .. . . . . 

Thus, under the· first condition of air movement, relatively large­
amountscif precipitation may be produced on the Sisquoc drainage 
Qasin, whereas under the second condition relatively large amounts of 
precipitation may be produced on the drainage basins of the Huasna 
River and Alamo Creek... . 

Vegetation is heaviest on the north flank of the San Rafael Moun­
tains and is moderately heavy in the Huasna River basm and on the· 

·the north flank of .theextreme eastern part of the Sierra Madre.· .. 
Moderate growths of' brush' and grass cover the south flank of the' 
Sierra Madre, 'but very. little native vegetation is present in the· 

· Ouyama·Vailey and in the h~lls north and"northeast of that valley .. 
Although factors other than rainfall necessarily affect the type and 
quantity of vegetation, nevertheless,the vegetative pattern closely 
follows the rainfall-distribution pattern suggested by the relation of 

' .. the orographic features to storm paths. . 
. Based on these studies, it appears that average yearly rainfall'is; 

heaviest on the southern and western parts of the drainage area). 
. becoming progressively lighter toward· the north and east,. Speci-' 

Scally) some of the heaviest rainfall probably occurs on the north.. 
flank of the San.Rafael Mountains within the south half of the upper 
Sisquoc River drainage. basin. Here, moist air moving in from the, 
south is forced upward over the 4,0.0.0.- to 6,o.Oo.-foot crest or th~ San 

'. RafaelMountains, with resulting·precipitation. It is true that the· 
· parallel Santa Ynez Mountains to the south, which rise to ~ltitudes. 
· of 3)0.0.0. to 4,0.0.0. feet, have alread3rexacted their toll of precipitation 

8;s discupsed in the companion report. on the Santa Ynez River valley. 
(Upson and TholnassOll, 1951), However, the greater altitude­
o.f. the San Rafael Mountains may reasonably produce secondary 

'. pl~ecipitation. ·Raulfall may be fairly uniform fro 111 the Sisquoc 
RIver nortl:Fvvard to the crest of the Sierra Madre) whence it decreases 

'. xapidly down the north fla;n.k of that range. Although ill places the 
,S.ierraMadre is almost as high as the San. Rafael Mountains, it 
.. apparently has less effect on precipitation. 
·.The Cuyama Valley and lower hills north and ~ast of that valley 

. . are v~ry dry, moisture available for precipitation apparently having 
. been mtercepted by the mountain ranges to the. south .. However 

considerable rain and snow fall on the high mountains surroundin~ 
the extl'eme easterI). part of the Cuyama Valley. For example, 
Mount Pinos,. about 2 .J,ll.iles outside of the basin, is 8,826 feet above. 
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Bea level and snow ·collects there :in sUffiQient quantities to ,provide, 
some runoff. In this area, intense thunderstorms of small·extent' and 
of short duration occasionally produce small 'amounts of flash TU1lOff 
.:in the tributary streams. This runoff, however, usually-isabSOl'bed , 
.in the Ouyama Valley. The OuyamaRiver is peremlial inmos.t 
years as far downstream as Ozena, but all except large flash flood 
;flows sink before traversing the Ouyama Valley completely. 

The northwest part of the Ouyama River drainage system also, has 
consiclerablerainfall, which probably decreases toward the 'east. Tn 
the absenc~ of any distinct mountain barrier, ,it may be presumed that 
average rainfall on the Alamo Oreek drainage basin is less than that 
on the Huasn~ River basin, and ,that the average rainfall on the 
adjacent small part of the Ouyama drainage basin is in tmnless than 
that on the Alamo Oreek drainage basin, but greatel' than that on the 
Cuyama Valley proper. 

In an effort to relieve the deficiency in basic precipitation data for 
the mountainous areas of Santa, Barbara Oounty, several p\lblic, 
agencies are l'l,OW coopel'ating in the installation and opeTatioil of 
precipitation stations in those areas: Included among these agencies 
are Santa BaTbara Oounty, the city of Santa Barbara, Oorps of Engi­
rieers of the UDJted States Army,' United States Forest Service, United 
,States Weather BU'rea,u, 'and the United States Geological Smny~ 
Dming the wiD,ter of 1945-46, 6 recording ialn gages and 10 
stOTage-type gages were installed. In addition, three snow-rain 
recording gages w81:e installed in 1946, Of the total number, seven 
recorders al.'l,d· fom storage gages are 'within the Santa Maria Eiver 
drainag~ system. The data obtained from these gages should fmriish 
valua1;lle addition,al, information concerning the principal water­
producing area of the county. 

RUNOFF AS A FUNOTION OF RAINFALL 
, , 

The distribution of rainfall on the whole drainage basin of the Santa 
Maria Valley is kn,own only in a general way, and its relation to 
runoff is exceedingly complex, probabl}T even mOTe so tb,an in the 
Santa Ynez River basin (Upson and Thomasson, 1951)~' Fmtl).eT­
nlore, runoff in the Cuyama and Sisquoc Riyers' has no direct. 
relation to TUD,off in the Santa Ynez :l;\,iver. .For example, within tb,e 
perio'cls of concurrent. gaging-station recoTds, storms of sufficient 
magnitude to produce material runoff have occurred in the Huasna . 
River and Alamo Creek drainage basins at the same time that light ' 
precipitation fell on the Santa Ynez River yalley. The opposite cone 
dition has also been obaened. 

Because of this an,d other factors that influence the rainfall-runoff 
relation, estimates' of runoff based. on 'ta'irtfall meas'\lred outside t1i~ 
area here uuder considera,tiOll are' subj ect to question. ' , "., "., , 

'.'SURFACE:-WATER RESOURCES 

RUNOFF FROM TEE B:ElAJ)WATER ,A:!'tEA 

ESTIMATES' OF YEARLY RUNOFF ; 
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,FOl: the purpose of studying 'water-supply characteristics, the h'ead~ 
water area was subdivided intomainstream and tTibutary.stream draiJi~ 
age basins, as previously indica~ed. For all these basins, except the 
oue itnme~liately upstream from Fugler Point, some gaging-station,· 
records were available (pI: 4). Estimates of :runoff from the various' 
basins vvere made in. ordeT to supplement the available recoi'ds. 

The water supplies originating in the headwater area include not 
only the smface flow in the streams but also the underfloW', or water 
percolating through the, channel deposits at' the gaging stations. 
HoweveI, the only gaging station ,at'which underflow was important 
was the 10weT station ;il the Sisquoc River. Estimates of seepage 
loss above that station were made for yeaTS in which a record 'for that 
station ,vas available. At the other main stem stations underflow 
was considered to be' negligible.·Fol' example, betweell Gypsum 
Oanyon and FugleT Point the Ouyama River flows in a narrow rock 
canyon on bedrock, or on a thin veneer of channel deposits. Under­
flow in that' canyon was estimated not to exceed a few hliudl'ed acre­
feet per year-a quantity so small as to be di@regardeel in tile es~i'" 
mated total yearl:jTl'unoff. Also, in the Sisquoc channel p,eposits,above 
the upper gaging station underflow whicb,does not exceed a small frac­
tion of a second-foot is probably all intercepted about 1,000 feet up'" 
stream from that gage by a low concrete dam reportedly huilt to 
bedrock. 

As bTought out in the discussion of gaging..'station records (p. 50); 
the periods of record on the several stTeams were so, intermittent 
that in every year except t):1etwo water years 1943-44 and 1944-45 
one or more of the tributary drainage basins was not gaged. Thus,' 
in all but these two yeaTS computations of total yearly runoff in the 
two river systems involved estimates of runoff from sizable ungaged 

""areas. Such estimates were based largely on comparison with adjacent 
gaged dTainage areas, modified in some instances by miscellaneous 

, low-water discharge measurements. Runoff was not estimated fOT 
. any year during which less than two stream-gaging stations were 
'opel'ated within the area. "The estimates therefore 'span only the 16 

, yeal'sehdingSeptember 30, 1930-:45, the longest continuous period in 
which two or more gaging station? Were operated. 

The Ul1gaged' part of the total drainag.e area was not the same in 
'all of the 16 years. For example, during the water-years 1930~33, 

'the ungaged drainage area' included the Ouyama River draip.age 
. downstream from the main:-stem gage; except that of the Huasna 
RiveT, and the drainage area of the Sisquoc Riyer downstream from 

, , , 

930370--51-5 
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the upper gage, except the narrow valley floor .. During the water­
years 1934-40, the ungaged area included the same area along the' 
Ouyama River and all of the Sisquoc drainage basin. During the 
water years 1941-43, the ungaged area included the same area along 
the Cuyama River but only the small hilly part of the Sisquoc drainage 
area downstream from the lower gaging station. Since October 1943, 
the only ungaged'part of the headwater area was the drainage area 
downstream from the gaging stations for the Cuyama and Huasna 
Rivers and Alamo Creek and that downstream from the lower Sisquoc 
gaging station. ' . 

. Also, it ;Was found that low-flow characteristics among the several 
basins varied so widely that runoff relations based on yearly totals 
for gaged areas were, not satisfactory for estimatulg runoff from un­
gaged areas. For example, the Huasna River has a high storm runoff 
but a low summer and autumn fLow, whereas the adjacent Alamo 
Creek has a relatively low storm,runoff but a considerable low-water 
flow. Thus, the normal yearly runoff from Alamo Creek may be 
,about half of the Huasna River runoff, yet in the dry year ending 
September 3Q, 1934, the total estimated runoff from Alamo Creek, 
obtained by adding monthly quantities based on miscellaneous meas­
urements, ' was' almost double the measured runoff of the Huasna 
River. Accordingly, the Tunoff figures in table 4 were obtained by 
adding measured monthly runoff from the gaged areas and estimated' 
monthly runoff from ungaged areas. ' 

TABLE 4.-lIf easured and estimated yearly runoff, in aCTe-f~et, fTom the headwater 
area;f the Santa 111 aria River drainage 'system in the water yeaTS 1930-45 

Sisquoc Cuyama River River Alamo Huasna a'bove Water year above Creek River gage Alamo near Creek Sisquoc 

-------.-~ --~ 
1929-30 ..•....•...... 3,030 2200 431' • 3, 100 
1930-31.. _. __ . __ ••. __ 3,920 ' 200 264 3217 
1931-32 .•••• ______ ... 26, SOO 2 10, 000 21,600 • 43,809 
1932-33 .... __ • __ .. ___ 7,720 ' 2, 900 4,720 , 6, 680 
1933-34 .. ____ .•• ____ . 3,020 ' 1, 000 598 , 12, 600 

1934-35 .•. __ .... _____ 9,180 , 3, 600 7, 070 , 20, 000 
19B5-36 .• ______ • __ • __ 9,160 ' 9, 000 18,420 '14, 000 
1936-37' .. __ . __ •. ____ . 43,770 ' 18,000 38,650 , 65,000 
1937'-38 ..• __ . ________ 56,060 '25,000 49,400 , 97, 000 
1938-39; .•• _______ .•. 9,230 , 1, 600 1,250 , 11,400 

1939-40 .••. __ • __ ... " 6,120 , 2, 600 5,930 , 7, 800 
1940-41.. __ .......... 63,740 , 34, 000 68,300 ----------
1941-42 ..• __ .. ______ . 9,330 ' 4, 500 11,620 
1942-43 •• __ • __ .••..•.. 27,740 , 22, 000 46,080 ------ ..... - .. 
1943-44 •• __ • ______ ... IS, 930 <1,400 7,800 

1044-46 .............. 9,850 2,860 6,880 --------..!~ 

I Includes measured runoff of La Brea and Tepusquet Creeks, 
, Estimated. 
, Does not include small diversion above gage. 

Sisquoc Seepage U=eas· 
River· loss ured 
above above balance Total 
gage Garey of runoff 
near drainage 

Garey 1 
gage area 

--~ --~ ------
~--------- ---------- . '400 7, 20{}, 

---------- ------~~-- ' 200 4;SO() 
---------- ---------- 2 12, 100 114,000 
---------- -- .. ------- ' 4, 200 26, ZOO 
'\.. .. -------- -- .. ------- ' ,500 17,70(} 

---------- - ....... ------ '3,300 43; ZOO 
-- .. -- .. ---- -------_ ... - ' 5, 000 ,q5,500 ' 
---------- ----- .. ---- ' 24,000 190,000 
---------- ---------- ' 35, 000 252,000 
----- .. ---- --- .. ------ , 1,100 24,,600, 

--i43~206' --'-i5~666' 
' 5,300 27, 70(}' 
' 8, 500 333,000' 

15,650 , 10,000 ' 1, 500 52,600 
66,320 2 10,000 ,.' 6, 000 178,000" ' 
37,800 12,600 21,500 83, 000· 

16,980 11,800 ' 880 49,251} 
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The:yearly totals of the preceding table are subj ect to considerable' 
'error, ovvm:g largely to inherent differences between.runoff character­
istics of the gaged and ungaged drainage areas; also because on the 
Sisquoc River poorly controlled estimates oflarge seepage losses had 

.' to be made in some years. For example, during the years 1941-43 

. when the Sisquoc River was gaged only 'near Garey, the estimated 
yearly seepage loss upstream from that statiQn ranged between 10,000 
and 15,000 acre-feet, or between 10 and 54 percent of the total yearly 
discharge at the station. Although, the estimates of runoff hom un­
gaged areas, may be considerably in error for individual months or 
even years, the average yearly runoff for the 15-yearperiod-91,800, 
acre-feet-is believed to be reasonably accurate .. 

"The runoff charact~ristics of the separate gaged drainage areaS', 
together vvith the basis for comparing runoff of one area with that 0] 
another, are given infoUowingparagraphs.' 

RUNOFF'CHARACTERISTICS OF THE INDIVIDUAL DRAINA(m BASINS 

Ouyama River above Alamo Oreek.-Records of measured discharge 
,at the gaging station on the, Cuyama River, 3 miles upstream ftom 
Alamo"Creek, have been obtained sIDce Decemb'er 1929 and publi.shed 
as "Cuyama RiveI' near Santa, Mal'ia." No es'timates of discharge 

. were necessary because the period of analysis was' covered by factual 
. records. 
.. ,The drainage area above the gaging station is 912 square miles. 
However, the effective drainage area above the station varied widely 
from year to year. For example, duxing normal and dry years little 
. water left the valley above Gypsum Canyon, and for those years 
, runoff past thestg,tion was essentially that from the intervening small 
. mountainous area. On the other ~land, during wet years some ruuoff 
may have been contributed from the full drainage area above the 

Because of this variation in, effective drainage area, the 
,records of runoff at this gaging station did not plot consistently with 
,. records at gaging stations on neru:by streams. Accordingly, estimates 
,of runoff from ungaged areas were not based on records ofOuyama 

.. River runoff. Those records were used, however, as a guide in limit­
ing the' estimates Which were based On the records for othel' nearby 

, streams,. ' 

Alamo' CTeek.-A continuous gaging station has been operated on 
Creek, 1.2 miles above its mouth since October 1943, and the 

,cords have been· published as "Alamo Oreek near Santa Maria.,r 
etween 1930 and 1943, numerous miscellaneous: meaSUl'ements of 

ewere made at the same site in all years except 1932 and 1940 .. 
quantities of runoff during the two years 1944 and 1945 were, 

against COliCUl'rent data for the station: on the adjacent, 
Copy of document found at  www.NoNewWipTax.com
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'. , . upper gage and Fugler Point and) also, the .. Ouyama River betweel}, 
· Huasna River and a relation between the two drainage baE?ins'lfas . the gag.e and Fugler Point. . 
"obtained, as follows; During months. of high flow the runoff from the Sisquoc River above upper gag~.-Records of discharge oithe Sisquoc( 
'Alamo Oreek basin appeared to be about half of that fJ,'om the Huasn~ River at the upper gaging station cpt 4) wer'e colleoted during the; 
:River basin. Runoff was about equal when the monthly total was . period December 19.29 to September 193B and '?;rere published as: 
::about 200 acre-feet, but during months of low dischargefiow in' Al.amo .i~Sisquoc River near Sisquoc:" These records did n()t include diver-: 
· Oreek was consistently gr.eater than that in the !Iuasna .Rlver. ' sions that may have been made at a site about 500 feet upstream.: 
{Because there was no reported surface diversion in eIther. basm, t~e, Such diversions probably were small but they may account for the 
· difference must have been due to natural conditions.. ". .:.'. periods of no flow during the summer and autumn of those years.) 
'. Duriilg the 'water years 1930-43,monthly ~unoff from thc;l .Al~mo. ',:: ~1iscellaneous measurements made at the site and on intervening 
· Oreek drainage basin was estimated on the baSIS of the Huasna RIver .'. c"'," . tributaries during 1943 .indicated considerable,s'eepage loss from the': 
(record and the runoff relationship that existed. between the tw:o streams .' '. char,m.el betw:;een this site and the gaging station below; Tep.usquet : 
during the 2 years of Qoncurrent'records. ~esults s~· obtamed w~r.~ C~'eek. The gaging station therefore was reestablished as of OCtober;' 

,'adjusted for periods of low flow on t~e 1?asls of ava:ilabl.e low.watel, .1943, using the same' structures' a/? ira the earlier' yeal's. The.recent;, 
.'.:measurements of discharge, but no adJustment was made for months ··.·'record~, however;-inciude diversions' and therefore represent the total: 

in ~hich floods occurred in the 'Huasna River. !t was found that: .' runoff above this site.. ' '. 
minor. rises in the HuasnaRiver early in. the ramy season usually. ; .. : .. '; In estimating l'unoff during years of no gaging-station record, it was,' 
were not accompanied by similar rises in Alamo 01'13131:. On th~ othe~ . ' .• considered desirable to sep!:).ta.te the dr~inage area above ~he upper: 

.. ' hand fairly heavy rainfall on the Alamo Oreek d.ramage basm wa:s <gage fi-om that below because the rainfall and. runoff characteristics: 
: nece:sary to produce an appl'eciable rise at any tlIDe. Yearly est!- "of .the two parts were quite different.' QuantitiB? of monthly runoff, 
· mates of runoff from the Alamo Oreek drainage basin are considered '.measur(3d at the upper gaging station, therefol'e, wel'~ plotted against) 
',reason~bly accurate... .'. ., ,';'corresponding quantities of runoff of the Sant~ Ynez River aboiTe: 
' The characteristics of the basm relatIve to tIle headwa.ter area as a· .• ' .• Gibraltar Dam,. which were corrected for the operation of Jameson! 
whole may be summed up as follows; Flood~eaks are not great and:: Lake. That drainage area is immediately adjacent to the Sisquoc( 

: high flows are of short duration. The stream IS cle~r except for a few " . on the south. The comparison indicated that the runoff a.t the Sisquoc: 
.·days following heavy rainfall .. It is reported never to have ceased .: . station was about 80 percen~ of the corresponding runoif' above GibFal-: 
flowing in the driest years, aJ;l.d m most years flow does not drop b .' :' tar D.am. Accordingly, quantities of monthly runoff of the SiSqUOCl 

:,1 secolid .. :foot. In the late summer and autumn of m~st years ~owJ,ll '. "the upp.er gage during the period fromOctobel' 1933 to Sep-
: the Alamo Creek may equal or. exceed the combmed fl~w m,tIte'temb'er 1940 were estimated on the basis of records .. at Gibraltar Dam, 
: Ouyama and Huasna River.s .. As a tributary of the Ouyama R:.Iv;e~ the use of this relation. Yearly runoff, obtained by adding the. 
the Alamo Cte-ek is second m lIDpOl'tance only to the Huasna ... ' ted monthly quantities, is considered reasonably accurate. 

' I-Iuasna River.-A continuous.gaging sta~ion has b~en operated ,., "The part of the Sisquoc River drainage basin above the upper gage! 
: December 1929 on the Huasna River, 0.5 mile above ItS mouth, and. ,probably the' wettest of all the, drainage areas here.considered. In'. 
' records have been published as "Huasna River near Sai1~a Mar~~(' years runoff from the 290 squal'e miles apparently equals that: 
:' The period of study was cove.red ?y that l'ecord.. ',l'he dr~mage.. the remaining 1,300 square miles.in the headwater ai'ea. This is, 
· above the gage, 119 square miles, IS largely m~untamous ~th a· . true in all years, howeyer, because of the v!)J:iation in rainfall, 
fal:med area in the middle Pal't. Storm runoff IS fl.ashy~d IS .. 'bution from year to year, but in all years this 290 sq.ual"e' miles) 

· by rapid recession to mediu~ rates of flow. The st~'eamls clear ;' .drainage area is a very important contributor ·to the Santa Maria 
during floods and is perellll1al at the ~age. except.m the SUllll~ru,: .' lL.rea. 

: autumn of consecutive dry years. It 18 the mo~t Important. tl'l?~ SiSQUOC River above lower gage.-A gaging station has been operated; 
· of the Ouyama RiYer. . '. , . '. . Febr.uary 1941 on the Sisquoc River, about 0.5 mile dO'wnstream~ 

Records at this. site Were used. as the baSIS for est~matmg Tepusquet Oreek ... The records of runoff, published under the" 
· from the .AlamoOreek drainage basin ~nd ftom the :mgaged .. " :~eading. "Sisquoc River near 'Garey," represent runoff frorp. all the: 
the south, which includes·tributaries oithe SISqUOC RlVer between Copy of document found at  www.NoNewWipTax.com
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. drainag'e area of the Sisquoc River .except the small area to the west, 
between the gage and Fugler Po:int. However, the records did not 
include considerable quantities of seepage 10sSfrom the channel between 
the upper and lower gages. Miscellaneous di~charge measurements 
made in 1943 and subsequent gaging-station records on the main 
stem and tributaries indicated that seepage loss above the gaging 
station near Garey was about 15 second-feet lat.e in the runoff season. 
It may have been much greater than this ea,rly in the season and also 
during high flows when considera,ble areas o.f the channel wer~ flood~d .. 
. Beca,use the seepage loss was substa,ntlal, and because It vaned· 

. from year to year depending on the duration and quantities of total 
yearly flows, no estimates of prior runoff 'at this gag~g, station wer~ 
prepared. Records at the Garey station were used 111 the oo:uputa-
tions of total inflow to the Santa Maria Valley area only dur111g the 
water years 1941-45. For earlier years estimates of runoff from the 
are.a above the upper stati.on on the Sisquoc River plus runoff from 
the intervening area between the two stations were considered more .. ·. 
reliable than estimates at the lower station plus estimates of seepage· 

loss above it . 
. La Brea Creek.:"'-Records of discharge have been collected since~ .. 

October 1943 on La Brea Oreek, 0.4 mile above the mouth, and·,'· 
published as i'La Br.ea Qreek near Sisquoc." In addition, one mis< 
-cellaneous measurement was made near this site in 1942 and six were>.',· 
made in 1943. The gaging station is on the valley fill about 0.3 mile 
downstream froTb. the consolidated rock channel and sorne small 
seepage loss above the station was not included in the recods of? 
runoff, '.'" .•... 

Records of measured runoff from the .La Brea Oreek drainage basiQ.' 
do not appear directly in table 4 because the concurrent records on 
the Sisquoc River near Garey include runoff from this basin. . .'. 
records were 'used, ho'wever, in computing seepage loss above, 
dming the 2 years ending September 30, 1945, and in setting up .•••..• 
of seepage loss above Garey for use in e~rlier years. The records were. 
also combined with records of runoff from the Tepusquet Creek ...•... 
draulage basin to derive runoff relations which were ~sed in e~tima ...•••••..... 
for years predating the period of record for these basllls, as d7scussed. 
on page 66. ". .. 

La Brea Oreek drainage basin is uninhabited except for a few 
stock ranches, which require little water. The basin is mo:mtaino 
throughout and is characterized by flash runoff, accompanYlllg 
rainfall followed by rapid recession to small flows. A small ~A"n.".m 
flow is ~resent in most years in the lower reaches of the ~'ock 
but that flow sinlm into the valley fill so .that the stream IS dry at 
mouth during each summer and autumn. During the 2 years of 
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the basin contributed 6 or 7 percent of the total inflow from streams 
to the'valley area. . 

Tepusquet Creek.-Recofds of 'discharge have been collected since 
October 1943 on Tepusquet Creek, 1.1 miles above the mouth and 

· published as "Tepusquet Creek near Sisquoc," Prior to the ~stab­
lishillent of the gage miscellaneous.measmementswere made as follo'ws: 
one in 1941, one in 1942, and eleven in. 1943, The gaging stat.ion is in 
a nanow rock-walled canyo~ and underflow is. negligible. The stream 
is perennial at the gaging station ill most years. Low flows are ab­
sorbed within a few hUndred feet after reaching the Sisquoc chalUleL 
As with the. La Brea Creek record, the records of runoff from the 
Tepusquet Creek drainage basin do not appear in table 4. They were 
used in conjunction 'Vviththe La Bi'ea Creek records, as discussed on 

· pages 64 and 66.. . 
Tepusqllet Oreek drainagebasin is mainly one long canyon with fan-

· like tributaries in the moun.tainous headwaters. Starin runoff is very 
small-the basin absorbs all but the heaviest rains. Flow is uniform 
in Virinter and holds up until well into the summer, when it slowly 
recedes to the autumn low. Any diversions above the gage are too 
smi,L~l' to be detected by diuTllal fluctuations in flow at the gaging 
statIOn. ' 

'. . Ungaged area above. Fugler Point.-The preceding discussion has 
'. dea~t ~th records and estimates of runoff from the several d:r:ainage 
basllls 111 the headwater area for which records were available in some 

No records of runoff were a vailable for the remainder of the 
headwater area, which includes downstream segments of both the 
.~uyama and Sisquoc River drainage basins between the gaging sta­

.' tlOns and Fugler Point. In order to complete the estimates of total 
.'... reaching the Santa Maria Valley areafrol]J.the hea.dwaterarea, 
.It was necessary to estimate the runoff from this downstream area for 
.' all.years. 

:The chaTacteristics of this part of the headwater area are somewhat 
ent from those of the Alamo Creek drainage basin and the 

uoc River drainage basin, so that it was not feasible to combine it 
either of the others in preparing estimates of runofl'. The area 

. ts .largely of foothills and mountains of relatively low altitude;'" 
.vlllghghter ayeTage rainfall than either the Alamo or Sisquoc basins, 

! .. B.ecause of the staggered periods of record at the various gaging 
· tatlOns, the downstream ungaged area was not constant. throuO'hout 

period of analysis. During the'p~riod prior to October 19°40 it 
uded the drainage area downstream from the gaging station· 011 the 

River, excludiIi:g the. Huasna River and Alamo Oreek basins 
the drain~ge area downstream from the uppergage on the Sisquo~ 

..•. er, excludlllg that part previously described as being in the valley Copy of document found at  www.NoNewWipTax.com
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area. Since October 1940 it has included the same area downstream' 
from the Ouyama gage and the small.hilly part of the area north of the 
Sisquoc River, and dovYllstream from the lower Sisquoc gage. 
. The procedure used for estimating l'unoff from this area. prior' to 
October 1940 'was as follows: Monthly rUlloff during the 2 years 
1943-44 and 1944'--45 was gaged at the stations on La Brea and 
Tepusquet Oreeks. Runoff during those 2 years from the ungaged 
area adjacent to the Ouyama River and from the ungaged area 
adjacent to the Sisquoc River valley Boor downstream from the upper 
gage (mostly FOXBn Oanyon) were each assumed to be about equal. t9 
runoff froni Tepusquet Oreek drainage basin. Thus" runoff durlllg 
those 2 years from the total area below the Ouyama. and upper " ...... . 
Sisquoc gages was estimated as the sum of the runoff of La Bre~ ?reek 
plus three times the runoff of Tepusquet Oreek .. Total quantItleS of 
monthly runoff so derived wereplotted with corresponding quantities 
of measured runoff of the Huasna River. Although the plottedpoint,s 
scattered considerably, estimated runoff from the area under study­
seemed to be about 90 percent of that from the Huasna River drainage· 
basin. This relation was applied to the records of runoff of the Huasna 
River prior to October 1940, to estimate quantities of runoff from the .' 
ungaged area above Fugler Point for the equivalent period. ':She.' 
ninofl' computed by this procedure was found to be uDi'easonably hIgh. 
for seyeral months as compared to estimated runoff in the adjacent'. 
drainage basin of the upper S~squoc Riyel', which had been computed 
from records for the Santa Ynez River. The runoff was adjusted 
arbitral"ily for those months so as. not to exceed 50 percent of the 
estinlated runoff from the upper Sisquoc drainage basin. This adjust­
ment v~as made on the basis of the i'elation between runoff oUhe two 
areas during the last 2 years when gaging station records were availa­
ble, probable rainfall distribution on the two areas, and the fact that 
the estimates of runoff for the Sisquoc were based on more and better, 
factual data. 

For the water years 1941-45, the uugaged balance of the 
area included the area downstream from the Ouyama gage and 
small hilly area downstream from the lower Sisquoc gage and. 
of .the riYer .. For the period October 1940 to September 194;3, . 
from the ungaged balance was arbitrarily estimated on the basis . 
unit runoff from adjacent areas. For the period October 1943 to, 
September 1945, runoff from this area was assumed. to have been:' 
about the same as the measured runoff from the Tepusquet Oreek 
drainage basin. '. ." . 

Estinntes of ;lillOff in all years from the ungaged area immediately 
upstream from Fugler" Point are considered poor. However, the' 

. quantities represent only about 10 percent of thetotal inflow to 
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Santa Maria Valley area during the period prior to October 1940 and 
only 2 01' 3 percent of the total dming the later yeaTS .. The inaccmacies 
in the estimates, therefoTe, do not introduce very material errors into 
the estimates of total infloW-. 

SEEPAGE r.OSSESFROM STREAMS 

At the start of this,investigation it was known that 'water was lost 
by seepage from stream channels in the Santa Maria Valley area. 
The evaluation of such losses was an integral part of this study of the 
water l'esomces of the valley. The difference between tlie total inflow 
from the headwater area, wh~ch has been summarized in the iOTegoing 

.. paragraphs, and the total Burface-water outffow to the s'ea was con­
sidered to be approximately equal to the total seepage losses within 
the valley. Theruno:fI from the valley area proper 'was quite small 

· aud no allowance was made for it in the seepage stu9.ies. 
. Numerous miscellaneous'measmements and estima.tes of stream 
· discharge indicated that principal losses .occurred in the reach between 
the upper gage on the Sisquoc River and the inland edge of the arte­
sian area on the Santa Maria River (pI. 5). Minor losses were noted 

.' downstream from the Ouyama River gage to_ its cou:B.uence with the 
SIsquoc River at Fugler Point. These reaches of sti'eam. channel ,are 

' .. within the recharge aTeaas de£ned ill. this report (p. 73). In the 
. \'Ii-estern part of the valley area the Santa Maria River is separated 
from the main ground-water body by coDiining beds, and very little 

:pel:manent seepage loss occms. Stream flow reaching the area .of 
· confined ground water is largely wasted to the ocean, . 
, . Smface-water outBow· was largely measured at a gagir).g station 
installed OIi the: Santa Maria River at Guadalupe in January 1941 
(table 3), well within the artesian area(pl. 5) .. Oonsiderable cliffi.­
eiJlty has been experienced in the operation of this station. Dw.'ing 
pei'iods when the river was flowing, the stream has continually shifted 
back and forth across the wide sand channel so that gage heights have 
'been uncertain, when recorded at all. In some l'Bcorded years the 
:flow at the station was so small itnevel' Tegistel'ed on the gage. Dis-

. records during those pe1'iods when the stream was away from 
the gage were computed largely on the basis of the composite inBow 
hyclr'6graph adjusted to discharge meaSUl'ements made at Guadalupe. 
. ... EYen though the discharge nlcbrds at Guadalupe W(:lre rated no 
better than "poor," nevertheless, they fmnished considerable valuable 

.' . reg~rding rates and quantities of seepage loss above that 
station. Fo!' example, in the year ending September 30, 1942, the 
measured and estimated total in£ow to the valley was 52,600 acre­

.' feet, but the outflow in that year as measmed at 'Guadalupe was 
>'only 1,090 acre-feet; .01' the loss from stream chahuels above Guada­
'.lupe was about 51,500 acre-feet. Similarly, during several mont,hf'.t.hA 
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total inflow was more than 15,000 acre-feet, whereas the outflowwasfrom 
zero to a few hundred acre-feet. Thus, sizable errors in the Guada­
lupe record "lvould have made no material change in the estimates of 
total seepage losses for ,those periods. 

A study of several storm periods indicated that seepage loss from 
streams exceeded 1,000 acre-feet per day fOl~ moderate flows and that it 
probably exceeded 2,000 acre-feet per day during major floods when 

,large areas of channel were floaded. In view .of the large and variable 
rates .of seepage lass above Guadalupe, it was concluded that for years' ' 
prior to the periad .of recard reliable estimates of stream flow at tha;t , 
station could not be based on flow at the upstream gaging stations; 
rather, it appeared that du:ect es~imates .of seepage loss during thase 
years wauld be mare accurate.' , 

Accordingly, monthly estimated quantities of seepage loss during the 
water-years 1941-45 were plotteri against carrespanding estimated 
quantities of total inflow to the vaHey flaar fram the headwater area. , 
The follawing significant relations were established fram this study;' 

, Far all manths 'with,less than 10,000 fj,cre~feet .of tatal inflaw there was' 
. na autflaw at Guadalupe, indicating that (neg)ecting evapotranspira-, ,',. 
tion; seep. 71) all inflawsank inta the graund. For mapths in which 
ilow was unifarm, with no majar. flaads, the amount of inflow might 
be as much as 20,000 acre-feet vnthaut any autilow at Guadalupe. " 
A gaad example was 11arch 1944, during which manth a maderate 
vms sustained and no large ilaod .occurred. Estimated tatal inflow' far, 
the manth was 34,200 acre-feet, but, because it was well distributed 
with respect ta time, only 5,610 acre-feet passed Guadalupe, .or 28,600' 
acre-'ieet seeped out .of the channel. Rises occurring late in some ," 
manth~ , caused scattering of the platted points, owing ta chaDJlel' 
starage, and because flash flaods may have exceeded the capacity .of 

the channel ta absorb water. Far example, in 1943, when all 
were law until January 21, the sudden ilaod beginning that day WaS 

great enough ta bring the estimated total inflaw far the manth up to ,.' 
55,600 acre-feet. Probably more than,90 percent of the tatal inflaw 
occuri'ed during' the latter third, .of the manth, and the high 
from that storm greatly exceeded the maximum absarption 
of the channel. Consequently the excess water was wasteri 
ocean, and the estimated total seepage loss for this month was only, 
20,100 acre-feet. ' ' " ' 

Just as the monthly quantities .of seepage lass depend an the distri­
bution of inila", 'with respect to time as well as an its tatELl 
amount, so also the yearly quantities of seepage loss depend on 
monthly distributian .of inflaw' as well as on the total yearly' 
of inflaw. Dming yearsin which rainfall was ,well distributed 
na major flaads occurred" seepage lasses were' caJ1siderably greater 

SURFACE-WATER RESOURCES' 69 

than dUring years in which the' total inflow was about the same but 
in which mast of the inflow was concentrated in one or two major 
flaads . 

. On the basis .of these principles, quantities of monthly seepage loss 
for the years ending S,eptember 30, 1930-40,' were estimated as follows: ' 
For all months in 'which total inflow was less than 10,000 acre-feet, 
the entire inilaw was cm1sidered to have seeped from the channel. 

,Far manths in which tatal inflaw exceeded 10,000 acre-feet, the daily 
records of ilow at available gaging stations in the area, and also in 
adjacent stream basins, were ~tudied ta determine the presence or 

.. absence of floods and the distribution of flow With resepct to time, 
Seepage losses far those manths were adjusted for excessive ilaods and 
far floads 00curring neal' the end . of the months. Estimated yearly 
seepage loss was then'obtained by adding the monthly estimates. 

Table 5 presents estimated yearly inflow to, outflow from, and seep­
age losses i'l'ithin the Santa Maria Vaney area in the 16 years endmg 
September 30, 1945. Quantities of estimated yearly inflow were 
.obtained ham table 4. Outilaw was measured beginning in 1940-41 
(table 3), The quantities of estimated yearly outilow during the 

, years priar ta 1940-41; as given in table 5, repl'esent the residualdiffer­
ence between estimated in:flaw and estimated s'eepage loss during tb,e 
respective years. Yearly seepage lasses du~ing the years prior to 

5.-Estimated seepage loss, .in acre-feet, from st7'eam channels in'the Santa 
~M aria Valley area in the wilter years 18S0-45 

Year 

1929-30 ________________ ----_- ____ _ 
1930-31 _____ ~ ____________________ _ 
1931-32 ____ ~ _____________________ _ 
1932-33 _________ ~ ________________ _ 
1933-34 __________________________ _ 

1934-35 __________________________ _ 
1935-36 _____________________ ~ ___ ~_ 
1936-37 __________________________ _ 
1937-38 ______________ - ___________ _ 
938-39 _______ • __________________ _ 
. , 

939-40 __ ~ ______ : ___ .-----------.-::1940-41 __ ~ __ c ____ ~ _______________ _ 
", 1941-42~ _________________________ _ 
':1942-43 ______________ :. ____________ ' 

)943-44 _________________________ , __ 

1944-45 __ ' _____ ' ___________________ _ 

TotaL _____________________ _ 
16-year average_~ ___________ ~ 

I outflow measmed et Guadalupe. 

Inflow 

7,200' 
4, 800 

114,000 
26,200' 
17,700 

43, 200 
'55,500 
190,000 
262, 000 

24, 600 

27, 700 
333, 000 

52, 600 
178,000 

83, 000 

49, 250 

1, 468, 750 
91, 800 

Outflow 

o 
o 

42, 000 
3, 700 

o 

3, 600 
19, 300 
88,000 

135, 000 
, 0 

O. 
1 183 300 

. 1 1; 090 
1 71, 900 
1 13,560 

14,990 

566,440 
35,400 

Seepage loss 

7, 200 
, 4, 800 
72, 000 
22, 500 
17,700 

39, 600 
36,200 

102,000 
127, 000 
24, 600 

, 27,700 
150,000 

51, 500 
106, 000 

69) 400 

44, 300 

902, 500 
56, 400 
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1940-41 were estimated directly, as describ~d in the preceding para­
graphs. For the years beginning 1940-41 seepage loss is the re~idual 
difference between estimated in:flow a:ndmeasured out:flovy. ' 
" Figure 2 presents in graphic form the estimated average monthly 

, , quantities of inflow, seepage loss, and surface~water outflow for the 
Santa Maria Valley area during the 16-year period analyzed in this 
report. The two graphs on that plate are based' on the same' data. 
The m1)JJl.tbly hydrograph shows the distribution of quantities with 
:respect to time but the mass diagram, or cumulative monthly hyc1ro~ 
graph~ shows more Clearly the divisIDn of inflow into seepage loss and 
surface-water 'outflo,v. 

Estimated seepage losses during months of low and moderate :flow 
are as accurate as the estimated quantities of total in:flow. EstimatedQ 
losses ,during floods are subject to question but are as accurate as: 
available .da,ta I')ermit. Future records of discharge at the present 
gaging 'stations will furnish data which will either confirm these esti­
mates Dr establish a factual basis for their revision. 

The over-all difference between surface-water ill:flOW and outflow 
was classified as seepage loss in table 5. ' Actually some water evapo­
rated from the'water surface, in the streams and fro'm the chalm~I 

,'sfLnds, and tr!:Ll1.spired through ripa~'ian vegetation, and so did ~6t 
reach' the main water body of the San.ta Maria Valley area. S11ch 
losses by evapotranspiration are believed not to have exceeded a few 

, ,hundred acre-feet a year, however, and sow-ere not deducted f~om the, 
.over~all difference. 

Under natural conditions of stream regimen that prevailed dur:ing: 
the period of current analysis, most of the runoff and seepage loss took 
place during ,the '!'tinter and early spring months, "vhen evapotrans­
piration losses were at a m:inimum. However, the disturbance of 
the nat:w:al regimen, :in which :flood waters might be detained in sur-
ffl,ce reservoirs and'later released dUrlllg the summer, vi'Ould result 
:in disproportionately large losses by evaporation from the reservoir 
surfaces and from stream channels. For example, in the headwaters, 
'Of the Santa Ynez River, about 50 miles southeast of the Santa l\1aria. 

, Valley, the 14-year average evaporation att,,yo stations, as measured by 
dass A land pans, was 1.10, and 1.2S inches, respectively, during the 
month of January, andS,OS ,and 9,SO mches, respectively, during the 
month'of July (Upson and Thomasson, in pr,eparation). Furthermore? 

• "the conservation of :flood waters tfu·ough. ~he use of storage reservoirs 
probably produce large additional losses by transpiration~ 

fj,ter-loving' plantsa:round the edges of the reservoirs would take; 
", their toU and, also; mally acres of riparian vegetation could be expected: 
t<:> SWing up and :flourish along the stream channels, which noW' aTe' Copy of document found at  www.NoNewWipTax.com
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mostly barren, if fmnished an adequate supply of water dming the 
growing season. 

Although evapotranspiration losses might be increased manyfold 
by the regulation of the stream regimen] such losses could be mini­
mized by releasing the stored flood waters as rapidly. as the stream 
channels could be made to absorb ·them. The increased evapotrans­
.piration losses resulting from reservoir storage undoubtedly would 
be far more than offset by thereductionin peak flows and hence the 
salvage of water that otherwise would waste to the ocean. The 
stream system appears to be well suited to the development of dual-
purpose reservoirs for the control of floods and the conservation of 
water supplies. 

GROUND-WATER .RESOURCES 

This ev~luatibn of the ground-water resomces of the Santa Maria 
Valley area is developed through successive treatIl1:ent oithe OCCm­
renee' of ground water essentially in a smgle main water body] its 
magnitude and its containing fOTmatlons, and conditions v\Tmch cause 
its parti~l confinement; the source and movement of water tluough 
the deposits] with a critical analysis of the controlling factors;'. the 
natuxe and quantity of recharge; the Iiatme and quantity of discharge i . 
water-level fluctuations and their relation to net changes in ground­
water storage; estimates of perennial yield of the basin; and finally 
the general chemical quality of water and possibilities of sea-water .. 
encroachment. The quantitative hydrologic studies are limited to 

. the period 1929-45 by the availability of l'ecords on water levels, 
rakrall] r~moff, and pumpage. . 

OCCURRENCE. OF GROUND WATER 

l\UIN WATER BODY 

The main ,,-iTater body of the Santa Maria Valley area extends . 
continuously from the head of the Sisquoc plain on the east to the 
Pacific Ocean on the west and is contai:p.ed within the uncons.olidated 
deposits that fill the major syncline] described on page 42. Millor' .. 
arms extend up the tributary tongues of alluvial material, principally 
those along the Cuyama and Sisquoc Rivers. The containing forma:-­
hons include the alluvium] the Orcutt and Paso Robles formations] 
and the Careaga sand; also] locally] the terrace and channel deposits. 
'(pI. 1). The bottom of the water body is considered to be at the . 
base of the Careaga sand. In the deeper parts of the basin the water, 
may be of poor chemical quality. 

This main water body is as much as 8% miles 'wide and underlies. 
an area of about 110,000 acres. Its maximum thickness. is about 
1,300 feet beneath the Sisquoc plain near Sisquoc and 2]800 feet 
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beneath the Orcutt upland near Orcutt; how,ever, the average thickness 
is roughly 1,000 feet. Thus, the total volume of saturated deposits 
is roughly· 100]000]000 acre-feet. Unfortunately] only a very small 
:part of the total volume of water in the containing deposits can be 

· withdra,vu for use without exceeding the perennial yielding (p. 123)', 
Most wells. penetrate only from 200 to 400 feet into the main water 

body; they disclose no marked differences in head of the water within 
that range of penetration. With respect to the land smface, in general 
the head in w.ells ranges from about 500 feet below in the southeast part 
of the Orcutt upland to about 10 feet above near the coast. Any minor 
differences of head which may exist between the several formations 
tapped probably are largely equalized within the casings of wells which 

· tap more -than oU:e formation. In the few deep wells perforated only 
in the .Paso Robles formation] the head isa few feet higher than in 
shallower wells' 'tapping only the overlying formations. This slight 
increase of head with depth probably is due to local confinement of 
water beneath clay lenses in the Paso Robles. Plate 5 shows contours 
on the water table or pressme surfaceof-the main body. 

Beneath the eastern. and larger part of the area about 80;000 acres 
of the main water body is uncorrfined; however] beneat:(J, the western 
part of the Santa Maria plain about 30,000 acies is confuled beneath 
the upper member of the alluvium. ' In turn] the area of corrfined water 
has two parts-an eastern part where the head of water is below the 
land surface, and a western part where the head is above the land sur­
'face and where there are flolving wells. The extent of the area of flow­
ing wells has Yaried considerably during the past 27 years, as is shown 
on plate 5. . 

. The eastern boundary of confined wate~ is somewhat irregular and 
intangible] ,but in general] it is roughly along the line between Rs. 
34 and 35 W. (See pIs. '1 and 5.) This position is deduced chiefly 
from physical and lithologic fea'tures of the upper member of the 
alluvium, from differences in the fluctuation of water levels in wells] 
and from the repoi,ted areas of ground-water discharge as of 1918. 

The m:ea of unconfined water is one of 'potential recharge, and is 
· called the intake area becaus"e there water is able to infiltrate from the 
land. surface down to the water table of the main waterbody. On the 

. other hand, in the area of confined water, there is essentially no in­
filtratiqn from ·the land surface because of thelow permeability of the 
confining beds. " 

MlNOR WATER BODIES 

In the SantaMaria Yalley area there are three known minor water 
bodies, as follows: 

1, A thin .and :possibly discontinuous body beneath the ~entral part 
of the Orcutt upland, contained in dune sand. It is perched above the 
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li1ainwater body on fine-grained deposits or old soils of theOi'cutt 
formation, and it supplies water in small quantities to a few domestic 
wells, Recharge is wholly by infiltration of rain and water not 
,yithdraW11 or retained in storage eventually reaches the mairi water 
body lJelow. 

2, A relatively thin body beneath the Nipomo upland; contained in 
the terrace deposits and upheld by consolidated rocks; Wells tapping' 
this body yield water in quantities sufficient only for domestic and 
stock' needs, Recharge is principally from rain but partly from minor 
streams, South of the drainage divide water that is not extracted 
moves southwes~ through the deposits and ev-entually reaches' the 
main water body. (See pl. 2, sec. D-D'.) 

3. A shallow bodjT in the uppetm~st part of the alluvium and in the 
channel deposits in the area of main-body confinement; and extending 
il1tothe dune sand at the west end of the Santa Maria plain. Recharge 
is chieBy by fleepage hom streams, and infiltration of ra,in and irriga­
tion water. Discharge, which takes place by drairl,age westward. 

, tovvard the ocean, sustains the perennial dry-season Bow in the lower 
l'eaches of the Santa 11arla Riv61' and Oso Flaco Oreek. No wells 
tap this body, 

SOURCE AND MOVEMENT OF GROUND WATER 

GENERaL FEATURES SHOWN BY WATER-LE'iTEL CONTOURS 

The sources of ground-water recharge are indicated by the direction 
of movement of water in the main water body, Water moves away­
from areas of replenishment toward points of discharge, Specifically, 
provided impermeable barriers do not exist,' movement is indicated 
by diffe~ences of head between any two' points because water always' 
moves from a point of high head to' a point of low head, Oontour 
lines drawn on the smface of a water body connect points of equalhead, 

Plate 5 shows by contours the head of water throughout the main 
water body, based on measurements of "static" (nonpumping) l~yels 
in wells made in February to May of 1936 and 1942. Those for 1942 
are based on measurements 'made and compiled by the Geological .. 

. Survey, and those for 1936 were supplied by several agencies in the 
Santa Maria Valley. Altitudes of wells were determined by spiht 
leveling or aneroid barometer, or weie interpolated from topographic 
maps. Withill. the area of confined water the contours are drawn on. . 
the pressure surface of the main water body, and elsewhere on the.' 
water table. 

The contours for 1942 show the head of water during a periodQf ' 
relativ~ly high water levels, and those for 1936i.~how the head duriiig . 
the lowest period of record. The map also sllows the approximate 
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eastern ~imit of the area of flovring wells in 1918, 1936, and 1942, and. 
the reported areas of ground-watel"over:doyv in 1918, 

With l'espect.to soui'ce, both sets of contours show that within the 
intake area water moves gel;~rally 'westward away from the Sisquoc' 
and Santa Maria Rivers i water moves northward away from the 
Oasmalia and SoloD:l.On Hills, and southward from the western part 
of the Nipomo upland; and water moves down the lower course of 

· the OuyamaRiver. Similar movement down .the canyon of the 
Sisquoc is indicated by maps not here reproduced, In other words, 
the contours show that substantial recharge to the main water body 
isac.complished by seepage from streams, infiltration of fain on the 
bordering hills) and underflow in the alluvium and channel deposits. 
a.long the rivers, Oonsiderable recharge also is accomplished by 

· infiltration of rain on' the intake area, but this is so. thoi'oughly dis­
persed that it is ·not ShOI"711 by the contoms. 

Although the shape of the contours on plate 5 is inBuenc.ed chieBy 
by recharge, itis modified also by conditions within the main water 
body, such as changes in, permeability of the containing deposits and 
changes in cross-sectional area of the deposits, and by fault barriers. 
The variations in the movement of water through the area as caused 
by thes(;) struGtur;;lj~~d Iitholpgic features, a;nd'hence the GB-angef?-in 
the cOJ?figmation of the contours, are discussed separately as follows: 

MOVEMENT IN TEE SISQUOO VALLEY 

The contour map (pL5) shows that beneath. the .Sisquoc plain· 
· water is moving with a fairly uniform hydraulic gradient in a westerly 

direction, The direction· is established 'by the natural westward 
drainage and the withdrawals for -irrigation farther "vest, Along the 
north and south sides of the plain few data are available concerning 

· the movement, but it is presumed to be towards the plain, 

PERCOLATION FROM T:B:E SISQUOC VALLEY TO TEE SANT.A:MARIA VALLEY 

1'4e movement of water from the Sisquoc valley to the Santa Maria 
Valley takes place through the Oareaga sand, the Paso Robles forrrla­
ti~n, and possibly the terrace deposits on . the south side of Fugler 

. Point, and principally through the alluvium on the north side. At 
Fugler point the main water body is split longitudinally by the out­
~roppiiig tar-impregnated O(1reaga sand, which forms an impermeable 

. "Island" at the north end of t:qe Point, (See geologic sec, B-B' ,. 
· pI. 2,) . . 

· . The water-level contour map shows that south of Fugler Point, a. 
. rapid steepening of gradient occms immediately west of Garey from 

about 25 feet per mile to about 100 feet per mile.. There are several 
possible explanations for· this featme, and among the most lil{ely are. 

930370~1i1-6 
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the following: a large decrease in the permeability of thesatmated 
deposits as water moves from the highly permeable alluvium to the 
less permeable older formations-thus; in order to transmit the same 
quantity of water through the less permeable deposits a steeper 
hydraulic gradient would be required; the inferred westward plunge 
of the base of the permeable beds west of Garey which might cause a . 
steepening of hydraulic gradient; and the presence of the postulated, 
Fugler Point fault (p. 43) which might retard the movement 'by a 
reduction in effective cross-sectiona,l, area through displacement of 
beds, through cementation, or through impregnation by tar seepage. ' 
Until more data are available on the existence of the fault, the first 
two explanations together are believed to be the most reasonable. 

In the alluvium· on the north side of Fugler Point, on the other 
hand, the water table has approximately the same gradient as estab­
lished in the Sisquoc valley but steepens rapidly below. Thus, there 
exists relatively fl"ee hydraulic continuity between the Sisquoc and 
Santa Maria valleys through the alluvium. 

The.quantity of water moving as underflow from the Sisquoc valley" 
to the Santa Maria Valley through the alluvium is of particular 
interest, especially in view of possible future water-spreading opera­
tions in the cl~.auuels, and the subsequent transmission of water 'stored . 
in the deposits of the Sisquoc valley. The' a:r;nounts of underflow for 
the two years 1936 and 1944 are used to show theextreIX!es of maAi~ 
mum and minimum values, respectively, and are determined by the 
use of Darcy's law,which may be expressed by tJ:.e formula 

Q=PJA, 

in which Q is the quantity of water in 'gallons per day, P is the per:'; . 
meability coefficient in gallons per day per square foot, I is the h3T~' 
draulic gradient in feet per mile, and A is the cross-sectional area ' 
square feet (Wenzel, 1942, pp, 3-4). The permeability coefficient us.ed 
is 3,500 gallons a day per square foot, obtained fronl the test on well 
10/33-21Rl (p. 38). Obviously, at best.,this value is only an estimate 
because it was determined in an 8,l'ea 2 miles,doWDstream, and further' 
it may not apply strictly to both years when the deposits were satu'r~ 
ated to different depths. ' . 

In 1936, the hydraulic gradient was about 15 feet per mile. (Se~ 
pIs. 5 and 6.) The width of the 'sat1uated deposits was about 3,000 . 
feet and the thickness about 60 feet, giving a total satmated cross~ 
sectional area of about 180,000 square feet. The quantity of water 
movin.g through these deposIts in 1936 is computed to have 
about 1,800,000 gallons a day-about 2.8 second-feet, or 2,000 ~cre~ 
feet a year. ' '. 
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Si.:mjli1l'ly, in 1944 the hydraulic gradient was about 20 feet per mile. 
The width was the same, 3,000 feet, and the saturated thickness was 
about 100 feet, giving a total E)aturated cross-sectional area of 300,000 
square feet. The quantity of water moving through the deposits 

, then was about 4,000,000. gallons a day, about 6.2 second-ieet, or 4,500 
acre-feet a year. Thus the natural limits of underfloW' have ranged 
from about 2,000 to 4,500 acre-feet a year. . 

MOVillMENT,m Tru SANTA. 1>£A.RIA. V.ALLEY, , 

Th.e water-level contour maps (pI. 5) show three main features in 
regard to the movement of ground water in th~ Santa Maria Valley, 
as follows : a stri)rii:J.g longitudinal break or nattening of hydraulic 
gradient near the centra~ part of the valley; a ,vide lateral shifting 
of the trough, or low" down the middle of the valley between 1936 
and 1942; and a:.seaward gl'adient to and at the coast. 

The longitUdinal break in hydraulic gradient near the central part 
of the valley, which in,1942. was from about 40 feet per mile on the 
e.ast to less thaI). 10 feet per mile on the west, is evident as far b~ck as 
1907 when there was little pumping .~ the' area. This is clearly 
shown by the profiles of water levels for ,selected yeaTS (pl. 6). Oon~ 
sequently, the break is a natural phenomenon and Dot the result of 
pumping. Furthermore, the break is not the result ofdjsplacement 
of beds along the Santa Mal"i~ fault, because the fault does not cut 
the upper part cif· the mam water body contained in the' Orcutt 
formation nor in the highly permeable alluvium; because the displace~' 
merit of' the older unconsolidated' deposits is small and does not 

, jJlaterially alter the cross-sectional area; and further beC[j,use. the 
ch,angein gradi~nt is just the rever~e of that which would be produced 
by a fault barrier. ' 

; . , . The fl~ttening is believed to be due primarily to a line of hydraulic 
', .. balallce established at the inters~ction of two independently controlled 

gradients: the western gentle gradient, which is controlledlarg'ely by 
the ratyof discharge at the coast, and the eastern steepgradient j which 
iadetermined largely, by the rate of l'ech~ge from the Santa Maria 
River and from underflow out of the· Sisquoc valley; in conjunction .. 
with .considerable, 'widening and thickening of the water-bearing . 
depOSIts from the Sisquoc valley westward to the central part of the 
Santa Maria Valley. (See geologic· sec. B~', 0-0',·· and D ..... D', 
pI. 2.) ,The watel'-:level profiles (pI. 6) show that the line of balance 

.. has shifted only s.lightly eastward 01' westward since 1907, depending 
, . upon the controlling altitudes of the' water surface at either end of 

the valley. From the edge of .thearea of confined water westward 
the gradient steepens slightly, probably owing to a decrease iIi cross-

, sectional area. of the water-bearing deposits. Copy of document found at  www.NoNewWipTax.com
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The second feature of watermovement in the Santa Maria Valley 
is the latel'al shifting of the trough dU. the smface of the ,>tater body 
shown by two sets of contoms ·on· plate 5. In 1936 the trough ex:": 
tended roughly up the central part of the Santa Maria ·plain, crossed 
beneath the Orcutt upland . southeast of Santa Maria, and probably 
entered the Sisquoc valley near Garey. In 1942 the trough had moved 
southward a maximum distance of about 5 miles and extended' along; 
the south side of the, Orcutt upland, entering the Sisquoc valley near 
Garey. Thus at present the trough lies about 3 miles south from the 
Santa Maria plain in an area where only about 5 petcent of the with-

. drawals occur, and hence is not simply a pumping depression. . 
Its position is pro bab1y deterrnilled priinarily by the relation 

between recharge from the Santa Maria River and discharge by pump­
ing from beneath the Santa Maria plain. In the long series of ch'] ... 
years ending in 1936, there was rela"tively small recharge froni the 
river. Consequently, pumpage exceeded recharge and the trough 
shifted northward from beneath the Orcutt uplimd toward the center 
of pumping. On the other hand, in 1942, follOwing a period of w~t. 
years, recharge from the river exceeded withdrawals on the plain, and· 
the excess water moved southward beneath the Orcutt 'upland, causing" 

.. ' the trough to shift in that diJ:ecti(m. Thus, the source and movement 
of water in the heavily pumped area may vary over a period of years. 
Durlllg wet years recharge from the Santa Maria River. supplies more 
water than is pumped, but durlllg dry years water supplied by the 
river is inadequate and .. the water beneath the Orcutt upland, which is 
supplied by iniiltration of rain, is more heavily drawn upon. ' 

The third fe'ature, the seaward hydraulic gradient of the main water 
body to and at th~ coast, is extremely imp'ortant because it means that 
water is moving toward and is being discharged. into the Paci$c 
Ocean at sonie point on the coast, and it is thereby preventing theland.,.. 
ward encroachment of sea water. The water-level profiles (pl. 6)" 
show the hydraulic gradients for the various years projected to the' 
coast line. If extended seaward, they indicate that the point of dis­
charge is somewhere ,between 2 and 4 miles on shore. The proiiles, 

-also indicate that there has always been escape at the coast, .. 

RECHARGE TO THE MAIN WATER BODY 

In some areas, such as those in the 1\ifidwestern States, recharge to. 
wat81~-bearlllg formations from rain and streams may take place in 
remote districts hundreds of miles from the points of withch'awal. . 
In such areas the evaluation of quantities of annu1J,l or long-term 1'13-: 

charge involves chieny computations of the amount of ground water' 
transmitted into the areas through the aquifers. In the SantaMaria. 
Valley area, on the other hand, practically all the recharge takes place, 
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~vithlll. the b~undaries oJ the area shown on .the geologic map (pI. 1). 
Therefore, inordel' to deter:mine total recharge it is necessary to esti­
mate recharge to the .main wat.er body by 'appraising seepage loss from 
:streams, infiltration of rain and undernow along pr~ncipal streams. 

"SEEPAGE Ji'ROM STREAMS 

A~llldicatedon pages 67 and 73, stl:eam losses take place in the 
lower course of. the Cuyama River, in the SiSq1.10C River below the 
upper gage, and in. the Santa M~iiaRiver doownstrea:n t? the area. of 
,coniined water. Within tills. area there are no extenSIve Impermeable 
beds, and wate~ seeping fro~ the streams is able to reach. the m~lll 
'water body. Large losses are possible because .0£ the relatlyely hIg~ 
:pe~'meability of the channel' deposits, willch ranges from 266 to over 

, 1,000 gallons a day per. square foot (table 2), and the l~rge area~ from 
which the losses can take place~about 2,700 acres' ill the SISqUOC 

• yalley anci. abo]lt'6,300acres III the Santa M\1ria Valley, or a total of 
: .,:about 9,000 acres. However, ·theentire. acreage is covered only 

.during infrequent major Boods and then for relatively shqrt periods 
·6f time. Seepa[S'e at most times is from much smaller areas. 
'.. Throughout most of. the reach in .whichs.eepage .losses from streams 
'occur measurements of water .Ievelsin wells adjacent to the chaunel.s 
:show'that the water table lies at considerable depth below the,river 
·channels .. In the Sisquoc valley the depth has ranged from a minimum 
'of less than a foot at the upper and lower ends to a ma).:lmum of 90 
Jeet near Sisquoc. Similarly,inthe Santa Maria Valley the depth 
bas ranged from less than a foot at Fugler Point to a max:imum of 130 
i~et north of Santa Maria (pI. 6). Therefore, except near Flj.gler 
Point and probably in par~ of the. Sisquoc valley,river water has not. 

· ·.l)een in hydraulic continuity with the mainwater body. Water from 
. the river, then, seeps vertically downward through the permeable 

· "channel deposits and through the greater part of the upper l~ember 
of the alluvium before reaching the main water body as recharge. 
'.' The methods used to estimate seepage losses ha,ye been presented in 
the section on surface-water reSOUl'ces, and yearly estim.ates therein 
derived for the 16-year period 1930-45~re sho,vI1in table 5. The 
magnitUde of the losses. involved with respect to time are discussed 

· {)ll pages 67 to 79.' Because there are but very few water~loving plants 
....... along the. channel courses, and because evaporation losses during the 
.' .. winter months are at a minimum,. for all practical purposes the total 
' .. 'yearly esti~ateds.eepage losses reach the ma,ill water body as re~harge 

,in the manner described above.. Thus, estimated yearly l'echarge by 
. seepage from streanis has ranged from 4,800 acre-feet in 1930-31 to 
150,000 acre-feet in 1940-41, and has averaged 56,400 acre-feet for 
'the period 1930-45. Recharge from· this source constitutes about 80 Copy of document found at  www.NoNewWipTax.com
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percent of ·the total recharge to the main water body. Even so, the 
average surface-water outflow, or the water forever. lost from the 
baslll, has averaged about 35,000 acre-feet a year during the past 16 
yeam. Therefore, it is obvious that any future plan devised to utilize 
fully the surface-w'ater resources should consider the advantages of 
salvaging this wasted water insofar as possible and of spreading it on 
the appropriate portions of the Sisquoc, Cuyama, and Santa Maria 
River channels. 

In the area of confined water, seepage loss cannot penetrate below 
the contact between the channel deposits and the relatively impermea­
ble upper member of the alluvium. Water lost here is stored tem­
porarily in the surficial sediments adjacent to the river during high 
flows, and i'etu1'1is to the stream ch~nnels whim the floods subside. 

INFILTRATION OF RAiN 

AREAS OF INFrLTRATION 

The area of rain infiltration encompasses the greater part of the .. 
area shown on plate I, and hence is nearly wholly outside the head­
water area for which estinlates of runoff have been made; It is,esti­
mated to be about 140,000 acres in extent, and receives relatively 
little rainfall and essentially no runoff from minor tributaries except 
during infrequent heavy storms. Because the quantity of infiltra­
tion is governed principally by the character of the underlying de­
posits and the type of vegetative cover, the tbtal area of infiltration 
is divided llltO. a primary area, which is coextensive with the intake 
area and which includes about 80,000 acres whose cover consists of 
grass and. irrigated lands j and a secondary area, which includes about. 

. 60,000 acres characterized by thick grow.ths of brush, scrub oak, and 
some grass, and underlain principally by consolidated rocks. 

METHODS USED TO ESTIMATE INFILTRATION 

Precise field· determinations of that part of the total rainfall that 
infiltrates below the Toot zone and Teaches the main water body wfJre .' 
beyond the scope of this investigation, a:g.d to be of value they would 
have to be made under a vatiety of conditions over a series of years. 
TherefOTe, the estimates of infiltration are based primarily on field .' 
studies made in Ventura Oounty, principally by Blaney: . (Blaney, 
1933 jBlaney and Sopp, 1929). Although conditions are not eXactly " 
the same in the SantaMaria Valley as in Ventura Obunty, it is., 
believed that they are sufficientlysinillar for the estimates to' be 
valid. 

The primary area is divided into two subareas according to type of 
land cover; 60,000 acres of grass land and 20,000 acres of llTigated 
land. Infiltration of rain on these lands "yas determined by plotting, 
a curve of infiltration against rainfall for each type of cover, derived 
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from data of Blaney, who found. that in gene:ral there is no infiltration 
when yearly rainfall is less than 15 inches on grass land or less than 12 
inches on irrigated land .. From the curve for any given yearly rain­
fall the infiltration of rain in inches can be estimated. , In this way 
.the infiltration of rain on each type of land has been estimated for 
the years 1930-45. 

The secondary area is underlain locally by relatively thin terrace 
deposits alid nearly everywhere has a soil mantle that ranges in thick­
ness from 1 foot to 4 feet and which. supports relatively thick growths 
of brush, scrub oak, and some grass. B~cause it is underlain mostly 
by consolidated rock, the principles governing the infiltration of rain 
are believed not to be the same as in the primary areaj rather, the 
infiltrate nlust move laterally toward the basin through the soil zone 
and through fractures near the surface of the consolidated rock, and 
by so doing it is subject tous~ by vegetation. Accordingly, the 
amount reaching the basin is believed to be quite small .. The water­
level contour map (pl. 5) shows water moving northward from the 
Oasmalia and Solomon Hills, indicating. that some illfiltrate is reach-
ing the primary area by lateral movement. . 

Blaney has indicated that in general when yearly rainfall on b1:ush 
land is less than 18 inches n6 deep infiltration o~curs. It is thought ' 
that in the secondary area about 10 percent of the rainfall in excess 
of 18 inches might be a reasonable estimate for recharge. Accord­
ingly, infiltration ,each year from this area is taken as 10 percent of the 
excess over 18 inches when the yearly rainfall is more than 18 inches, 
.and zero when it is less. Thus, during the period 1930-45, recharge 
from the area is estimated to have occurred only in 4 ye aI's':""'" 1 935, 
1937, 1938, and 1941 (table 6). For these years; the infiltration is 
estimated to have ranged from a minimum of about 800 acre-feet in 
1935 to a maximum of about 6,400 ac.re~feet in 1941, which is only a 
small part of the totals for those 2 years. Also, the estinlated 

. infiltration includes any recharge that might be supplied by local 
runoff or by percolation through fractures in the consolidated rocks 
(p.27). . 

It should be pointed out that with years having the same total 
rainfall there is likely to be a difference in the' amount infiltrating to 
storage,· due to variations in storm intensities,in soil moisture at the 
'beginning of and during the rainy season, and in other r0iated char­
acteristics. Thus, rigid use of th~ method is subject .to some error 
in anyone year. However, over a series of years these errors would 
tend to balance each other, and so are used without adjustment. 

ESTIMATES OF INFILTRATION 

Infiltrat~on to the main water body in anyone year, then, is the 
. sum of the values for each of the three types of land cover obtained 
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by the method outlined. The yearly rainfall at Santa Maria is used 
for all three areas because it is believed to represent about the 
average for them. At Santa Maria the long-term avel'age rainfall is 
14.40 inches ,(table 1). This is less than that required for infiltration 
on grass and brush lands, but somewhat greater than' that required 
for irrigated land. Table 5 shows the total recharge thus derived for 
the years ending September 30 , 1930-45. . ' 

TABLE 6.-Estimates of yearly recharge to the main water body by infiltration of 
rain in the water years 1930-45 

Rainie.]] at Recharge to Rainlall at Recharge to 
Year ending Sept. 30-,- Santa the main Year ending S~Pt. 30- Santa' the main 

Maria l water hody Maria l water body 
(incbes) (acre-feet) (incbes) (acre-feet) . 

19S0_-- __________ 9: 33 0 1940 ____ ~ _____ ~ __ 14.61 2, 000 
1931_~----------- 8.97 0 1941 __ ~ __________ 30. 75 80, 000 1932 _____________ 16. 48 9, 000 ·1942 _____________ 16. 95 12, 000 1933 _____________ 11.35 0 1943_~ ___________ 17.22 13, 000 1934 ________ ~ ____ 7. 68 0 1944 _____ . _______ ~ 14. 56 2, 000 
1935~ ____________ 19. 55 25, 000 1945 _____________ 11. 31 0 1936 _____________ 13. 48 1,000 i937 _______ ~ _____ 20.82 35,000 TotaL _____ 246. 75 219,000 1938 _____________ 22. 18 40, 000 16-year av-1939 _____________ 11. 51 0 erage _____ 15. 42 13, 700 

l From table 1. 

The table suggests that there was no infiltration of rain during years' 
·of low raulfall, and that infiltration, was about 80,OOO'acl~e-feet u11941,··· 
the wettest year of record. The estimated average yearly infiltration' 
wa~ nearly 14,000 acre-feet and suggests that about 2 ulches per year '. 
or about J3 percent of the average raW-fall for the 16-year periocl, . 
infiltrated to storage. However, it is apparent that the average is 
Taised appreciably by the large infiltr~tion that occm-red during 1941. 
For the 50-year period 1886-1945, by the procedure outlined above, 
it was estimated .that the aveI'ageyearly infiltTation was 10,000 aCI'e.­
feet or 1.5 inches-about 10 percent of the average l'ainfall for that .' 
J)eriocl. This is about 25 percent less than the average yearly iDfiltra~ 
tion duiulg the 16-year period 1930-45. .' 

UNDERFLOW ALONG PRINCIPAL.STREA.:MS 

ThE\ continuous unseen flow of ground water into the main water 
body, principally through the alluvium at the mouths of the Ouyama 
and Sisquoc Rivers and major tributaries, is designated as recharge 

. llilderflow. Essentially all the underflow at the 111.ouths of these rivers 
is measmed as s1iI'face flow at stream-gaging stations {l, cqnsiderable 
distance upstream, wheI'e the deposits are thin or missirig entirely, and 
""here the underflo'Yv is estimated to be only a few hundred acre-feet a 
:year (p. 59). This rough estimate of undel'flow is well 'Vl'ithin the limits 
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of eI'I'or iiW6lved in the estimates of yearly I'unoff and seepage loss. 
Oonsequently, for all practical purposes t:b.e r~charge by undeI'flow is 
accounte,d for in the. measured. and estimated seepage losses fI'om 
streams (table 5), and hence is not separately estimated. 

EST:Il\1:A.TE OF TOTAL RECB:A.RGE 

. The total quantity of rechaI'ge to the main water body is the sum of 
th'e seepage .1oss from streams and the infiltration of raUl (tables' 5, 
and 6). Table 7 shows the estimates of total yearly recharge for the 
years ending September 30, 1930-45. . 

TABLE 7.-Estirnates of total yearly recharge.to the main .Water body in'the waie1' 

Y~ar ending Sept, 30-

1930 ______________ ----
1931 ________________ _ 
1932 _________________ _ 
1933 _____________ ~ ___ _ 
1934 _________________ _ 
1935~ ________________ _ 
1936 _________________ _ 
1937 __ c ______________ _ 
1938 __________________ . 
1939 __________ --------

years 1930-45 . 

Total recbarge 
to, main water 

body (acre-feet) 

7, 200 
4,,800 

81, 000 
22, 500 
17,700 
64, 600 
37, 200 

137, 000 
167, 000 
24, 600 

Year ending Sept. 30~ 
TotaJ recharge 
to main water 

body (acre·feet) 

1940__________________ 29,jOO 
1941__________________ 230,000' 
1942__________________ 63,500 
1943__________________ 119 000 

i~:t=~~:~===~===~=====; ~!; i~g: 
1-----

TotaL ___ '_______ 1,121, '500. 
lG-year average__ 70, 000-

The. table shows that estimated total yearly recharge has raliged 
from about 4,800 acre-feet in 1931 to 230,000 acre-feet in 1941, and has 
averaged about 70,000 acre-feet. Thus, anyone year's recharge may 

,be as wuch as 330 peI'cent of the 16-year average; as i.n 1941,01' as little 
as 7 percent, as in 1931. Obviously, theJarge ulcrement in 1941 has 

. ' raised the averfvge considerably. With respect to long-term average 
recharge to the main wateI' body based on comparative rainfall, it is 
about 93 percent of that for the period 1930-45 (p. 128), or is estimated 
to be about 65,000 acre-feet a year. 

For short peI'iods, too, the recharge is roughly pI'oportional to rain­
fall. For example, the average yearly recharge during the 7-year 
period 1930-36. was about 34,000 acre-feet, in contrast to an average 

.ci1ll'ing the 9-yeaI' pel'iod 1937.-:-45 of about 98,000 acre-feet. rEhe wide, 
range in average recharge between ,these two peI'iods caube .traced 

. directly to Tainfall. For the two peI'Iods, the average yearly rainfall 
,was 12,41 inches and 17.77 mches,'respectively. Thus, there exists 
a general relationship between rainfall and total recharge, but because 
'of the relatively wide variation ill distribution and intensity of rainfall 

.. (p. 58) no attempt is made to construct total yearly I'echarge from rain-
fall alone. The relationship is used, however, :in the estimation of 

. long-term aveTage rechaI'ge above and of peren.nial yield (p. 128). 
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DISCHARGE FROM THE MAIN WATER BODY 

Dischal'ge of ground water from the main water body occ~'s in two 
. ways: by natural means, and by withdrawals from wells, which' 
include the discharge from uncapped flowing wells, Essentially all 
discharge of ground water occurred by natural processes prior to the 
introduction of large-cap,acity pwnps near the turn of the century .. 
Since then pumpage has increased steadily} until in recent years it has 
constituted about 85 percent of the total discharge. During the past 
20 yeats natmal discharge has been only in the form of groUnd-watel;' 
outflow to the sea" but in earlier years groundwater overflowed at the 
eastern edge of the area of corrfined water, and considel'able discharge 
took place. above ground. 

PUlYfPAGE 

HISTORY AND DEVELOPMENT 

The :first recorded well in the area was a dug domestic well con.­
structed in 1868 by a Mr, B. Wiley, who was one of the first settl .... , 
(Mason) 1883, p. 313). From then to 1898 only domestic and stock. 

'. wells were constructed. Pumping for irrigation started in .1898 with'.' 
the inception of the sugar-beet industry} and the first irrigation well$ .' 
,.vere at about the sites now occupied by wells'10j35-25K1-10 (pI. 1)" 
Shortly thereafter large steam-driven centrifugal pumps} which re-' 
]Jortedly had discharges of about 3,000 gallons a minute, were installed 
·on batteries of closely-spaced wells near present wells 10j33-35Bl} 
10/34-8R1} 10/34-19A1, 10/35-12H1} and 11/35-3301. In order tci:~ 

'. raise the water with centrifugal pumps in the intake al'8a, pits 
dug to the water table where necessary and the. pumps set 
bottom: Drifts were run out from the"bottom of the pits to 
wells drilled from the surface} and the multiple suction pipes' . 
were connected to a single pump. Usually 5 to 10 wells were coIinected"· 
in this manner. Surface distribution was accomplished through open' 
ditches and flumes} and each battery of wells supplied irrigation . 
to areas which were often miles away., Oonsequently, large (( 
losses" resulted. . 

Diversion of smfacB.water for inigation was attempted about 1 
when water was brought through flumes and pipes froin the Ouy 
River to the Santa Maria plain. However, 'about 1908, floods 
]Jortedly destroyed the installation, and diversion from that' s . 
has not again been attempted. On the Sisquoc River similar ". T~'''''nT 
works were installed about 1910 and are still in use (p. 63). 

Until about 1920 the development of irrigation supply and . 
-of irrigated acreage proceeded slowly, and then in the early 
vegetable farming was introduced; During the 'next 10 years 
,acreage under irrigation expanded rapidly} but from 1930 to 1944 

'. 
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:Bxpansion has been~otnewhat slower. -An intensive well-drilling 
'program kept pace W1th tl;te rapid expansion of irrigated acreage. 
'Table 8 shows the number of, irrigation wells and, the approximate 
,-acreage under irrigation for the years 1920-44. The fig.t;l.resfor years 
'Prior to 1931 were' obtained from the report by Lippincott,s and for' 
the years 1931-44 were from estiniates made and factual data col­
lected by the Geological Survey. 

'TABLE 8.-Nwnber of irrigation wells and approximate acreage irrigated in the 
Santa Maria Valley area, 1920-44 . 

Year Year 
Number 
of active Acres 
irrigation iiTigated 

wells 

Number 
of active Acres 

iiTigation irrigated 
weJls 

~------------I~-----I--------fl---~----------I----__ I ____ __ 

i920 ____________ : 11 --_ ... _--- 1933 _________ "~ __ · 256 28; 000 .1921 _____________ 16 ----.----
1934 _____________ 260 28, 000 1922 _____________ 

31 10, 700 1935 _____________ ' 264 29, 000 .}923 _______ --- ___ 61 --------
1936 _____________ 271 30, 000 1924 _____________ 101 17,300 1937_~~ _______ ~ __ 278 30,000 

1925_~ ___________ 122 --------
1938 _____________ 284 31,000 1926 _____________ .163 --------
1939 _____________ 

288 32, 000 1927 _____________ 175 -------- 1940 _____ -------- 298 33,000 1928 _____________ 206 -------'-
1941 _____________ 2305 33, 000 1929 _____________ 231 25, 000 1942 ________ ~ ____ 2311 34, 000 1930 _____________ 1242 126, 600 1943 ___ • _______ ~_ 2313 34, 060 1931 _____________ 248 27, 000 1944 _____________ 

2317 35, 000 1932 _______ ~ _____ 253 28, 000 

1 From field canvass by Lippincott. 
~ From field canvass by Geological ~urvey. 

The table sho'ws that in the years 1920-44 the rapid expansion of 
acreage went forward. ~a:i:l.d in hand with the well~drilling 

In th: ?ear 1930an~ during the y'ears 1941-44 the average 
. ~f acres liTIgated by a smgle well was about 110. This figUl'e 

was applIed to the known number of irrigation wells during the period 
1931-40 to obtain estimates of acreage i).Tigated 'for those years~ 
. The ~5}000 acres under irrigation in 1944 include approximately 

entIre surface areas of. the Santa Maria and Sisquoc plains. Of 
total, about 33,000 acre~, which are irrigated by nearly 300 wells, 
on the Santa Maria plain; the remainillg 2,000 acres, which are 

by 17 wells, are on the Sisquoc plain.. Therefore} any future . 
t must necessarily take place on the bordering· upland 

where "there are high pumping,lifts, sandy soils (Watson and 
1916),. and somewhat less productiveunderlyirig water­
formatIOns: 

The yields of the irrigation wells on the plains are relatively high. 
Tests run on 18 selected, wells by the Geological SUl'vey showed dis-

J. B. Report on water conservation and flood control of the Santa Maria River in Santa 
and San Luis Obispo Oounties, Oali!., March 1931, pp. 10-11 (unpublished report available to tbe, 

at the oflices of the Oounty Planning Oommission, Santa Barbara, Oalif.). 
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charges ranging from 400 to 1,900 gallons a minute. Similarly, tests;, 
run on 180 irrigation wells by the San Joaqum Power Division of the· 
Pacific Gas & Electric 00. showed discharges ranging from 300 to. 
2,200 gallons a minute. '. The average discharge f6r the 198 wells was .. 
slightly less than 1,000 gallons a minute. The high and low yields. 
were about equally distributed throughout the Santa Maria and .. 
Sisquoc plains. The wide' range in discharge is due to differences in. 
depth, perforation, and condition of the wells, and to the capacity 
and condition of the pumps. . 

The agricultural gTowth of the aTea was accompanied by anlllcrease. 
in' allied industries and in population. In addition, there was an. 
expansion of the oil industry following the discovery of the Santa 
Maria 'oil field in 1934. The demand upon grollild water for the. 
cattle and dall'Y industries, however, has. remained about constant 

. . fOT. the. past 25 years. 
Lippincott 9 estimated that in 1930 about 500 wells supplied water 

for irrigation, public-supply, industrial, d'omestic, and stock use. In. 
1942 there weTe 311 irrigation wells, 22 public-supply wells, 20 indus-. 
t:rial wells, and about 350 domestic and stock wells) most of which aTe' 
shown ol~plate 1 and have been descTibed III another report (La. 
Rocque, Upson,. and Worts) 1950). Thus in 1942 thel~e was a grand. 

. total of about 700 wells that supplied water fm all uses throughout. 
the Santa Maria Valley area. 

Most of the wells penetrate the main water body for relatively short. 
distances. Approximately 80 percent of the 700 wells are less than 
300 feet in depth, and of the remaining deeper wells only 10 are more 
than 500. feet in. depth. Beneath the Sisquoc· plain and the greater 
part of the Santa Maria plain wells derivl< water principally from the. 
lower membel' of the alluvium) but partly from the uppe~ part of the 
underlying Paso Robles formation. The few wells on the Orcutt 
upland derive most of their water from the 'loweT member of the 
Orcutt formation, but partly from·the upper part of the Paso 'Robles 
formation. 

Thus, the wells "skim" 'i'lTater £Tom the upper paTt of the main 
water body leaving the thicker lower portion untapped. However, 
because water in the main body is presuiued to be in hydTaulic c6n:~ 
tinuity: throughout both its vertical and horizontal limits, it is believed 
there would be no paTticular advantage in searching for water at' 
greater depth. Rather, the disadvantages would doubtless outweigh 
the advantages for the following reasons: Drilling costs would be 
greater, ayaiJable data indicate that the most productive water­
yielding deposits 'are the alluvium and locally the Orcutt formation,. 
which now are tapped, and it is possible that in the deepest portions. 

, Lippincott, J. n., op. cit ... p. 23. 
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of the main water' body the chemical quality of the water vvould be 
poor. The only possible advantage would be the increased yield and 

· increased specific capacity ~fgTeater thicknesses were tapped. This 
would permit operation of laTger pumping units which l11ight con­
ceivably be operated at greater efficiency than smaller units,. both 
with respect to plant efficiency and application of water to an irrigated 
area 01' to industri'al use. Doubtless this advantage would be grea.test 
at places ·where· the permeability of the unconsolidated 'deposits is 

· only moderate. 
ESTIMATES 'OF PUMP AGE FOR lRllIGATION 

METHODS FOE ESTIMATING PUMPAGE 

The methods u.sed fo], estimating quantities of water pumped for 
inigatiQn are necessarily indirec.t because .there are. no wateT meters 
attached to the- wells to deterl11ine directly the quantity pumped . 
Approximately 95 p,ercent of the liTigation pumps in the Santa Maria 
Valley area are electrically operated-the remaining 5 percent are run 
· eitheT' by tTactors or stationary internal~combustionengines. Under 
these conditions the most accUi'ate method of determining the pump­
age was to calculate, for each Of as many electrically opeTated plants 

, as possible the number of kiJowatt-hOlli'S TEiquD:ed to pump on6 acre-) . . 
foot of water, and to divide the ayeragevalue) or energy factor) so 

· 0 btainecllllto yearly tot.als of kilQwatt~hours consumed. . 
The San Jqaquin PoweT Division of the Pacific Gas & Electric Co. 

1cindly furnished data On more than 500 pumlJ-efficiency tests and 
yearly totals of kilowatt-homs consumed fOT the years 1932-44. The 

· area was divided into five subareas because of the wide.Tange.in energy 
factors, which was due chiefly to the range in pumping lift. Actually, 
the -variations in pumping lift during the pel'iod 1932-44 did not 
Tesultinappreciably different average energy factors in clmerent years. 
The established average energy factors range from a minimum of 130 

· kilowatt-hours per acre-foot in the area of lowest lifts nears the coast 
to a maximum 6f 300 kilowat.t-hours per acre-foot in the area of 
highest lifts OIl. the Orcutt upland. 

· The yearly quantity pumped in. acre.;.feet was determined by clivid-
· ing the total yearly kilowatt-hours consumed in each of the five sub-
areas .by the appropriate average energy factor; and. the sum of the 

· five quantitIes thus, derived is the tO.tal amount of water pumped 
·each year' from the entire area by electrically operated pumps. This 
total wa~ then increased by 5 percent, to allow for the quantity pumped 

· by nQnelectrically operated pumps) ,to obtain the yeoal'ly total pumped 
· £01; irTigation by both. classes of pumps for the period 1 932-44. 
· The quantity pumped each year prior to 1932 had to be determined 
; by a second method wmch is based on the yearly totals c1eTived above. Copy of document found at  www.NoNewWipTax.com
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It was found that during the period 1932-44 the average yeady depth_ 
of water pumped onto the u:rigated land, or the duty of water, va;ried: 
approximately in accordance with rainfall. During years of· above­
average rainfall the duty of water was about 1.7 acrecfeet per acre, 
whereas during years of below-average rainiall the duty of water was. 
about 2.1 aCI-e-feet per acre; thus, the average duty was about 1.9' 
acre-feet per acre for the whole period. Yearly rainfall was plotted.. 
against the duty of water for the years 1 932-44, ~nd a smooth curve· 
was draWn through the points. For years prior to 1932 values· of 
rainfall were then plotted on this curve and corresponding values fol" 
duty of water obtained. These values in turn were multiplied by the­
known or es.timated llTigated acreage to determine yearly pump·age. 
In this manner it was possible to estimate the pumpage by years as. 
far back as the acreage irrigated was kno"Wn (table 8). The total 
quantity pumped for irrigation for the years 1929-44' is shown ~n. 
table 9. 

RETURN OF IRRIGATION WATER 

The total quantity of water pumped for irrigation as computed 
above is not the quantity permanently removed from storage, III 
the intake area a part of the total quantity pumped each year for il~-· 
rigation seeps·below the root zone and returns to storage in much the- . 
same manner as does the in:6ltration of rain. The greater part,. 
however, is lost by transpiration and evaporation. 

The quantity of ilTigation water which I-eturns to storage each year' 
varies considerably from one part of the area to another, dependirig" 
primarily on type of soil, type of crop, il-rigation practice, and climatic' 
condition.s. It is probably greatest ill the Sisquoc and upper Santa 
Maria valleys where the soil. is sandy. '. Westward, down the Santa. 
Maria Valley the soil is heaviel- and less water returns to storage .. Il} 
the area of confinement (pI. 5), which includes approximately one-third 
of the iTrigated' area, little orno return occurs, and essentially all water­
in excess of that transpired or evaporated eventually discharges from 
the shallow water body into the sea (p. 74). . . - . 

The amount of iTrigation water which returns to storage' each year­
in the intake area (about two-thirds of the'iTrigated area) ranges 
from essentially no return along the inland boundary of the al'ea of 
confined water to possibly as much as 50 .to 60 percent of the yearly­
pu~page in the eastern part.l0 Thus, the average Teturn in the· 
intake area is estimated to be about 30 percent of the pumpage, and. 
for the entil-e area, including the area of confinement in which there is. 
little or no return, about 20 percent of the total pumpage. Therefore,. 
of the total quantity of water pumped faT irrigation each year, aIL 
estimated 80 percent is permanently removed from storage. This, 

10 Based on data compiled for other coastal areas of Oa1lfor~a by Harold. Oonkling. 
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. quantity is designated the total net pumpag,e. Ta~le. 9 s,hows. both 
the total pumpage and the total net pumpage for Irl'lgatlOn for the-
16-year periodI929-44..", 

'TABLE 9.-Estimat~8 of piimpage for irrigatio.n from the main water body, 1828-44 

·Total pump- . Total net Total pump- Total net 
Year age for irtiga- pump age for Year age for irriga- pump age for 

tion (acre- irrigation .. tlon (acre- irrigation 
feet) (aore-feet) feet) ( .. cre-feet) 

, 
1929 __ ~ __ " ___ 50, 000 40, 000 1940 _________ . . 75,400 60,000' 1930 _________ 52, 000 42, 000 194L _______ ~ 60, 400 48, 000 193L ________ 54, 000 43, 000 1942 _________ 6i,400 49,000' 1932 _________ 50, 800 41, 000 1943 ____ . _____ 67, 900 54, 000-1933 ________ ~ 45, 000 

.. 
36,000 . 1944 _________ 70, 900 57, 000' 1934- ________ 48, 000 38, 000 

TotaL_ 930, 200 743, 000' 1935 _________ 51, 000 41, 000 193(). ________ 60, 000 48,000 16-year 1937 _________ 58, 900 47, 000 aver-
1938~ ________ 59, 000 47,000 . age __ . 58, 100 46,400' 1939 _________ 65, 500 52, 000 

Pumpageduring 1940 was the greatest on record and was. due in 
large part to the relatively low and poorly distributed rainfall during' 
that year. Pumpage declined in the eady thiTties, probably owing 
mainly to theeconomlc conditions which prevailed at that time, but 
has increased steadily since then. Presumably additional lands will be· 
placed under iTrigation in the future. Lippincott 11 has estimated· 
that there are 50,000 acres of irrigable l~nd in the area-an excess of 
15,000 acres or 40 percent abovethat now in use. If: all this land were· 

, placed under irrigation,' or if more doubJe.;·cTopping were practiced 
. ·on the present acreage, and the pump age were increased proportionately, 

the total net pumpage for irrigation alone would be more than 80,000' . 
acre-feet a year. 

ESTIMATES OF DISCHARGE FOR USES OTHER THAN IRRIGATION 

Pumpage for uses other than irrigation includes withdrawal for 
public-supply, industrial, domestic,and stock uses. Also included is 

. the flow from aTtesian wells, which is aTtificial dischaTge. . The methods. 
used fOT estimating each differ accoTding tOI the available elata, and 

.. ~re dis~ussed separately below. 

PUBLIC SUPPLY AND DOMESTIC USEI;l 

The .largest single use for public supply is thatfor the. city of Santa 
Maria fTOm three wells on the Orcutt upland. Fortunately, the­
water pumped fi'om these wells is metereel and the yearly pump age· 

Jl Lippincott, J. :S., op. oit., P. 16, 1931. 
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FLOW FROM WELLS 

can 1:)e obtained directly. Records of municipal use have been'made 
available by the City Water Department. In 1944 the pumpage was Ground-water discharge by flow from wells is considered artmcial 
about 1,700 acre-feet. discharge. Most of these wells are allowed to flow unchecked, and in 

As n~arly as can be determined, the population of the outlying.· i that Sellse the water discharged is a needless waste of grou:tld >vater. 
tOViTns and rural areas was .about 4,500 in 1930, and about 5,100 in .. :, DJITing the 4-year period 1942-45, the discharge ~rom artesian wells 
1940 (Bureau of the Census 1940).12 The quantity co~su:ffied in." .amolmted to uearly 2 percent of the total discharge by pumpage. 
these areas. is based on an estimated per capita use of 125 gallons a,.g .' Although relatively small, this amount is worth conserving .. 
day. This quantityallo'ws for gardening, for use by small-business:~' In 1942, there were 20 flowing wells distributed over about 5 squai'e 
establishments in the smaller towns, etc., Thus, the quantity pumped.> miles ofthe arable part of the area of ~onfinement (pIs. 1 and 5). The 
for the rural population is estimated to have been about 670 3,cre-feet quantity of flow from each was estimated in the spring cif that year' 
in 1930, and about 760 acre-feet in 1940. For the iq,tervening and bj the Geological Survey, and it vvas fQUJ;ld that the total discharge 
subsequent years the average yearly increase is apportioned. ' . ampunted to approximately 1,250 gallons a minute. Ivlost of these 

wells were revisited at various seasons. of the year during the 4-year 
INDUSTRIAL USE . 

The estimate of pumpage for industrial use is based on the reported' 
and inferred capacities of the' pumps and theu' operatulg schedules. 
The principal industrial uses are for ice plants, packing sheds (exclud-. 
,ing those in Santa Maria, which are supplied by the city wells), and 
oil refineries. Most of these plants operate only during the day. A' 
total of 20 uldustrial wells were active in 194Z. Each of these wells 
v1as visited and from: the data ga,thered at that time it is estimated 
that the average daily schedule was about 5 continuous pumping 
hours, and that the average :yield of each well was approximately 5aO 
gallons a minute .. Thus, in 1942 the yearlypumpage by the ZO wells' 
for uldustrial use is estimated to have been about 3,500 acre-feet. 

For years prior to and after 1942 no data are available on the exact .. 
number of pumping plants in use by industries. However, it is be- .' 
liev.ed that the pumpage has increased 'steadily since 1929. Becaus.e· 
no reliable data are available, and 'further because the estimate 
pump age in 1942 is only approximate, it is assumed that the 
has increased at a rate of about 100 acre-feet a year. Thus, in 
the pumpage for industriai use may have been about 2,000 acre-feet: 

. STOCK USE 

. It was reported 13 that for the past 25 years thete has been an a-fer- , 
age of about 7,000 head of dairy cattle in tl;ie Santa Maria 
area, and the quantity of water required per head is 
mated as 15 gallons a day. In addition, 15 gallons a day per head 
required for dairy operation and maintenance. Tllus,the averagef' 
pumpage for stock use has been about ZOO,OOO gallons a day, 
roughly 250 acre-feet a year. 

"Also data from Santa Maria Valley Ohamber of 00=erc8. 
l3Eriksen,:a:, 0., personal communication, No~.1915, 

period· 194Z'-45; and.it was found that the flow decreased ,substantially 
during the summer'pumpingseason, but increased to about the same 
discharge each 'spring. The average flow' is estimated to have been 
about 700 gallons a minute, or I,ZOO acre~feet a year. 
. LippiIlcOtt. 14 reported that the area of :flow was 23 ~quare miles in 

.. 191~ and extended eastward almost 1 mile from Guadalupe (pI. 5), 
.but m1930 the area of flow has decreased to 1.5 square miles. Records 
. of water levels indicat,e tha.t 'by 1936 tb,e area of flow was even less. 
During this time the discharge by flow fromw.ells varied according 
to the head and to the number of wells permitted to flovv unchecked. 

" It. is, estima,ted that the flow decrea,sed from an u;nlmo'i'lTll maximum 
,in19HI to a minimum in 1936 of about 300 gallons a minute, or 500 
; acre-feet a yea,r, and that in. the years 1937-42 the flow increased 

steadily with the increase in· head. The yearly quantities of' flo,~ 
d:r:ing the y.ears 1929~44 are apportioned according to the rough 
estunatesdenved above. .. 

E:;lTIMATE OF TOTAL DISCHARGE FOR OTHER USEIl 

.. The total discharge for nonirrigation uses (as described' in precedinO' 
. pages) amounts to only about 10 percent of the total net pumpage fo~ 
".all ·uses. In view of this relatively small percentage, the estimates 

may be in error without affecting appteciably the estiniate of total 
.dis?harge' ·from' . the main water body., ACC~ll'dingly, more refined 
:es.tll1~ate,s ·ofpumpage for minor uses are not considered justifiable 
} at this 'tIme. 
:::.:,Table 10' shows the total yearly pumpage f,or pUblic-supply, indus­
<~tl'lal, domestic, and s,tock uses, arid includes the discharge bT flow 
iifrobi wells--+-all of which are designated discharge for use other than 
\ irrigation.· . .. 

" Lippincott, J. B" op; cit., p. 2S, .1931. 
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TABLE 10.-Estimates·· of total yeo,l'ly. discharge from the main water body for use 
other than irrigation, 1929-44 

Year . 

1929 _____________ ~ _______ _ 
1930 _____________________ _ 
1931 _____________________ _ 
1932 ______ " ______________ _ 
1933 _____ • ________ ~ _______ _ 
1934 ___ ~ ________________ ~_ 
1935_" ______ ~-------------1936 _____________________ _ 
1937 _________________ ~ ___ _ 
1938 __ " __________________ _ 

TotaJ 
pumpage 
(acre-feet) 

5, 000 
5,.100 
5, 200 
5, 200 
5, 100 
5, 200 
5,200 
5, 300 
5, 600 
5, 800 

Year 

1939 _____________________ _ 
1940 _____________ • _______ _ 
1941 _____ -- ______________ _ 
1942 ______ -------------- c -1943 _____________________ _ 
1944 _____________________ _ 

TotaL _____ c _______ _ 

16-year average _____ _ 

TotaJ 
pumpage 
(acte·!eet) 

6, 100 
6,400· 
6, 600 
7,200.' 
8, 000 
8,200 

95,200' 
6,000, . 

This discharge fornonil.Tigation uses remained about constant 
durmg the early and middle thirties, probably owing to economic COnC 
ditions and to the decrease in flow from' wells. In the later years, 
and during the war years 1941-44 in particular, pumpage increased 

. rapidly to keep pace with the wai'time population. It is not believed .. 
that the increase will continue at the present rate in postwar years, 
but there is every indication that pumpage will remain above its 
prewar leveL 

NATURAL DISCHARGE 

. FORMS AND AREAS OF DISCHARGE 

Natural discharge of ground water is all discharge other than pump~' . 
age and artesi!).n flow hom wells. It inCludes outflow or submarine • 
discharge into the sea, overflow into streams at the eastern edge of the 
area of confinement and thellce to the ,[;lea, and evapotranspiration by 
native ~regetation where the 'water .table is close to the land surface.' 
Prior to the drilling of wells, all recharge to the main water' body. . 
excess of that.retained in storage was dissipated by natural discharge: 

Water moving seaward beneath the confining beds at the west end 
of the SantaMaria Valley is discharged from the main water body 
into the Pacific Ocean through the unconsolidated deposits exposed 
on the ocean floor. The confining beds composing the upper member,,; 
of the alluvium extend off shore for a' distance Of about 2 to 4 miles;, 
causing water to be dischal'ged west.of that boundary (p,.78), ' Water' 
thus discharged from the main water body is designated as naturaL,." 
discharge by ground-water outflow. Since the. mid-twenties natural'" 
discharge has taken place only in this form. 

Dming consecutive years of excessive recharge prior to the' 
of heavy pumpage in the mid-twenties, outflow could not dispose, 
the large ground-water increment. Oonsequently, the water table 

. rose in the intake area until water flowed over the eastern edge of 
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confinuig beds (pI. 5) .. It is reported byse,veral residents that from 
about 1914 to, the mid-twenties perennial surface flows occurred in 
Green Oanyon, starting near ,yelllO/35-13Jl; and in the Santa Maria 

, River, starting several miles east of the raill'oad bridge. . Water thus 
, discharged from the main water body is designated asnatmal dis-
charge by ground-water overflow. \, 

Evaporation and transpiration los~es occurred only at times when 
and in the areas where overflow was taking place. It is reported that 
there were heayy growths of water-loving plants in the channels down~ 
stream from ~he areas of overflow Ul the late teens and early twenties .. 
Doubtless, falXly large evapotl:anspiration losses. took place in these 
reaches, Elsewhere, the water table has l'emained below the reach 
?f wat~r-loving plants. The a~sence ,of plants and trees of this type 
ill the mtake area along the SlSqUOC and Santa l\1ar,ia Rivers bears. 
evidence to this .fact: Furthermore, it is reported by residents that 
the Santa Maria ~nd Sisquoc plains and river channels have always: 
been barren of tIllS type of vegetation: Thus, losses from the mail)'. 
,v~ter body by evaporation an~ transp:iJ:atiou are practically n~n­
eX18tent, although a shallow water body (p. 74) supports plant O'l'owth 
at the west end df the valley.' b 

ESTIMATES OF DISCHARGE BY GROUND-WATER OUTFLOW 

. The method us~d to compute the quantity of ground-water dis­
. charg,e ~y outflow to the sea is based onDarcy's law (p. 76). There­
. fore, It IS necessary to know the saturated cross-sectional area of the 

water-bearing formations at or near the coast, the permeability of 
each, an~ the sl.ope of .t~e pressure surface, or hydraulic gradient., . 
" Ge~loglC sectlOn D-D (pl.',2) shows the cross-sectional area of the 
depOSItS through which the water being discharged at the coast must 
move. These formations are the Oareaga sand, the Paso Robles 

the lower part of the Orcutt formation, and the lower 
, member of the alluvium. The cross-sectional area of the lower mem­
, bel' of the ~lluv:ium is determined from numerous water:-welllogs and, 

therefo.re, IS faIrly accurate. The cross-sectional areas. of the other 
formatIOns are only' roughly defined bya few data from oil tests. 
Furthermore, t~e area. of outflow is limited on the north by the 
ground-water dlv~de, as watel; moving north of that divide is not part 
of th.e Santa Mana Valley area discharge. . 
. WIth respect to the saturated cro?s section alo~g line D-D', it may 

noted that bene.ath the Santa l\1;aria plain all wa:ter-bearing de­
. ar: coJifir:ed ?eneath the upper member of the alhwium and 

,theIr .entlXe sectlOn IS saturated-including the lower member oj the 
alluvlUmi,t~e Orcutt (!)aud Paso Robles formations, and the Oareaga 

; also, lU the rel!).tlvely small areas of unconfined water north and , . . Copy of document found at  www.NoNewWipTax.com
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south of the plain, the water table :fluctuates from year' to year and 
so changes the saturated cross section. Because these :fluctuations 
are negligible when compared to the very large satUrated section, the" 
saturateel section throughout the length of section D-D' is considered 
to be constant. " " 

, As thus elefined, the cross-sectional area of the saturated portion of 
the Oareaga sanel is approximately 11,800,000 square feet, of the" Paso 
Robles and Orcutt formations about.29,200,000 square feljt, and of the" 
lower member of the alluvium about 2,238,000 square feet; or a total 
saturated, cross-sectional area of "somewhat mote than 43,000,000 

square feet. 
The permeabilities of the various formations, which are in part 

estimated, have l)een eliscussed elsewhere, and the coefficients applied 
to this cross section are as follows: for the Oareaga sapd about 75 

"gallons per day per square foot--thelaboratory perIheability of 70 at," 
600 F, (p. 28) adjusted to field temperature of 64°F, by dividing by 
the conversion factor 0.95 (Wenzel, 1942, p. 62); for the Paso Robles" 
and the Orcutt formations about 65 gallons per day per square foot 
(p" 33); anel for the lower member of the alluvium about 2,000 gallons" " 
per day per square foot (p, 39). 

The hydra,ul:ic gn,dient, alth011gh rela,tively slight" at the line of 
section, has varied considerably from 1918 to 1944, Plate 6 shows """ 
watGr-lGvGl profiles for the main water body for 1907, 1918,1936, and 
1944, TheprofilGs for 1907 and 1018 were obtained from the report 
by Lippincott,15 and tbpse for 1936 and 1944 were compiled from data 
collected by the Geological Survey. The profilefor 1936 is the iowest 
of re~o:td"!1nd that for 1918 is the highest, The profiles in 1907 and" 
1944 are intermediate and are nearly coincident. All four have been; 
projectecl to the coast line to show roughly how thG hGael of water, 
has vs,ried at th~t place. A maximum heael about 55 feet above sea 
level occmred ID.1918,and a minimum head of about 20 feet in 1936 .. 
On plate 6 the hydraulic gradients at the crossing of section D-D' 
appear to havevariecl only slightly in the 4 years. ;However, on 
profiles of larger scale it was found that III the 3 years 1918; 1936," 
and 1944 the hydraulic gradients wel'e 10,6, and 8 feet per mile,' 
l'espectively. Owing to the ll'regu}s,rity in the graelient in 190~ ,ri~ar, .,' 
the line of section, this year is omitted" from the outflow computa '.' . 
However, out:flow was pi-obably of about the same magnitude as 

1944. 
Because the water' in the main water body is considereel to 

essentially confiuent throughout, the hydraulic gradients then; are 
'appli~able to the full cross-sectional area. Thus, the total ground~, 

II Lippincott, J, B., op. cit" diagr~m 3,1931. 
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wate~ outflow to the sea for the 3 years, 1918, 1936, and 1944, or for 
othel. years wpen the hydraulic gradient is known, can be estimated 
as foUolvs: The rate of ground-water outflow in gallons per day is 
e~ual to the produ~t ofth~ cross-sectional area times the permeability 
tlIUes . the hydrauhc gradlent. The rate times 365 gives the total 
quantIty for any 1 y~ar. The quantities thus d.erivedare shown in 
table 1~ for the maXImum discharge in 1918, for the minimum dis~ 
charge m 1936, and for the discharge in 1944, 

TABL,E 11 ,-Estimates 6f ground-water outflow from "the main water body in 1918 
" 1936, and 1944 " ' 

Formation 

.....•. Alluvium (lower member) _____ _ 
. Pas.o Robles and Orcutt forma-

. C;:~~;;-S-;~d= == ======= ======= 

Perme­
ability 
(gallons 
per day 

'per square 
ioot) 

1918 

2, 000 

55 
75 

Saturated 
cross­

sectional 
area (foot· 

miles) 

450 

5, 500 
2, 200 

Outflow 
Hydraulic 

gradient "I----rr---(feet per Milllon 
mile) gallons Acre·feet 

per day per year 

10 

10 
10 

9. a 
3.6 
1. 7 

. 10, 100 

4, 000 
1,900' 

TotaL __________________ " ____ ~-- _______________ _ 14.3 16, 000 

,Alluvium (lower member) 
Pas,o Robles andOXGutt fO~l~~~-
" tlOns ______ ~ _____ _ 

, ,Careaga sand ______ =_=--------

1936 

2, 000 

65 
75 

450 

.5,500 
2, 209 

5 

6 
6 

Total ---------------- .... - --- ----- ---.----- --------

"Alluvium (lower member) _____ _ 
'" Paso Robles and Orcutt forma-

"Ca?~~;~~~~d================= 

1944 

2, 000 

55 
75 

TotaL _________________________ _ 

450 8 

5,500 8 
2,200 8 

----.--- --------

5. 4 

2.1 
1.0 

8.5 

7. 2 

2.9 
1.3 

11. 4 

5, 000 

"2,400 
1, 100 

9, 500 

8,100 

3,200 
1, 500 

12, 800 

The table shows,that there has bee~ a fairly wide range inground­
o~tflow to the sea. ,Fuxthermore, approximately two-thirds of 

, . tota' o~t;fiow ta~es place throug!I'the lower member of the al-
:lul'l~m, WhICh constltutes only about 6 percent of th' t' t 1 ' sectIOnal area. ," " '," e . 0 a cross-, 

';,Itis believed that in the years around 1918 h ." ,1 ' th h' h " ", w en water, evels were 
"e Ig' est of record and when groUJ1d water was d'" h ". 1" , "lscargmg a ong 
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the edge of the area of confinement as over:B.ow in Green Oanyon and 
the Santa Maria River j approximately the maximum possible hy­
draulic gradient was established across the area of confined water. 
Hence, the discharge of 16,000 acre-feet a year is also the maximum. 
possible ground-water outflow. TlJ.s is' believed to be true because 
any further increase in gradient in the intake area would produce an 
increased over:B.ow,but it 'would increase only slightly the hydraulic. 
gtadientin the area of confinement, Hence, the out:B.ow could not be 
increased appreciably, . 

In 1936, on the other hand, when the minimum known hydraulic 
gradient of 6 feet per mile occurred, the out:B.ow also was at a minimum, 
or 9,500 acre-feet. The over:B.ow had long since ceased, and water 
levels along the edge of the area 0.£ confined water had declined 55 
feet. ,The pressure head at the coast had also declined from a Pl'ojected 
high in 1918 of about 55 feet above sea level to a projected low in 1936 
of about 20 feet (pI. 6). Thus, if the water levels had continued to 
decline after 1936, the hydraulic gradient would have decreased 
accordingly. illtil1lately, when the hydraulic gradient approached 
zero out:B.ow would also approach zero. In order for this to happen, 
the water levels along the eastern edge of the area of confined water 
would have to'be reduced nearly to sea level, or about 80 feet below the. 
1936 levels; however, this possibility was averted when water levels· 
began to rise in 1937. , 

Thus, ground-water out:B.ow has ranged from a maximum of about 
16 000 acre-feet in 1918 to a minimum of about 9,500 acre-feet in 1936 ... ' , . . 
With the subsequent rise in water levels an;:l increase in hy~raulic 
gradient trom 1936 to 1944 it has increased to nearly 13,000 acre-feet a, 
year. For the intervening years not shown in the table" outflow h~s . 
been estimated for years when there were sufficient water-level data 

GR,OUND-WAT.ER , RESOURCES 97 

out:B.ow amolulted to about 16,000 acre-feet 'a year (table 11), and 
pumpage ,\-vas possibly a.bout 20,000 to 30,000 acre-feet a year. Thus, 
discharge by overflow and evapotranspu:ation losses must have made 
up the difference and would have been about 30,000 to 40,000 acre-
feet a year. ' , .. 

Perennial :B.ows. in GreenOanyon aildin the Santa Maria River 
totaling approximately 40 to 50 s.$cond-feet would have been neces­
sary to dispose of'the excess recharge. As was mentioned, flows Ul 
both channels were reported by residents, but unfortunately the 
magnitude of the :B.ows was, not known by them .. If such large yearly 
:B.ows were discharged at, the surface,a considerable portion would 
have been lost by evaporation and transpiration (p. 93). However, 
the discharge by.over:B.ow aild evapotranspiration cannot be divided. 

Over:B.ow and ev.,apotranspiration losses have not taken. place since 
the depression of the ,yater table in the mid-twenties. .Therefore, no 
es.timates are ulcluded in table 12. It is certain that neither form of 

'discharge will Tecur as long as the water table remains at or near the 
levels ind,ueed by the heavy'pumpage of the past 20 years. Thus, 
.in effect, pumpage has salvaged a large amount of natural discharge 
for agricultural and other UEies which otherwise would have been lo'st., 

ESTIMATE OF TOTAL DISCRA.RGE 

.', The estimate of total discharge from. the main water body includes 
the discharges by net pumpage for irrigation, discharge for other 'uses, 

. andground-water out:B.oW' to the sea (tables 91 10) and 11, and p. 96). 
These data have been assembled for the 16-year period 1929-44, and 

. ·:areshown in table 12. 

TA,B~Jj) 12,"""':Estimates of tota~, yearly discharge from the main water body, 1929-44 

and interpolated for the remaining years., The total out:B.ow for the .i, 
.<,' 

Year 
Total 

discharge' 
(acre-feet) 

Year 
Total 

discharge 
(acre-feet) 

16-year period 1929-44 is estimated to have been about 18.0,000 acre7 "" 
feet or to have'averaged slightly mOTe than 11,000 acre-feet a year;::. 

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

ESTIMATES OF DISCHARGE BY GROUND-WATER OVERFLOW AND EVAPOTRANSPIRATION 

Discharge by ground-waterover:B.ow can be very roughly estimated,\;; 
for the YBars aroimd 1918. These estimates include anyevapotrans~", 
piration losses that may have occulTed at that tiIDe. During the 14-
year period 19·05-18" rainfall was above 'average, and as a result a 
considerable quantity of recharge was supplied, to the main water' 
body, Recharge undoubtedly was greater than during the years of 
below-average rainfall, 1929-36, but probably was less than that in 
the extremely wet years, 1937-44 (p. 83). If an average 
recharge of about 80,000 acre-feet is assl,lmed as reasonable for 
period 1905-18 (p. 126L then the distribution of discharge for the years 
around HllR r,an b0, TouP'hlv fl,nnrnximfl,t,p,(I fl,S follows: ni<\,."hl'l.TP'P, h17'. 

~:~j. :1929 _________ ... _________ _ 
ii' .1930 ______ . _____________ _ 

;!~:J~i~==== = = = == = = == == == === '" 1934 _________________ ~~_ 
:~ 1935 _____________________ _ 
~. 1936 _____ ~ ____ ~ ________ ~ 
~. 1937 __ ~ ________________ _ 
~<:. 1938 _______________ ~_--_ 

57, 500 
58,900 
59, 400 
56, 900 
51, 600 
53;600 
56, 100 
62, 800 
62, 100 
63, 300 

1939: ________________ ~ __ 
1940 ___ ~_~~ ____ ~ ___ ---~-
I941 _____________ ~_~ ___ _ 
1942 ___ ~ ______ . _________ _ 
1943 ______________________ _ 
1944 ___________________ _ 

69, 800 
77, 800 
65, 300 
68, 600 
74, 500 
78, 000 

TotaL ___ . _________ l, 016, 200 
I6-year average_~__ 63,500 

:> .' 
' .. ,--------.-:.-,-:..---...-:.:..~---------'---'------
~; ; 

/:. " .. 
; Total yearly discharge, which probably increased steadily' during 
" the twenties, reached a peak in 1931, decreased slightly to 1933, then 
':' generally increased steadily to 1944. Thus, the minimum of record 
« was about 51,600 acre-feet, the ma..ximum was about 7Rnnn R("T'P-fPpt, 
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and the 16-year average was about 63,500 acre-feet. The relatively 
high discharges in 1939 and 1940 were due in part to the.relatively 
low rainfall and consequent increase Ul net pump age for irrigation. 
Because the netpumpage for irrigation has composed about 75 per­
cent 'of the total discharge in recent years, the -variations in pumpage 
have been the principal cause of the -variations in the total discharge. 

WATER-LEVEL 'FLUCTUATIONS IN THE MAIN WATER BODY 

, SCOPE AND UTILITY OF THE RECORDS 

In the Santa Ma~ia Valley areasix ag'encies have made over 4,50'0 . 
depth-to-water measurements in 71 observation wells, The ag'encies' 
and theu' span of record to date are the city of Santa Maria, beginning 
September 1917; the Union Oil 00. of Oalifomia, beginning March' 
1920; the San Joaquin Power Division of th.e Pacific Gas and Electric '.' 
00., beginning August 1929; J. B. Lippincott, a single set of measure-' 
ments in September and October 1930; 'the Santa Maria Valley Water 
Conservation District, beginning April 1938; and the United States 
Geological Survey, beginning May 1941. In addition, thel'e al~e frag-:­
inentary records by owners, well drillers, and pump agents. All these 
recol'ds have been assembled and released to the public in publishe~ 
reports by the Geological Survey (La Rocque, Upson and Worts, 1950. 
Meinze1', Wenzel, and others, 1943) pp. 147-153; 1944, pp. 228-237; 
1945) pp. 177-183. Sayre, A. n., and others, 1947, 'pp. 156-163; 1949,; 
pp.168-175). 

In any area, records of water~levelftuctuations in wells are of ip,esti-
'mabIe value to the hydrologist for the intel'pretation of the. past 
pl'esent hydrologic conditions. The records. collected in the Santa 
Maria Valley area showed seve1'al types of ftu'cttiations pertaining .to 
the conditions 01' forces at work in the main waterlJocly, as follows. 
recharge from streams, recharge from rain, pUmping, and -
load on the laud surface. The first three types maJ~ be cyclic 
commonly produce a yearly or seasonal effect-differences. 
which, ill part, serve to. identify.thepause. ·The fourth op 
momentarily and has no large effects. The several types of 
tions are discussed in, the ensuing pages. , 

Figures'3, 4, 5, and 6 show fluctuations of water level in 13 bvJlvVuOU 

welkin the Santa Maria Valley area:- The hydro graphs of the 
shoyvn on figures 3, 4, and 5 are in .the intake area, and those on 
6 are in the area of confined water. The locations of these wells' 
·shown on plate 1. 
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FLUCTUATIONS CkUSED BY REC:a;aRGE ,':FROM STREAlvIS 

Because the water table nearly everJ'Ivhere is far below the channels 
of the Sisquoc and Santa Maria Rivers, seldom, if ever, is thel'6 any 
hydraulic continuity between water ill the channels and, the main 

· Water body (p. 79). Thus, the levels:in wells always rise in response 
to recharge from the ,two rivers but have neyer been known to fluctuate. 
~ accord 'with river stage.· : 

',Stream flow, and hence recharge from the rivers, commonly is 
limited to the.6-month period Noyember through April each year; 
and during the remaining 6 months channels of both the Santa Maria 
aild 10'wer Sisquoc RiYers are usually dry. Accordingly, the response 

· of. water 'levels' to stream recharge is cyclic :in nature. Furthermore, 
the magnitude of the rise each year is dependent upon. the quantity 

· Of recharge. During jears of low l1echarge small rises ·.occur and, of 
· course, the' convers'e is also true. 

In the intake, area the rise ii? due directly to the increase in stored 
· water and represents actual saturation. of the deposits, wher,eas in: 
'the area of confinement the rise is due solely to the increase' in head 
· in the adjacent intake area. Also) bO.th in the intake area at some 

distanc.e from streams and in the area of confinement there is a COTI- ' 
siderable time lag in the. response of water levels' to' riYer recharge. 

• Rence) the fluctuations in each are discussed separately. 
· .' Fluctuations in the intake area.~ Wells along the riYer in the intake 
arei? aTe the first to respond to each year's recharge, and without 
exception they 'haye laTger rises than those in any other part .of the 
area, The hydrographs of wells 9/32-7Nl, 9/33-2Al, lO/33-Z8Al, 

.10/34-2Rl, and 11/34-30Ql (figs. 3 and 4) show the character of the 
· rises. They show that during years of substantial recharge there is a 
· st~ady, uninternipted rise of water leyels during the winter months of 
ea,ch year, and that the net ri~e is roughly proportional to the quantity 
of recharge. For example, in 1941, the year of greatest recorded 

. recharge (table 7), the hydro graphs of wells 9/3Z-7Nl, 9/33-2Al, 
lO/33-28.Al, lOj34-2R1, and 11/34-30Ql show net rises of about 25, 
20, 35, 35, ~nd 30 feet, respectively. A relatively s:;:nall and indeter­
minate part of .these rises was due to infiltration of rain and recoyery 

water levels at the close of the summer pumping season. On the 
.other hand, in 1940, a year of relatively small rechal'ge, th.e hydro~ 
graph.s of wells 2Al, 28Al, and 11/a9-30Ql show net rises of only 
about ,,3 feet, and -w:ells 9/32-7Nl and 10/34-2Rl E;how slight net 

The net declines were due either to the fact· that the deple­
of storage by natural drainage exceeded f;he recharge,. or to local 

pump age, or both. 
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In wells progressively farther' away from the river, the water levels 
resjJond to recharge from streams in much the same manner, but the 
rises are progressively smaller in magnitude, Ciccmat slower rates, 
and are interrupted or partially masked by summe1' pumpage. These 
featmes aie shovm. most clearly by wells 10/33-19Bl and 10/34-14E3 
(figs. 4 and 5), wInch are more than a mile from theJlver. In 1941 
the water levels in these wells 1'ose.24 and 18 feet, respectively, which 
was somewhat less than those near the river; did not reach their 
p~aks until 6 to 12 months after the levels in wells near the river; 
and rose at rates of 3 an.d 2 feet per month, 1'espectively, for 8 months 
compared to an average rate. of rise of 8 feet per month fo'r 4 months 
in wells near the river. 

Thus, each year's recharge travels.·away from the river asa mound; 
The mound probably registers in large part the transmission of head 

'. rather than the actual movement of water (Tbb;uan, 1937,p. 241). 
However, in this report it is referred· to simply as the recharge mound 

. because in either case the. effect on water levels is essentially the same. 
Water-level contom maps for i941 and 1942, drawn for study pmposes, 
show that, the recharge mound which developed from river seepage 
losslll 1941 moved southwestward away from the Santa Maria River 

'. and decreased.in height as it traveled. The mound took from 6 to 
more than 12 months to reach the southern edge. of the Santa Maria 
·plalll. It decreased considerably in height and in. volume by the 
time it reached wells 3 or 4 miles from the river, but ultimately it· 
may have extended as far south as the axis of tJ:-e ground-water 
trough beneath the southern part of Orcutt upland, as shown for the 
spring 1942 (pI: 5). However, its effect on wider levels in this area 
was probably masked by infiltratlon of rHin. 

Dming years of average recharge from streams the mound pr'obably 
does not extend far beyond the southern e.dge of the plain, and dmillg . 
years of below~average recharge it probably does not move even 
that far south. . . 

Fluctuations in the area oj confined watl3T.-An increase in ground­
water storage by recharge from streams in the intake area, as was 
explained above, results in arise of water levels. This rise increases 
the head of water in the underlying formations, which farther, west , 
are confined beneath' the upper member of the alluvium. This in-, 
crease Ln head, in tUTn, is reflected by a rise of the water levels. ill: 
wells. However, because the botmdary between the two areas is . 
gradational, and because, as was indicated previously, there is a con- . 
siderable time lag in the movement of the stream-recharge mound 
southward across the plaill, this transmission of head is a slow process .. 

These relationslnps are best illustrated, by. a comparison of the 
hydrognlphs of wells 11/34-30Ql (fig. 4) inthe intake area and 10/35-

" 
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12M1 (fig. 6) about a mile within the area of confined ·water. In 
well.lO/35-12Ml the principal rise after the '1941 Techarge did not 
culminate until the winter ofl~42, and thereafter th'e annual peaks 
rose slightly to 1944; whereas in.well 1l/34'-30Q1 the peaks declined 
s+igh tly from that of 1941. . . 

The lack of prono,unoep, rise in welll0/35-12Ml in 1941, in response 
· to the large recharge of that year, is probabl:y explained by the fact 
. that the recharge mOUlld movillgsouthward from the l'iver in the 
intake area did :not reach the inland edge of confinement east of this 
well untilmid-summer,andthat it was dampened by summer 
puinpage. 

The rise in well 10/35-12M1 from October 1941 to April 1942, 
which amounted to over 10 feet, Canll9tbe traced to recharge ill the 
willter of 1941-42,' because thehyclrograph of wellll/34-30Q1 shows 
no appreciable rise· in the spring of 1942 .. Thus,. the ris'e of water 

:. level in well'10/35-12M1 in 1942 must have been due primarily to the 
general rise in the water table in the intake .area resulting from the 
large recharge in 1941. In wellll/34-30Q1 even the summer levels in 
1942 and iIi later years were about 15 fee~ higher than in p~eceding 
years i and.this rise is somewhat greate.r than but similar to the rise 
in the Tfl,nge of fluctuations in well 12M1. The hydrographs of weils -
lO/35-7F1, 11/35-20E1, and 11/35-'-33Gl (fig.' 6) all sho'w the same 
featUTes. The peaks to which the water .levels might have risen in 
wells 7Fl and 20E1 could not be ascertailled because both flowed for 

· several months in the winters of 1942-44 and measmements of static 
head 'were not made. The peaks were probably somewhat lower 
than in well12M1. 

Therefore, it is concluded that a recharge mound leaving the river 
. in the intake area does not affect the head of water in the area of 
· confinement until it has produced a general rise in· water level~ along 
· the greater part of the inland boundary of confinement. The time 
lag jnvolvedls from 6 months to a year, and again the amplitude of 
rise is directly proPbrtional to the quantity of recharge.' Thus, even 
in the area of confinement the effect of ii\~er rechaJ.'ge decreases as the 
distance of thewells fro.ill the area of riVer i'echarge increfl,ses .. 

FLUOTUATXONS RELATED :;ro EEOILI..RGE ·FROM RAIN' 

The relatively sm'all quantities of recharge by infiltration of rain 
usually cannot be identified in the hydrographs of wells in most of 
the intake area because the' response of water levels to rain is over­
shadoweq by other larger ,responses, s'uch as those to recharge from 
streams and to recovery frompumping.N evertheless, in each season's 
rise of water levels in years when ,the ramfall is greater than about 12 

'i:p.,ches, there must be ilome small increment. that is due solely to rain.· 
. In areas remote from heavy pumping and from river recharge it is 
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believed that recharge from rain can be' recognized. Furthermore, 
there appears to be some time lag involved between the time of rainfall· 
and the time the recharge reaches the main water body.' For example, 
in the year 1942 the water level in well 9j34-3N3 (fig. 5) rose about 
6 feet. Assuming a specific yield of about 16 percelit (p. 119), and 

. recharge from rain in 19~1l as about 1 acre-foot per' acre (table 6), the 
rise of water level from that recharge alone would have been about 6 
feet. Thus, it is believed that the rise was due largely to rainfall and 

. perhaps partly to the decrease in pumping rate, Conceivably, a part 
of the rise may have been due to river recharge in 1941. The quality 
of water in this area indicates, however) that rech§.rge is primarily 
from the in6ltration of rain' (p. 137). 

Isolated measurements in wells9j33-15D1 and 11/34-19R1 $how! 
net rises from the mid-thirties to 19440£ about 15 and 6 feet, respec~ 
tively-a l;'ise which is believed to be due primarily to recharge from 
ram. In the. minor water bodies in the Orcutt and Nipomo uplands' 
(p. 74) ~vater levels are reported to rise in years of above-average 

rainfall fl,nd to show little or no rise in years of b'elow-average rainfalL 
FLUCTUATIONS INDUCED BY PUlY.IPING 

Pumping of ground. watei, for all uses in the Santa Maria ~Talley 
area has a considerable diurnal as well as seasonal. fluctuation-most. . 
pml1ping being in the daytime, and most of it'in the summer. The' 
resulting variations ill draft. on ground water 'produce daily and' 
seasonal fluctuations of w.ater levels in wells. Becausepumpage for, 
irrigation constitutes the bulk of t;he draft its effect.is the most pro­
nounced. The leIigth of the pumping season is dependent to' a liuge 
degree upon the distribution ~md intenpity of rainfall, but. in general" 
about 90 percent of the pumping occms during the 7-month period 
April through Octo bel'; the remaining '10 percent takes place during the 
'wintel~ months,I5 . . 
. Seasonalfiuctuations.-In contrast t() the genel'al seasonal rise of 

,vatel"levels in wells due to recharge each year, there is a correspondiJig 
se~sonal decline of water levels due mostly to disc~arge by pmnpage 
during the late spring,summer, and early autumn months. HbWeVel'~, .. 
an uudetermined pal't of each year's decline is duato the continuous 
process. of natmal depletion of storage by-the w,estward drainage of. 
ground water. . As a result oHhe .staggei:ed periods of yearly rechal'ge 
and discharge the hydrographs of w~lls show an oscillation somewhat. 
analogous to a sine curve.' Late each spring water levels inmost wells' 
begin to clecline' abruptly as pumping for inigation begins; generally 
at about the same time throughout the area. Naturally, the response 

"'Lippincott, J,B., Report on water conservation: and fiood control of the.Santa Maria River iiI Santa 
Barbara and San Luis Obispo Oounties,' Calif" MarCh 1\]31' (unpublished report available to the publi9 at 
the offices of the County Planning Commission, Santa Barbara, Calif,). ' 
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i$ most noticeable in ;wells ill the heavily-pumped areas of the Sisquoc 
and Santa Maria plain~ .. Elsewhere the response varies principally 
with the distance of wells from these heavily pumped areas. 

. In the intake area water level13 in 'Iveils adj,acent to theriv.el'susually 
closely approach or occasionally teach their peaks before,pumping £01' 

. irrigation begins each year. Consequently, in these wells the decline 
of water levels due'to punlping is not appreciably masked by riVer 

. recharge as in the case of water levels in wells farther away. Dming 
the 4-year period 1941~44, when monthly measurements were made III 
most o.bservation';vells, the hydro graphs of wells 9j32-7Nl, 9/33-2Al, 
10/33-28Al; 10j34-2Rl, and llj34~30Q1 (figs. 3 and 4) showed 
declines each year which averaged aqout, 7, 8, 13, Il, and 9 feet, re­
Sl)ectiV:ely. . Most of these wellsshdw that the water levels reach their 
lowest stages near the end of each' year arid scimeti;ri:les"'not until 
January or February of the following year. In years Qf slUall recharge, . 
such as 1939, the hydl'ographs. show that in general watei' levels 
continued. to decline after February and tbxoughout the remainder of 
the year. . . 
.. In the'intake area away from the river the deciin~ of water levels 
each year in response to' pumpage is greatly dampened or is' even 
nullified by the· delayed recharge m:ound from the river. . The h)Tdro­
graphs of wells 10/33-19Bl and 10/34-14E3. (fig$. 4 and 5) show that 
in. 1941, inst~ad of declining, water levels rose rapidly from about 
.f...pril. throughout the period of concentrated pumping. Tills same 
characteristic was noted in other wells lllthe same area, and also for .' 
other years of large recharge, s.uch as 19,38, In' fact; water .levels in' 
some wells in this area are occasionally at their . lowest. stage in Feb-

· ruaryand March, when w;ells along-the river are approaching their 
peaks. This is shown by a. comp.arison of the hydrographs of wells 

· 1033:-19Bl and 10/34-:-2R1 in the years 1943 and 1944. ' Wells along 
the south side 'of the plain show normal~pring rises and summer de.­
clmes only because t~Ei recharge mQundsl'61Lch this: area almost 1 yeal: 
late and, therefore, do not mask the pumping decline. . 

In. the heavily pumped portiol). ofthe Orcutt upland flucbu.ations of 
water levels in response to pumpmgare different .from those else~here 
in the ar~a, .' This is due t~ the fact that welis 9/34'-3N1, 9/34-3N2, 
9/34-;-3N3, .9j34:-3N4, 9/34-10M1,' arid 9/34-~oM2 are aU public-

· supply wells and are necessarily. ()perated dUTing ,the entire, :year. 
. Bec.ause $umnler.Pllmpage is greater than winter pumpage, water 
l~yels s~ow some. variatioJ?o. . The fluctuations mducedby pumping 
are best illust~'atl3d b3': the hydrograph of well 9/34-3N3 (fig. 5) which, 
except dur~ng winters of largerecharge,shows exceedingly small'varia­
tions in water level$ between 'win tEll' and summer, amoUnting to only 
1 to 3 feet. . 

940370-51-8 
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In the area of confined water, on the other hand, water levels start 
to decline instantly when pumping begins, usually in April, reach their 
IO'west stages at the height of the pumping season in July) August, or 
September, and start to rise rapidly thereafter as pumping decreases. 
The imlnediate rise or decline. of water levels in' response to 
pumping conditions is due prirriarily to the fact that the :fluctua­
tions largely' .represent changes in head, and not the unwatering of 
deposits as' is the case in the intake area. When the pressure is 
reduced at the start of the pumping season, the loss of head tm'ough­
out the artesian system is rapid, and water levels drop.- At the close 
of the pumping season just the reverse takes place. 

The close correlation between pumping schedules and watedevel 
:fluctuations in the area of confinement is best shoVl'U by the h:ydro­
graphs of ~vells 10/35-7]'1, 10/3.5-12Ml, 1l/35-20El, and 11/35-33G1 

. (fig. 6). These h}Tdrographs show clearly the start, height,and termi­
. nation of the pumping season as outlined above. During the 4-year 

period 1941-44 the seasonal ru'op in. water levels has averaged about 
. 8 feet each year. This uniform amount of. seasonal decline may be 
due to the fact that p~page during each of these four years has been 
of a,bout the same int~nsity and duration. 

DiuTnaZ fiuct,1fations.-The cliumal :fluctuations of water levels in 
. response to pumping in the intake area differ considerably from those 
in the area of confineme;nt, The records from recorder charts and 
:float gages of well10/33-27K1 in the intake area and of well10/35-7G3 
in the area of confinement are compared to show the effects of pump­
llig in the two areas on the daily :fluctuations. 

Well10/33-27K1 is about 300 feet from irrigation well 10/33-
27K2. D1.U:ing each day of a 150-day petiod from April 27 to Sep­
tember 24, 1942, the water level in well 27K1 dropped almost con­
sistently about 0.15 foot in response to pumping in well 27K2, and 
recovered about -0:05 foot during the night after the pump shut down, 
for a total net decline of 12.61 feet during the entire period. Further­
more, there was a lag of several hours bBtween the tUne pumping 
started and stopped in well 27K2 and the time when the .water level 
in well 27Kl respondBd. 

. In the area of confinement', on the other hand, the record of well 
10/35-7G3 shows an entirely different i'esponse to daily pumping ill 
iri'lgation well 10/35-:7G1, which is only 250 'feet distant. Well 78-3 
shows a daily decline of over 6 feet and a nocturnal recovery of almost 
the same magnitude. From May through September', 1942, the net' 
decline was only 7 feet, indicating that diurnal fluctuations due to 
pumping were often as great as the total seasonal :fluctua~ion. Also, 
when irrigation welllO/35-7Gl was started and stopped the response 
in observation ,veIl 7G3 was abrupt and almost instan.taneous, . 
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Another feature illustrated by comparing hyclrogl'aphs for wells in 
these two areas are the diurnal fluctuations produced in the observa­
tion wells by pumping in distant ~yells. In well 10!33-27Klonly a 
barely perceptible diurnal :fluctuation, usually less than 0 .. 02 foot, was 
noted when either of.the·irrigation wells 10/33...,27Ll andl0j33-27G1 
which are both about 800 feet distant, was pumplng. In contrast' 
diurnal :fluCtuations of over 2 feet were observed in well 10/35-7G3 
when irrigation well 10j35-7F1,which is over 1,400 feet distant,was 
pumping. 

These marked·differences in response of water levels to pumping in 
these two areas support the irifel'ence phat the seasonal fluctuations in 
the intake area are due to the composite effect of recharge mounds 
which tend to give high levels in willter, and withdxawals by pumpin~ 
augmented bYJ?-atural 'depletion) which tend to l)Toducelovy lenls in 
summer. These' fluctuati9ns' represent changes in .the amount of 
water in storage. On the other hand, ~he fluctuations in the area of 

. confinement represent pressure changes but essentially no unwaterincr 
of the deposits or changes in storage. In the area of con:fuiement som: 
small changes in storage actually dotake place (Wenzel, 1942; p. 99),' 
?ut they are so insignificant when compared.to,· the changes in the· 
mtake area that they are not considered in this report. 

FLUCTUATIONS CAUSED BY A MOVING LOAD. ON TE:E r~ SURFACE 

Momentary rises and declines of water levels of 0.02 to 0,05 foot 
caused by passing trains have been observed in wells in the area of 
confinement in the lower Santa Ynez Valley during the courSe of the 
ground-water investig~tion in Santa' Barbara County .. Simila~ly, 
Stearns (Stearns,. Robrnson, and Taylor, 1930, pp, 148-150) figs. 
20,21) o?servednses of between 0.01 and 0.03 fciotin certain wells in 
Mokelumne area,. California; and Jacob (1939, pp. 666-674) 'made an 
i1?-tensive study of this type of fluctuation'on Long Island; New York. 

In the Santa ~/raria Yalley area fl.uctuations caused by passing trauis 
were observed m well 11/35-3381) which is in the area of confined 
water and 58 feet from the Southern Pacmc railroad. The well 
penetrates the full thickness of con:finjng material, constituting the 
upper member of the alluvium, and is reported tQ penetrate the main 
water body fora depth of over 30 feet. ·Figure 7shows the fLuctuations 
of water level before, during l and after each of t'ivo trains passed on 

,.March 7, 1946. The general decline of waterlevel in wellll/35":"33G1 
. ~u~'ing. the period of obseryation' is due to pumping from a nearby 
. lrtlgatlOll well. . ' 
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FlGURE 7.-HydrogTapb of'<velJ 11/35-3301, showing the effect of a moving load OIL the land surface, 

The first trail;!, to pass was a slow-moviilg freight, and the second, 
about' 30 minutes later, was a fast-moving passenger train. The 
effect on the water level ill the well, as det61'i:nilled by illdividual tape 
measurements', s~ems not to have been the same in each case, but might, 
have been found to be, essentially the same hadme.asurements bee:o. ' ' 
,spaced more closely. The fluctuations 'of "rater level caused by the 
passing of the freight train seem to fit closely the explanation given 
by Jacob (1939, pp. 672-673, fig. 6) for thefluctuatiQns ill certam wells 
on LOI+g Island. " , 

The water tapped by.well 11/35-:-33GI is confined,' and the aquifer 
is assumed to be elastic. Undel' these conditions, and ill accord with 
Jacob'sexplariation, the fluctuations can be explailled as follows. o As 
the train apprQached the vicinity of the well the extra load on the' 
cou6nillg bed caused an increase of pressure in the aquifer, resulting, ',' 
in a rise of water level ill the well. ,Witp. the passillg of the train the, ' 
load remained about constant for a time; but as, the aquifer was com~ 

, pressed under the extra load, water was w'iven latf;lrally and most of 
the tTain's load ultimately was supported almost· entirely ~:Ythe 
aquifer ~ Hydrostatic pressure then :returned toward noru,lal, and the,' 

, water level in the well approached normal level. As soon as the train 
had passed the vicinity of theW-ell, the excess load decre!1sed, " ' 
aquifer, beillgelastic, expanded; and for a time the hydrostatic , 
pressure ill the aquifer ':ITas negative, resultil1g. :i:o. a decline of water, ' 

, level in the well below normal level. As the water returned With' 
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the expansion of the aquifer to, its original shape, tbe hydi'ostatic 
head approached normal and the water level in the well returned to 
its normal ,position. 

THE RELATION OF, NET CHANGES OF, WATER LEVEL TO NET 
,CHANGES IN STORAGE 

In the foregoing paragraphs the types of water-level fluctuations 
havebeeI+ discussed from the standpoint of their causes, such as 
recharge 'and pumpage, which ,produce rise", or declines most readily' 

'apparent over short periods of a few days or months. Because these 
causes also operate intermittently or contmuously, they produce a 
comp6s~te effect which may result in a net rise, net decline, or no change' 
in, water levels over any particular period. In the intake area these 
net changes rep,resent net changes in the amou:ut oh.vater in storage 
in the main water body. For example,· over a' given period if the 
total recharge is greater than the total discharge the differ81ice goes 
intostOl'age in the basin, and water levels show a net rise; if rechal:ge 
is less than discharge the difference is taken from storage and water 
levels decline; and if recharge and 'discharge ai'e equal, water levels 
show no net change. Because there have been relatively long periods 
of both above-average and below-average rechatge, these net changes 
have been'most pronounced over long-term periods. 
, FigureS shows fluctuations of waterIevelsmthe two'wells having 

the longest record ill the area and their relation to rainfall at Santa 
Maria. The continuous record of 'fluctuations. ill weIl 10/34-14E3 ' 
began in 1917, and ill well 9/32-7N2 ill 1920. Priorto 1918 few 

, recorded data are available, but enough reports and i'eco~dswere 
.,',' obtained from owners and well drillers in the COUTse of the investiga~ 

tion to determine ill a g'eneral way the major fluctuations that took. 
place in well 14E3 from 1903 to 1917. 'For example, the measure­

,ment for the year 1903 is based on a reported water level in a nearby 
,well; and those for the years 1906 and 1907 are also based on levels 

' " in nearby wells giVen in Lippincottis report.IB 
, The illdicated declille of water level between 1890 and 1903 is based 
',partly on reports of early water levels and partly on the remaindel~ 
,of the recol'ded nuctuatiqns. Piior to 1883, accol'dillg to Mason 

(1883,pp. ~12-313), flowing water was obtained at 'a depth of llO 
feet in and near Guadalupe; and in about 1880 water was obtained 
on the'Rancho Punta de 1a Laguna (pl. 1) at depths of 20 to 60 feet. 
Thus, there must" have been a net 'dedinebetween 1880 and 1907 of 

,at least 20, feet at Guadalupe and possibly 'of more than 30 feet ill 
", the Rancho Piirlta de 1a Laguna. '(See pI. 6.) From these data and 
. from the general parallelism of the hydi'ograph with the curv~ fol' 

J! Lippincott, J. B., op. cit., diagram No. 3~ 1931. 

Copy of document found at  www.NoNewWipTax.com



112 GEOLOGY .A1\fDGROUND-WATER, ,SANTA l\URIA VALLEY, C~LIF. 

0 0 
0> Q 

v 
I'----f.--'" 

I~ 

r< l> 
g 0 0 

£!! ~ 

3JV~~nS-aN\1l ,,6138' J33~ NI'13i\31-,f31VM 

'. 

S3HJt,! NI·'llV3'NIVll. 

;Q .9 U1 0 -~. -7 ~ 7 ~ ~ 7 1 
S3H::>NI NI' 3~~CJ3!\V I~Otl;!llV;lNIVCJ ;l0 3CJnlCJvd3o G31V1nVolnJJV 

o 

GROUND-WATER, RE.SOURCES 113 , 

accumulated departme of rainfall, the hydrograph of 14E3 is 
extended back to an estimated depth to water of 50 feet in 1890. 
Not only is this partlyrecQ.nstructed record the longest av.ailable, but 
also the ,,yell is near the middle of the Santa Maria plain and within 
the pumped area. . Although the records shOlv that fluctuations in 
wells near the central part of the Santa Maria pIa,in have had a wider 
range in amplitude than wells either near the coast or in the Sisquoc 
valley, the fluctuations are probably fairly representative of fluctn­
ations wi'thin the valley area as a whole. 

Study of the fluctuations of water level in well 10/34-14E3 and 
comparison with the rainfall as a measure of the recharge reveal 
several pertinent features with regard to changes in storage. First, 
there have been two 'periods of rising :w:iter level, indicating increase 
in storage,' and two periods or declining water level, indicating decrease 
in storage.. S'econd, the)ong-period changes of-water ievei, and hence 
storage, have been generally.proportional to the natural fluctuation 
of rainfall. Third, the water level in 1944, which probably is close 
to a long-term peak, was about 35 feet lower than the peak of 1918. 
Thus, dming the period 1918-4.4, pumpage has apparently been suffi­
cient to modify considerably the ,natmal fluctuations of water leyel. 
In ensuing paragraphs the long-term fluctuations are discussed accord­
ing to foul' main periods of water-level change; namely, the period 
1890-1904, of declining water levt;\l; the period 1905-18, of rising 
water level; the period 1919-36, of declining water level; and the 
'period 1937-44, of rising water level. 

. Net decline during the. period 1890-1904.-The peTiod 1890:-1904 
was one of below-average ramfall (fig. 8), and hence belo,~r-average 
rechaTge. During the first 8 years of the periop. essentially all ground~ 
wateT discharge was by natUTal processes.· Doubtless there was not 
only maximum discharge by ground-water outflow (p. 96), but also a 
consideTable quantity of dIscharge by ground-water overflow. After 
1898, pumpage began to extract limited quantiti~s of ground wateT. 
This pUlllpage) together with deficient Tainfall, evidently caused' a . 
decrease in storage dUTing this peTiod. .The net decline of water level 
may have amounted to as much as 45 feet at well ~0/34-14E3. Had 
there been no pumping d1l1'ing the latteT 7 years of the period, the 
decline would have been somewhat less, but the exact amount cannot 
be ascertained. . 

Net rise during the period 1965-1B.-The above-a,veTage rainfall 
from 1905 to 1918, which is best illustrated by the graph of accumu­
lated departure from 'Merage mlnfall for that.period (fig. 8), produced 
above-average quantities of runoff in the Santa Maria and Sisquoc 
Rivers. Oonsequently, storage increased dUTing this period because 
recharge fTom all somces exceeded natmal and aTtificial diRcharg'e. 
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The increase caused a net rise in water levels, which amounted to 
about 40 feet in well HE,3. On December 22, 1918, the water level 
in well 14E3 stood only 58,67 feet below the land surface-the highest 
onre,cord. It is reported that wat01; levels in othel' wells also reached 
their highest stages in this yeal'. -, 

The area of flowing wells at the west end of the plain extended 
farthest eastward in 1918' (pl. 5). Increased pnmpage and ground­
water' outflow together, howevel', apparently were insuffl-cient to 
prevent the natural increase in gl'ound-water storage an~the. accoJ;li­
panY1ng rise', of water levels. Consequently, along the eastern 

,boundary ofconnnement the water level· in 1918 stood oJ;llyabout 
15 feet below the surface of the Santa Maria plam, and ground~water 
overflow into the streams occurred.' The pits which had been con':' 
structed for the early pump installations (p: 84) were inundated by 
the rise of wl1ter levels, and .the pumps had tobe raised in those v\Tells 
not already abandoned. 'For example, it is reported that in 1916 01' ' 

1917 a pump near well 14E3 was covered by the rising ground water, 
It was necessary to send a cliver down to unbolt.the submerged pump' ' 
~nd to raise it above the water level in the pit. ' 

Net decline during the period j919-36.-':'The favorable period of in­
creased storag.ewhich reached a peak in 1918 was followed by all 18-
year period i~ which w,ater levels declined rapidly, and storage< 
reached its historic low in 1936. The general area-,vide conditiolls 

, are best shown by the water-level contoUrs for that year (pI: 5). , The 
water level in well 10/34-14E3 deClined from the highest recorded, ' 
level of 58,67 feet below land surface on December 22, 1918, to the 
lowest recorded level of 132.69 feet on October 18, 1936-a totalllet 

, decline of 74.02 feet, In the Sisquoc valley the water level in w~ll 
9/32-:7N2 declined from 52.7 feet behwl the land surface on May 11, 
1920, to the lowest of record of 99.7 feet in January 1935~a total 
decline of 47 f~et. In those wells which have shorter records (figs., 
3-6) the water levels all showed similar declines in the lat,ter 'part of, 
this period. ,,' 

The relatively rapid decline of water levels during the I8-year 
period caube directly attributed to two major caus~s. First, rainfall 
was considerably below average (fig. 8) and therefore recharg,e 'Was. 
small', (table 7). Second, the introduction of vegetable farming in, 
the early twe,nties greatl}T increased the ffithdrawals from storage by , ' 
pumping for irrigatibn (taqles 8 and 9). Thus, from 1919 to 1936 
natura,} discharge:plus the increasf,.cl artilicial ,dischal~gewere con- ' 
sidel'ably in excess of the below-average recharge. Consequently, ' a' 
steady depletion of storage occurred, accompanied by a lowering of , 
water levels throughout the area. In well 10j34-14E3 the rate of. 
decline n,veraged· over 4 feet per year. 
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The economic effects of the decline in water levels were wideElpread. 
In 1918, when there was a relatively large ru-ea of arte~ian ftow from 
wells, most wells at the west,end of the valley were equipped ffith 
centrifugal pnmps-: As the area of flow contracted offing to the de~ 

. crease in head, pnmpi;ng levels fell below the physical rea.eh of suction 
pipes, and deep-well turbine pumps had to be installed. In the 
intake area, where most wells were equipped ffith deep-well turbine 

. pumps, pumping levels locally fell below the bottom of suction pipes­
a condition which necessitated the lengthecing of most pump columns. 
A few wells were ultimately deepened to obtain a sufficient quantity 
of ·water. However; by far the greatest economic effect was the 
increased cost of pumping due to the area-wide increase in pumping 
lifts. 

In the area of confinement water levels were depressed considerably 
by 1936, but there was always a,favorabl'e seaward gradient and thus 
a move~entof ground water in that direction (pI. 6), The'hydro­
graph of well 10/35-7Fl (pl·. 6) also shows that the watei' levels near 
the coast (hiring this critical period were above sea leveL Therefore, 
even dVring this period of lowest water levels, there was sufficient 
fresh-water head to. prevent encroachment of sea water into the range 
of thickness penetrated by wells. However, there, theoret,ically was 
encroachment into the basin, at depth (p. 138). 

Net. rise during the period1937-44.~Following the 18-year period of ' 
b~low-average rainf,all,and theconsequent depletion of storage, water 
levels throughout the area rose from the historic low of 1936 to l'ela~ 
tively high elevations in)944 in response to a period of abov~-average 
rainfall ,and recharge .. The ,rise took place even though thBl'e was a 
steady increase of pumpage (tables 9 and 10), The water levef'in 
well 10/34;-14E3, rose from 132.69 feet below the land surface (lowest 
le'v:el 'of record) to 95.40 feet on March 12, .1944-a total net ~:ise of 
,37.29 feet. However, the water level 'in ,March 1944 w'as still 36.73 
feet below that of December 22, 1918, and' was about the same !leS the 
reportedleyel in 1903. Similarly, the water level in well 9/32-7N2 in, 
the Sisquoc valleyshow:ed a net rise of 49.5 .feet, hom 99,7 feet below 
the land surface in january 1935 to 50,2 feet at the end of 1940; 
slightly above theprevlous high level of 1920. The hydrographs of 
other wells (figs. 3-6) whoserecordsareconsiderabl:y shorter than those 
of wells 9/32-7N2 and 10!3,4-14E3 show, declines of wat~r levels to 

" about 1936 and a subs~quent r~s~'intb 1944.' Inmostof these weils 
the le"e18 in the years 1941-44 are the highest of record simply because 
their records do not extend back far enough to indicate the early 
con eli tio ns , ' 
: Plate 5 shows. water-level conto~s for the main water body during 

the. period of lowwater levels in 1936 and in the spring oJ 1942. The 
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net rise of ,vater levels is cle~rly indicated by the comparison of con­
tour lines in these two years. Furthel'more, the plate shows that the 
area cif flowing wells increased substantially from about 1 square mile 
in 1936 to more than 5 square miles in 1944 but was considerably less 
than the maximum area of flow in 1918. . 

Thus, the net rise in water l~vels during the period 1937-44 indicates ... 
an over-all net increase in storage in the intake area during this 
period. Storage beneath t4e SantaMaria plain may have been about' 
equal to that of 1903 or 1907 Cpl. 6) but was considerably below that 
of 1918; and in the Sisquoc valley, where pumpage is·small, the water 
levels indicate a net increase in storage about equal to the net. deple­
tion in the years 1920-36. 

The stage of Guadalupe Lake apparently has varied considerably 
. during the past 3 decades. It is reported that in 1918 the lake surface 
was relatively high, and that thereafter the level. fell progressively 
until the lake went completely dry in 1934-at no time before had 
the lake ever been known to be dry. From 1934 into 1937 the lake 
bottom was farmed, but in 1938, with the rise of water levels, the lake 
was reestablished. In 1942 it was observed that the elevation of the· . 
lake surface corresponded roughly to the elevation of water levels in 
l.evels in wells 10!35-26K1-10, situated on the lake shore, thus indi­
cating a hydraulic continuity with the main \,~ater body. Examina­
tion of old shore lines showed that the lake at some time had been 
about 5 to 10 feet above the level of 1942. Thus the reported stage 
of Guadalupe Lake has corresponded in general to the major fluctua­
tions of ground-water levels throughout tUe area. 

Significance oj long-term net changes.-Thus, it is believed that under 
natural conditions there has been a fairlY' delicate balance between. 
recharge and natural discharge. The' large fluctuations of water 
levels in the intake area, in the early years before any appreciable 
pump age, indicate this relationship. During years of high natural 
recharge there was an increase in ground-water storage, and during 

.. years of low recharge, storage decreased .. Pumpage in years priOl' to 
1920 probably was not large enough to affect appreciably the amount 
of water in storage at any time. However, after 1920 the rapid in~· 
crease in pumpage affected storage considerably. Ooupled with .and 
augmented by deficient' rainfall, the IDcreased discharge caused a 
progressive and large decrease of storage into 1936 .. In the period 
1936-44, one of above aven1ge rainfall, although dischargewas'not 
great enough to exceed the recharge, it was great enough to prevent 
the restoration of water levels to the peaks reached in 1918. . 

Thus, at least by 1936, and probably earlier, the dynanric balance 
established between natural recharge and total discharge was such 
that water levels ever sluce have fluctuated at levels considerably· 
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belovl those that would have prevailed under natural conditions. 
Oonsequently, it is believed that water levels will continuG to fluctuate 
in accord with protracted wet and dry periods, but that the amplitUde 
of the :fluctuations will be greatly modified by the pumpag.e at that 
time. With an expected increase in pumpage,during pi'otracted . 
periods of below-average recharge, water levels may-decline to or 

. even below the levels of 1936; and during periods of above-average 
recharge they will undoubtedly rise, but probably never again will 
they reach peaks such as the levels attained in 1918. 

Thus, the long-term net rises or declines of water levels within the 
intake area indicate net increases or decreases of ground-water storage, 
respectively. Because the amount of water-level' change is directly 
proportional to the corresponding change in storage, the actual 
a:r;nounts of storage change oan be determined when the specific yield 
of .the water-bearing deposits within the zone of water-table fluctua­
tions is known. This concept is developed in the following pages, 

NET CHANGES IN STORAGE IN THE MAIN WATER BODY: 

METHODS FOR ESTIMATING STORAGE CHANGES 

It has been shown in the preceding section that over periods of 
years net changes in water 'levels accompany ne't changes in ground­
water storage in the intake area. These changes in storage are con­
verted to actual quantitative estimates by two methods. During the 
years 1929-:-45, the quantities can be estimated for any period simply 
by taking the difference between total recharge and discharge for the 
period. However, because these totals themselves are inp.art .esti~ 
mated, it is desirable to derive estim.g,tes of net change by another 
method in order to verify the totals. The other method employed is 
the use of the specific yield of the deposits within the zohe of 'Iyater­
table fluctuations, applied to the net change i~ water levels. 

USE OF SPEOIFIO YIELD 

. ESTIM.A.TE OF Sl'lllOIFIC YIELD· 

The specific yield ofa rock or soil with respect to water is usually 
expressed as a percentage derived by dividing (1) the volume of water 

.. whicha rock or soil, after being saturated, will yield by gravity by (2) 
the volume of the rock or soil (Meinzer, 1923, p. 28). In the field, the 
specific yield is derived by dividing' the increase or decrease in stored 
water in a given area by the average rise or decline of the water 
table in the Same area. ' 

The method used for· estimating the specific yield of the water­
bearing deposits in the zone of water~table fluctuations in the Santa 
·Maria Valley area is. patterned after that used by Piper (Piper, 
Robinson, and Park, 1939, pp. 74-76) in the Harney Basin, Oregon, 
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and by Eckis (1934, p. 109, table 5) in' southern California., It is 
based on the relative volumes of gravel, sand, and clay that lie within 
the zone of water-table fluctuations, taken in conjunction with ad­
justed values of specific yield for each type of material as determined 
in other area,s. This method was selected primarily because of the 
wide lithologic variations that exist, between the different wateT­
bearing formations and within each formation itself, Ultimately, if 
desired, the estimates could be refined by extensive pumping and 
laboratory methods which, ,howeveT, are beyond the scope of this, 
investigation. 

The fonnations underlying the Santa Maria Valley area and in 
'Nhich the wate,r-level fluctuations have occmred pTimarily are: the 
coarse-grained lower membeTi1nd the lower part of the upper member 
of the alluvium beneath the Sisquoc plain and the intake area of the 
Santa Mal-ia plain; the Orcutt and Paso, Robles for~ations and locaily 
the Careaga sand beneath the upland areas, and the Telatively coarse 
grained tenace deposits along the north side of the Sisquoc valley, 
For these deposits there are seven terms commonly used by well 
driiiers to designate the various lithologic types of material ,encoun­
tered in well:drilling operations. These are: gravel, sand, silt, clay, ' 
gravel and sand, .. gravel and clay, and sand and clay. Well drillers 
questioned during the investigation all maintained that ,such terms as 
"gravel and sand" mean about half sand and half gravel; and the 
term is therefore evaluated accordingly. However, material describe,d 
as "gravel and clay" and "sand and clay'i are. bO,th considered as 
"clay" because it is believed that the pore spaces between the s,and, 
grains or pebbles are largely filled by clay, and hence the specific yield 
of these two'types of material would appi'O'ach that of clay. Because 
the term "silt" is commonly used to designate very fine, sand and 
clay, mat'erial thus designated is also classed as clay. '1'here£ore, the " 
seven types of material as distinguished by well driller's are in this 
report divided into three main classes: gravel, sand, and clay. , 

N a.tmally, there is a considerable range in the specific yield of the ," . 
gravel, sand, and clay, depending on grain size,degree of sorting, and: 

. the terniinology of the individual drilleT. Nevertheless, owing to the' 
large number of well logs which were analyzed it is believed that a 
mean value for specific yield can be applied satisfac.toi-ily. The values 
used £61' specific yield are; for gravel, 30 percent; for sand, 20 perc!?ut; 
and lor clay, 5 percent: These values are slightly lower for gravel 
and higher for clay than those used in the Harney Basin, because the 
term "gravel" as used by drillers usually contains some sand; and the 
term ((clay," some sand and silt. 

To obtain the relative volume of the three, types of material, 
250 well logs were carefully examined, and for each log the footage, 

J' 
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of gravel, sand, and clay in the zone of water-table fluctuations was 
deter~e4,\ - !:JWUlg to the "yide range in footage of . each' type of 
matenal from one part of the area to another and furthermore because . ' ) , 
the footage of each type varied, in general,' according to the areal 
dis.tribution of the: water.,bearing formations, it was found ad'visable 
to divide the' area into three subareas, each containing generally the 

,saine types of material. The three subareas are as follows: the 
Sisq~oc plain ,and the terrace to the north and that part of the Sf\,nta 
Maria plain from 0 to 10 miles west'of Fugler Point; that part of 
Santa Maria plain fr0!TI 10 to 13 miles west of FuglerPoint, or to 
the edge of the artesian area; funEl the Orc:utt upland; the southwestern 
part of the Nipomo upland, and the dissect,ed upland area south of 
the Sisquoc plain. Within each subarea the logs showed approxi-, 
mately the Same percentages of gravel, sand, and' clay. The per­
centages thus derived are believed to be l'epresentative of the total 
quantities' of the three principal classes of material distinguished in 
the zone of water-table fluctuations in each subarea. 

The following table shows the extent' 01, each subarea, the number 
of w:elliogs, the percent~ag(l volume of each class of material, and the 
calculated specific yield of the material in the zone' of water-table 
fluctuations. For' each su,barea the figure for specific yield of the 
material is"the s.u,m of the products of the specific yield of gravel, 
saLl~, and, clay tImes, the, percentage volume of each. The average 
specii?-c YIeld for the whole area is' weignted in p'roportion to the 
relative areal extent of each subarea. 

, Est,irnates of the specific yield. oj ~ater-bearing rnateTials, within the 'zoneof water-' 
, , table ftuctuahons m the Santa Maria Yalley area 

Num" Perc.ntag~, volume Specific 
Subarea Area ber of yield 

(acres) wen (per-
logs Gravel : Sand Olay cmt) 

-----'----
I. Si$quo~ plain, terrace, to , the 

north, and part of Banta 
Maria plain 0 to 10 wiles 
west of Fugler Point ____ c ___ 21,900 136 44 39 17 21. 8 

2, Patt of Santa Maria plain 10 to 
13 wiles west of Fugler Point- 9,600 65 23 41 36 15. 3 

3, Orcutt, Nipomo, and wilior up-
land areas _________________ 50; 900 80 30 21 49 15. 6 

Total for area ____________ 82, 400 281. ' Weighted average 17.2 

The specific yield differs considerably from one subarea to another. 
, It i,s l;M;h ~~len~~hf percentage of gravel is h~gh and that of clay is 

and VIce versa. In general, the weighted average specific yield Copy of document found at  www.NoNewWipTax.com
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for the area is relatively high because, in all subareas, the pEircentage 
volume of clay is less than 50 percent of the total. 

: APPLICATION TO. WATER-LEYEL CHANGES TO. o.BTAIN STo.RAGE CHANGES 

If water levels change lilliformly througho~t the intake area, the 
net changes in storage could be detei'~ed simply by multiplylllg the 
speciiic yield times the area in acres times the net change of water 
level in feet. For example, a n.et rise of 1 foot throughout the 80,000 
acres of the intake area would represent an increase in storage of about 
14,000 acre-feet. Hawever, it has been shawn that the water ta?le 
daes nat rise ar decline unifarmly. Hence, the figme far specific 
Jrield af 17.2 percent far the tatal area is_.nat strictly applicable. 
Oansequently, changes in starage have to be computed separately far 
each af the thl'ee subareas, then tataled. . 

In order to. abtain the -net change in water level, cantom maps 
spanning desired periads were drawn fram peak water levels in the 
spring manths of the 2 years being campared. One was ~hen super­
impased over the other, a grid of half-inoh squ.ares :ras laId aver the 
tiva, and the net change in water level deternuned ill each square -af' 
the grid. The figures in the squares in each subarea Were averaged 
separately to. Qbtam the average net change af water lev~l far each. 

'. Thus the average net chaDgein starage in acre-feet for the mtake area. 
. aver 'any desired periad of time for which sufficient water-level data, 

are available can be obtained by adding the praducts for each subarea .. 
af: the average net change of water level in feet, the arEla in acres, and 
the specific yield. . . . 

The fj.ccmacy af the resultsabtained by the use of t~s m.ethod IS 
dependent not only On the validity af the- .figur.es for speCl~c YIeld, .b.ut . 
also. an the detail of the. cantaUl' maps. Owmg to. the Inegulantles 
and eyer-changing shape of the water table, due primarily to p:-rmpage 
and reqharge, mLD::18raus nearly -simultaneo:-rs meaSUl'ements m wells .. 
are necessary to. obtain an accmate, detaIled contour m,ap. Even 
naw there are too. few w.ells in which, D}easUl'ements can be 
aralilld the margins af the main water bady to. contral the contoUl's. 
accUl'ately (pl. 5). In the past, and- far a particular tinle desired, ~:ven 
fewer meaSUTements were available. Oonsequently, the camputatro~s 
af storage change by use af the specific·yield method are samewhat ~n 
enar, pro. bably largely awing to this' cause. 

USE OF RECHARGE AND DISCHARGE 

The second method by which net changes in graund-water stora~e .. ' 
can be· estimated is by use of the estinlates af to~al recharge and dis­
charge which have been cOD;lputed for th~ years .1929-45 (tables 
and 12). The difference between recharge and dIscharge aver 
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desired periadaf time within theyears 1929-4.5, then,will give the net 
. change in storage .. Hawever, estimates af storage change derived by 
thismethad are subject to. considerable errar because a small percent­
age enar in estimating recharge will result in a very large percentage 
eITor in the amaunt of storage change camputed. 
. Far simplicity af treatment in the follawing sections, the recharge 
far any' ane water .year, such as 1930-31, is listed as recharge ill the 
second year indicated, in this case 1931. This is because the second 
year includes mast af the water year, and because mast af the recharge 
accUTS afterthEl beginning of the second year. 

ESTIlYIATES OF STORAGE CB:ANGES, 1929--,4,5 

Estimates af net change in ground-water storage by use of specific 
:;rield and recharge and dis'charge have been made for three periods: 
far 1929-86, to. shaw the net decrease in storage during t)J.e latter part 
of the dry period'';vhichbegan in 1919; for 1936"':'45, to shaw the net 
increase in starage in the CUl'rent wetperiad; aDd for 1929-45, which 
spans the entil'e periad far which estimates af recharge and discharge 
have beElll made. 

In arder to campare the net changes in storage determilled by use 
of the twa methods, both strictly shauld span identical periods. They­
do nat, but the difference between them is relatively small. In the 

.. camputations based an specific yield, contaUl' maps were drawn for 
the spring peaks of 1929, 1936, and 1945, and net changes in storage 
fal' .the three periods were computed between the spring peaks of the 

:' first and last years af each period (p. 11 9). On the ather hand, the 
use af the estinlates af total recharge and discharge ls.limited to .water . 

. and calendar years, respectively, and net' changes in' starage for the 
three periads are camputed by the differences of total recharge and 

• discharge aver ·an equal number of water years (ending September 30) 
. arid calendar years, respectively. 

. . FigUJ'e 9 shaws the time intervals that correspond to the three ele­
ments, net-change year, recharge year, and discharge year; and their 
chronalagic relatianship to each ather for the period 1929-36. As 

. •. shown, the time intervals are nat exactiycaincident, and hence the 
tatal net changes in starage computed are not strictly comparable. 

'. For example, the net water-level changes are' taken from the spring 
e" peaks af 1929 to. those of 1936, and. the change in storage computed 
'/.;from these by the specific yield methadare for that period. The net 
~>/chahge in' storage ~amputed fram total recharge. and discharge is 
': 'ac,tUf1fly for the aver-all periad January 1, 1929, through September 

30, 1936, and utilizes the difference between total discharge in the 
calendar years 1929-35 arid tatal recb.arg~ in the water years 1930-36. 

the net change in storage for tIle periad 1929-36 determined Copy of document found at  www.NoNewWipTax.com



122 GEOLOGY ,AND GROUNJ)-WATERJ SAt~TA lvIARIA VALLEY, CALIF. 

Net-chonge ye,ors-peaks used Insp'eci!lc yle'ld method 

~ II i ~ ~Hypotheticol hydrogroph , 
I 

I " ~~G~ i 
I A I 
I ,i\, lJ ~ 

! ' 
I ~ I Time intervols used in recharge-discharge method 

Rrharge,in, wot!"r years J 

DlsC("arge,in caleldor y~ors 

1929 1930 1931 1932 1933 1934 J\335 1936 

FIG1ffiE 9.-Diagram showing chronologie relationship of net-change, recharge, and discharge years for the 
period 1929-36. 

by use of total recharge and disyhal'ge incorporates the smail am01111t 
of discharge in 1929 prior to the spring peaks, and that part of the 
recharge in 1936 after the peaks had passed, neither of which is,' 
included in the -net change for the period as computed by use of 
specific yield.', ' . " . 

Accordingly, not only does the computation by recharge and cli~-. 
. charge differ somewhat within itself in regard to time interval, but: 
it also differs sliahtly from that spanlled in the specific yield method. 
ThereforEli in estimates for periods of oUly a year. or two considerable 
error may' be introduced; but for 10ngel; periods, such ,as those con~ 
sidered in table 13 ,_ the error is reduced to a minimum and is probably 
well 'within the limits of the errors involved in the estimates theIl:l~ .,' 
sclv~. . " , 

The same principles apply to the n~JJlaining two period$. The net, 
change in storage forthe period 1936-45 cc:rpputed by use of specific, 
:yield is best compared with the difference between totalrecharge for 
the water years 1937-'-45 and total discharge for the .calendar years. " 
1936-44; and similarly, for the period 1 929-45, it is best compared 
with the difference between total recharge for the water years 1930-45, 
and total discharge for the' calendar years 1929-44. 

Table 13 shows estimates of net change in ground-water storage for. .' 
the three periods 1929-36, 1936-45, and 1929'-45 as determined by," 
use of the specific yield method and by the use of the totals for re~, 
chal'ge and discharge; it also shows the difference between the results 
obtained by the two methods. '. 

: " 

.-;: 
.,", 

,".c.l 
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TABLE 13;-'-Estimates of recharge, discharge; and net citange in stomge in the, main 

wl1:ter body dunng the penods 1929oC.36, 1936-45, and 1929-45 

By use of spedfi~ Yieid method: 
Average net rise (+) or decline (,,--). of 

water levels, in feet: " 

'., , ~~~E:; t============~======~== Net increase (+) Qr decrease C""':) in. 

-16 
~20 
-12 

Period 

+30 
+25 
+10· 

storage, in acre-feet:. . '"'''''-,',''' , .. 
Subarea L __________ . ___ --- _____ "_. -76,.000. ,+143,000 
Subarea 2 ______________________ "_ -29, boo +37,000 
Subarea 3 _____________ · _______ ~ ___ -95, 000 +80,000' 

Total for area ________ , ___ . ______ ---~_ -,200,000 '+26.Q; 0.00 
By use of recharge and discharge method 

(tables 7 and 12): '. ". ." 

~g~~~ d~~~~!~;~,ifn a~~:~:~:!t_-_~==:=====,= -~~~, ggg .~~~, ~gg 
. Net mClease (+) or decrease (~) in' .. ' "', . , 

, storage, in acre-feet ___ 7 _________ ~ ___ ,-159, OciO,'+.<J64;30n 
Dlfference between methods, m acre-feet_ _ _ _ ' 41, 000' . 4; 360 

+14 
+5 
-2 

+67,000 
+8,OOb 

'-15,000 
+60,000 

1, 121, 500 
1, 016,200 

+ 105".300 
45, 300 

'" . 
The table shows that the results obtained by the two m~t1:lOdK;duf~ 

, by 2· to 25 percent of the" total quantities· involved in each period. 
However, discrepancies betweEln these results are believed to ,be 
r~asonab~e, considering the available data. Accordingly, the quanti~ 
tIes obtame.d by the two methods' are sufficientljT in agreement no't 
only to venfy the general order of magnitude of values derived but 
also to substantiate the methods used., ". ' 

PERENNIAL YIELD OF ,THE WATER-BEARING DEPOSITS 

The perennial :yield of the water-bearing deposits in a coastal area 
is. the rate at w~ch 'water can be ,p'umped from: weDs year after year 
WIthout decreasmg the storage to the point where ·the rate becomes 
eco:lo~cally infeasible, the rate becoIlles physically illipossible to 
mamtam, or the I'ate CaUses the landward migration of sea water into 
the deposits a~d thus rendi3rs the water chemically Ulliit for 'use. In 
,the Santa Mana Valley ar~a only the' first· condition 'Was approached 
and that ?nly lo~ally durmg the' mid-thirties, when pumping lifts 
were relatlvely hIgh. Fortunately there has been at all times an 

. appreciable sea~ard hydrau}ic g~B:dierit ,at the poast (pl. 6), and thus 
the danger of ~andwa;rd llllgratlOn of sea water has never become 
seribus. Sllnilar'ly, the second ccindition nasnot been approached 
because the wl1ter body-is so thick that under oonditions of excessive 
pUlllpage andlow iechargeth(~ first or tWd co'nditi6n would be rea,lized 
long befo.re the second. 'The yea~.ly pumpage in-recent yeal's has. been 

ea037()-51-, -9 
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large enough to exceed the perenni~l yiel1, an~ with, a~ expect.ed 
increase in ground-water dE\velop:tueht,(il;jld eErpecIally clu:p,;ng, a serIes 
of dry years,pumpage may far exceed the perennial Jrie~d ~ the future. 

In ternis of water available for pumpage, theperenmal 3'1.eld may be 
,expressecl ina different way .. Originally, undernat1iral c.onditions, and, 
without any pumpmg the long-,term recharge necessa;rily was equal 
to long-term discharge. However) for shorter ;periods of time re?har~e 
was greater or less tha,n discha~g~, ,dependiliK directly on clImatIc 
'conditions' and the differences, as, discussed on pages 111-117, caused, 
either an increase or decrease in ~to.rage __ :which,wasrefiected in a r:-et 
rise or'decline of water levels throughout the area (fig.'S). Even WIth 

: the subsequent development of Pllmpage, stonige changes continued 
,to be governed largely by climatic conditions, and hence, by recharge. 
Thus it follows that during periods of large recharge more water can 
be p~ped without decreasing storage, and during periods of low, 
:r~charge less water can be pumped without decreasing storage., ' 

Specifically, for' any, of these short periods the short-term YIeld IS 

't4e total recharge less the total natural discharge plus what~yer water 
there is in storage above the limiting factors for safe Wlth~r~~al. 
However if little or no water is available in storage above the llll1.1tmg 
amou:ri.t for the period, the short-term yield is mel'ely the d.iffere~ce 

'between average yearly recharge and average yearly na~ur.al dlScha~·ge. 
The long-term or perennial yield, on the other hand, IS mtermedlate 
between the short-term yields of periods of above-average and below­

'average recharge, but it is not dependent on the ayailabl.e water in ' 
,storage, 'whose fiuctuations affect only ,the short-term YIelds. For 
all practical purposes perennial yield is the difference betwe.~n long­
term ayerageyearlyrecharge and the average yearlynatural dIscharge. 

In the ensuing pages, these principles are applied to the Sa~ta 
,11aria Valley area, and quantitative estimates of, short-term :j7J.eld , 
are made for the period of below~ayerage recharge 1929-36" and for 
the period of above-average recharge, 1936-45. Also, an,es~lmat~ of 
the perennial yield is made. The estimates", are. based prmClpally on 
the estimates previously derived for recharge, discharge; and storage 
changes. (See tables 7, 12, and 13.) ,As discussed elsewhere (pp. 
121-123), the estiniates for recharge, discharge, and storage, changes 
are for periods that are slightly ou't 01 phase with each other, and they 
are treated accordingly. 

SHORT-TERM YxELD DD:RING TH8 PERIOD 192~~B 

The period 1929-36 ~as one of below-average recharge, when total 
discharge exceeded total recharge, and it marked the end of a long" 
period of storage depletion that began. in 19 ~~; ~though there was 
a progressive depletion of storage durmg thIs, perIod, the,s~ort-term 
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yield as di:l:fined' vms not aCtually exceeded because there had been a 
'large ,amount of water in storage at the peginning. However, the 
short-term yield was approximately reached near the end of the period, 
when, storage had beim depleted to the point where pumping for irri­
gation locally exceeded economic limits. At that time the yield was 
approximately the difference between yearly recharge and the natural 

"discharge by ground-water outflow to the sea. It probably would 
ha yebeen exceeded, all other factors remainip.g constant, had the 
pumping rate been continued long after 1936, and had recharge re-
mained low. ' 

These conditions can be expressed quantitatively as follows: The 
average yearly recharge for, the period was about 34,000 , aCl'e-feet 

'(p.83), and the ground-water outflow in 1936 was about 9,500 acre­
feet (table 11). Thus, at' the endoi the period the shor-t-term yield 
was the difference between thij two, or about 25,000 acre-feet a year, 
Howevel', during the period the total net pump age for irrigation plus 
the total pumpage for other use amo~nted to about 317,000 acre-feet 
(tables 9 and 10), or averaged about 45,000 acre-feet a year. ,This 
rate of pumpage was within the short-term yield because there was 
considerable excess water, in storage that was being drawn upon. 
However, if these conditions hs,d been maintained beyond 1936 the 
yield w01,lld have been exceeded by about 20,000 acre-feet per year, 

The total net depletion in storage during the period 1929.,..36 
amounted to between 159,000 and 200,000 acre-feet (table 13), or 
averaged about 26,000 acre-feet per year, The relatively uniform rate 
of decline of the water level in welll0/34-14E3(fig. ,5) throughout the 
I8-year period 1919-36 of below-average rainfall suggests that the rate' 
of decrease in stored water wail about constant. Accordingly, the rate 

, of storage depletion of about 26,000 acre-feet a year for the period 
1929-36 may be applicable uniforrnlyto the entire period. If so, the 
total depletion of storage from 19i9 into 1936 must have been roughly 
500,000 acre-feet. 

Obviously, had the avemge yearly recharge remained oilly 34,000 
, , aCJ;e-feet, then the, yield' of the deposits wouldhaye continued to be . 

" exceeded beyond 1936, water levels would have continued to decline, 
and ground-water outflow to decrease. illtimately, under such COlldi-

, ~ions pumpi1l.g lifts would have been extrem.ely high and perhaps in 
most of the are8; economically infeasible; landward' encroachment of 
sea water into the' water-bearing deposits eventually would h~ve 
occurred. Furt.ltermor'e,a large part of the highly productive lower 
member of the alluvium would havebeenunwatered, and wells would 
haye been drawing from the less permeable Paso Roble!3 formation­
.a , conditio:p. which probably would have in:cte'as~d considembly the 
pumping lif~sland heilcte the operational costs. ',;" 
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Quite possibly the average yearly recharge of 34,0.00 acre-feet, is ' 
representative of periods of below-average rainfall. ',Ii so, the shQrt- , 
term yield of about 25,000 acre-feet a year is on the order of magnitude 
tobe expected near the end of future similar periods of below.,ayerage 
recharge. With present withdrawals approaching 65,000 -acre,feet a 
year and total discharge approaching' 80,000a,cre-feet a year, it is 
obvious that during future dry periods storage, will be depleted at a, 
,rate greater than that which took place in the years 1929-36,' 

, " 

SHORT-TERM YIELD' DUllI~'W TroiJ PERIOD 1936-45 .... ,. 

Fortunately, the periods of below-average recharge have been com~ 
:pensated for by complementary periods of above-average recharge, 
such as that for 1936-45. ' Total recharge during this period was far' 
greater than total discharge. Consequently, there was a cons~derable 
net increase in storage and the short.,term yield for the perlOd was 
never approached. 

These conditiol1s are e:zcrpressed quantitatively in much the same 
manner as for the period 1929-36, as follows: The average yearly 
recharge for the period was about 98,000 acre-feet (p. 83), and the, 
average yearly groUlld-water outflow was about 11,000 acre-feet, 

'(table 11). Thus, the short-term yield was the difference between 
the two, or about 87,000 acre-feet a year. During the period the total 
net pumpage for irrigation plus, the, total pump age for, other, use 
amounted to about 521,000 acre-feet (tables 9 and 10), or a-yeraged 
al)out 58,000 acre-feet a year. Thus, pumpage averaged about 29,000 
acre-feet a year less than the short-term yield. ' ,',,' 

The total net increase in storage for the period 1936-45 amouilted 
to between 260 000 and 264,000 acre-feet (table 13), or averaged about 
29,000 acre-feet a year. Thus, in conti'ast to the 'preceding pe:iod, 
storage ulcl'eased considerably, and water levels rose accordll1g1y, 
thrQughoutthe area (figs,3-6). In fact, the storage w~s enabled to 
reo'ain about one-half of the estimated oyer-all depletlOn of about 

b . ' 
500,000 acre-feet incurred dming the period, 1919-36.' " ," , , 

The lillusually large ~'echargein 1941,which was about 230,000 
acre-feet, was near})r double the quantity supplied in most wet yearEl: 
(table 7). Consequently, the short-ten~ yield of about 87,,000 a~re, 
feet a year for thE) relatively short period'1936-45 is probably gre,ater 
than that for other longer wet periods such as 1905-18 (see fig;, 8) ,: 
and probably is aboye the genel'alavE)ragethat might'beexpected ill 
future wet periods. The a-verage yearly recharge for the' years 1937-, 
45 exclusive'of that for 1941 was about '82,000 acre~feet' a year,: , , ' . . -' .. ,-" 

Thus, by subtracting the averagE) yearly ground-waterout~ow:ot,: 
11,000 acre-feet a year, it is believed that the short.;.tennY18ldfor, 
average wet periods would beon the order of 70,OOOacre-feet,ayear. 
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ESTIM:ATE OF PERENNIAL YIELD 'DNDEENATD:RAL CO}''DXTIONS 
, . , .', '" 

Obviously, the perennial or long-term yield of the water-bearing' 
deposits in the Santa Maria Valleyarea is a quantity greater than the 
short-term yields during periods of below-average recharge" but less 
than, the short-term yields for periods of above-average recharge. To 

, obtain the' maximum perennial yield, it is desirable to reduce to a, 
rriinimum the natural discharge by ground-water outflow, but not to 
th~ poult wher~ either the water le'Vels are below practical limits, or 
the danger of salt-water encroachment becomes imminent. On the 
other hand, it is undesirable to permit storage to increase to the point 
where losses by ground-water overflow and· evapotranspiration occur 
as they did around 1918. In addition, it is desirable to stop theloss 
by flow from wells. 

The perennial yield is e'stimatecl by equating'certain of the quan­
tities derived in pre'ceding sections of this, report based on the some~ 
what above-average period 1929-45. The estimates obtained are 
then"modified on the basis of rainfall ,to the long term. Two inde­
pendent methods' are used commonly for estimating perennial yield 
which can be applied to the Santa Maria Valley area for this period, 
(l;S follows: Perennial yield is equal to the total recharge (table 7) 

'less the total natural discharge by ground-watei' outflow (p~ 96) 
divided ~y ,the number of years of inventory;, arid it is equal to the 
total net pumping draft (tables 9 and 10j. plus the net increase in' 
storage (determined by specific yield method, table 13) divided by 
the number of years of inventory. These may be expressed in equa-: 
tions, respectively, as follo'o/s:' 

P . 1 . Id 1,121,500-180,000 erennla ,ne = ,58,800 
J> , ,,16 (1) 

p " I' Id 743;000+95,200+60,000 ,erenma JIe = ' 56,100, (2) 
, 16 

Because these two quantities agree very closely, the perennial yield" 
based on the relatively short period 1929-45, is considered to be the, 
tJ,verage of the, two, of'is estimated to be about 57,000 acre-feet a 

'year. 
Ho:wever', because rainfall during tile period 1930-45 compared to, 

that·of the long term is above average, this estimate of l)erennial yield 
is modified accordingly.: The basis for the modification r.ests solely 
upon the rough conelationthat. exists ,between rainfall and recharge, 
and hence perennial ,yield. At SantaMaria ,the average rainfall for 
the 16-year peTiod 1930~45 was 15.42 inche's, ,whereas for the 60-year 
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period 1886-1945 it was 14.40 inches (table 1); that is, the long-term 
average rainfall was about 93 percent of that for the shorter period. 
Although it is almost a certainty that the pererrnial yield during. the 
60-yearperiod was not also exactly 93 percent of that for the shorter 
period, nevertheless, in the absence of other data this percentage is 
used. The estimated pererrnial'jield of about 57,000 acre-feet a year 
for the period 1929-45, then, is g,djusted to the long term by multi" 
plying by 93 percent. Thus, under natural conditions the perennial 
yield of the water-bearing deposits in the Santa Maria Valley area is 
estimated to be about 53,000 acre-feet a year. 

The -validity of this figure is dependent on two critical -factors, 
First, the adjusted value applies specifically to the 60-yefl,r period, 
1886....:.1945; and for it to apply in the future it must be assumed that 

- the future climatic cycles; or periods of above-average and below­
ayerage rainfall and, hence, recharge, will continue to operate in the. 
same manner and will be on the same order of magnitude as they have· 
in the past .. With regard to ,the expectable future recharge, there 
eventually may be some reduction due to th~ development of in'igation 
with ground water in the Cuyama Valley· (pI. 4). WithdJ'awals, 
which stal'ted in 1939, have increased to about 17,000 acre-feet in, 
1946, and probably will continue to increase. Because in the Cuyama' 
Valley recharge to ground-water bodies by seepage loss from the Cuy­
ama River is limited by the rate of -vertical downward percolation to, 
the deep-lying water table, it is' believed that the relatively small 
amount of runoff which ordinarily passes the area of withdrawals 
will not be reduced appreciably. Rowenr, it is believed that .in­
creased pumpage may reduce substantially the natural ground-water 
discharge into the Cuyama River below 'the area of withdrawals. 
The amount so discharged at present is estimated to be 'about 5 
second-feet, If it is assumed that because of evapotranspiration 
losses and diversions only 50 percent of tills flow reaches the Santa' 
Maria Valley area, and further that increased pumpage in the Ouyama 
Valley will eventually cause the flow to stop, entirely, then the future. 
recharge, and hence the perennial yield of the Santa Maria Valley 
area would be reduced by about 2,000 acre-feet a year. A more 
accurate estimate' of this loss can be made only when more low-flow" 
measure:Q.lents are available below the are'a, of ground-water discharge.' 

Second, the yield derived was based on a minimum practiooble 
average ground-water outflow of 11,000 acre-feet a year. To salvage 
much more outflow would necessitate a lowering of water levels and; '. 
hence, costly pumping lifts. It is believed that the range of ~vater: 
levels between 1929 and 1945 is probably the most efficient from the, 
standpoint ,of both maximum salvage and nominal pumping lifts. 
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" Withl'espect to the current net pumpage of a;bout65,o.QO acre-feet' 
a Jeal' (tables 9. and 10),it,..is' s;pparent that the, peremlial yield ,is 
being ,exceeded by about 12,000. acre-feet, which in years of average 
recharge would result in a yearly average net decline of water levels' 
amounting to slightly less than 1 foot (p. 120.). Rowever,because 
there was in 1945 about 260;000 acre-feet in storage above the esti-

,mated minimuIr). levels, the yearly depletion of 12,000 acre-feet can 
be tolerated for a limited time. Obviously, if this yearly overdraft 
is continued 01' should be increfl,sed with no additional supply of water,' 
th~:result w;ill be ,a: depletion ofstorage and a decline of water levels 
to stages far below those of 1936. 

Two measures should be considered iI)1mediately to conserve gl'ound, 
water; Reduce or stop entirely the flow· from wells when not in use 
'because with adequate' control the current discharge could be reduced 
by over 1,0.00 acre-fee't a year (p. 91); and adopt more efficient methods 

"of irrigation, For example, decTease to a minimum the unduly large 
quantities of "tail waste,"spac:eirrigatlonperiods.at the maximum 
practicable intervals, and elinllnate wherev;er possible the long open­
,{!itch conveyance of irrigation watel' from pumps to the land being 
irrigated. If these measures were adopted it mrg4t be possible to 
keep the pumpage yvithin the limits of the pererrnial yield, or at about 
,53,000 acre-feet per year and, at the same timf?, maintain the present 

'agricultural development. . , 

ESTDiATE OF INCREASED PERENNllL YIELD BY SALVAGE OF SURFACE-
, WATER OUTFLOW 

A program for a more efficient utilization of the surface-water' 
resources ~f the Santa Maria River drainage system has be'en largely 
,outlined by the Bureau of Reclamation, United States Department 
'of the Interior. 17 In general, this program involves the construction 
,of two dams for sUrface-water storage or detention. One of the sites 
is on the Cuyamlt River about Ei, miles· above the mouth-a location 
Imown locally as the Vaquero Dam site. In conjunction with this 
structure, a silt-debris dam is to be constructed upstream. The other 
dam contemplated is on the Sisquoc River about 10 miles above its 
,confluence ,vith the Cuyama River, at a location known locally as. 
the Round Corral Dam site. ' 

One of the fundamental purposes of tills program is to salvage each 
year a sub~tantial part of the surface-water outflow which is ,vast~d 
to the sea, and so to' provide a means of increasing ground-water 

During the 16-yea1' period 1930-45 this loss was estimated ----
17 Water requirement, water supply and fiood control, Santa ,Marja Basin comprehensive plan, SauCa 

Barbara Oounty project, Oalilornia; U; S. Bur. Reclamation Rapt., appendix 8, 67' pp., March, ,946. 
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to total about 566,000 acre-fee.t, or to Merage about 35,000 acre~feet 
a year-;-about 40 percent of the total ru:o.off (table 5). The reason for 
the waste is that most runoff occurs during storms and at rates, too 
large for complete absorption through the channel deposits and, hence, 
transference to the main water body .. Thus, as in many ground-water, 
basins under natural conditions, the available sUTface-water resources 
have not been utilized fully ill replenishing ground-water supply.' 
lio'wever, if the winter flow can be largely-detained and released over 
a longer period of time; much of the, waste could be salvag~d as , 
additional recharge. Thus] ,by increasing the recharge; and hence the " 
pere~nial yield of the basin, the program would be of considerable 
importance to future ground-water development ill the area:' ' 

Under the program, two features are critical with respect to the 
amount of increase of perennial yield from salvage of surface~water 
o1ftflow,as follows: , 

1. Because water levels indicate' that ,at present there is ample 
room between the land surface, and the water table beneath the 
Sisquoc and Santa Maria River channels and adjacent areas to accom­
modate a large inCTease mstorage,the rate at whlch water coUld be .. ' 
transfened from surface reservoirs to the main water body would be 
dependent solely upon the absorptive capacity of the channel deposits, 
Existing data show that the channels are dry or nearly so tbJ:oughout 
more than half of each year, are quite permeable (table 2), an<;l 
therefore provide excellent natural spreading grounds for the trans-,' 
ference of water stored in reservoirs, ' 

2. The perennial yield could be increasedby about the amount of 
surface-water outflow salvaged by the reservoirs, less evapotranspira­
tion losses mcuned from spread{ng operatioj):s and from the rElSerioirs 
themselves, and less any loss incurred iI, om development ffithe 
Ouyama Valley (p. 128). . , 

Under one plan presented by the Bureau of Reclamation,18 Toughly 
50 percent of' the average yearly surface"water outflow could ,be, 
salvaged. Assuming the long-term average searly outfloW' to be 93-
percent of the 35,000 acre-feet a year estimated for the period 1930--45 

. (p: 128), it would amount to 33]000 acre-feet a year. lithe per'en~llal . 
yield were to be increased by about one~half that amount, or by aboli.t 
16,000 acre-feet a year (neglecting evapotranspiration loss~s),; the. 
estimated pereni1ial :yield of. 53,000 acre-feet a year under natural 
conditions woUld be incre.ased to about 65,000 to 70,000 acre~feet' 
under this pa1'ticulal' plan. . . . .. 

, ' 

"U, S, Bureau of Reclamation, op, cit., table,s 5A and 5P, 1946, ' 
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, . The net pumpage iii 1944 was aboU:t 65,000' acre-feet a year. Even 
if the ground-water G,onserya,tioumeasures suggeste.d on page 129 were 
to be adopted, the current draft would approach the perennial yield 
as m.creased Ul1der thiscparticular plan of.the Bureau of Reclamation. 
Th~reforelthis plan would correct the present deficiency, but it would 
not provide much if any margin for futUl'e devel(}pment. On the 

. ,other hand, the steady increase in pumpage dming the 4 years 1941 
to 1944 strongly suggests that further development will ocmir .,9 A 
sustail1ed rate of pump age materially greater th.an, the 1944 rate 
would have to be supplied by anjuc;rease jn salvage ofsmface waters 
because, nearby'sources of water for importation are not available. 
Thus] it would appear desirable to plan now .to salvage the largest 

. amount of surface-water , outflow that is economically practicable] and 
'so. to increase the yield i1CcordingJ.y; also, to limit ground-water devel­
opment so as not to, exceed the increased yield. Such a 'program, if 
accomplished, not only would prQvic1e for the maximum utilization 

'. ·of the watflr resources of the Santa M!1ria Valley area] but also would 
,prevent a sel'iolls overdevelopment thatw0uld be'detrimental to the 
economy of the entire v'~lley area. . , 

CHEMICAL QUALITY OF WATER 

GENERAL' FEATURES 

. In 1941 and 1942, in connection with the field canvass of wells, the 
Geological Survey collected 152 samples of water from 116' wells for 
chemical· analysis. Of ,these, 7 were analyzed for all constituents 

,1J,1ld the l'emaindel' were analyzed only for chloride and hardness in 
parts per million and forspecmc electrical conductance inreCiprocaf 
.,ohmsX105 (KX105 at 77° F.),} which is a measure of the total dis­
solved solids. In addition) tWQcomplete analyses w~re obtained of 
Tiver water during low-flow cqI).ditions~one}rom.the Cuyama'Rivel' 
.at its mouth and one from .the. Sisquoc River above its 90nfluence 
with La Brea ereek. Numerous, other agencies have made available 
101' study over 350 analyses, mostly from water wells but in part from 
streams, lakes, and ponds .. Records of repl'esentati've partial analyses 

. are .included in ·table 14; and records of selected "complete'! analyses 
'[j,re shown in .table 15 .. The locations of all wells are shown on plate 
.,1 and of all streams outside the area,on plate '4. 

, 10 Since the completionof this report, estimated )let pump.ge for the 5 ye.rs1945 to 1949 has been 75,000, 
, :85,QOO, 100,000, gO,OOO,and 100,000 acre-feet, respectively. ' 

, 
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TABLE 14.-Selected 'partial chemical analys~8 oj' well waters in thf7 Santa, J.11aria 
. IT alley' area 

[Analyses by A. A: Garrett, 'G~cilD~cai Survey) 

Obloride Soap bard· 
(Cl),' ness. as 

Well Date parts OaO 0" 
per parts per 

million million 

9/32-7NL ___ JuDe 2,1942 ________________ _ 
16LL ________ do _____________________ _ 
17Gl ____ ~ ____ do _____ " ___ ~_ " _________ _ 
18Al ________ .do _______ ~ _____________ _ 

9/33-1L1 _________ do ____________ ~ ________ _ 
2Al ______ ~ __ do _______________ ' ______ _ 
5BL ___ July I, 1946 __________ ~ _____ _ 
6Cl _________ do _____________________ _ 

'8Ii:1 _________ do _______ c _____ " _______ _ 
15DL ________ do _________________ ~ ___ _ 

9/34-2ML __ Apr. I, 1942 ________________ _ 
3N3 ____ Apr. 15, 1942 ____ " ___ ~ ______ _ 
4ML __ Apr. I, 1942 _______________ c _ 
6K1 ______ ' ___ do _____ " _______________ _ 
8H3 _________ do __ ~ _____ ~ _____ ~ ______ _ 

15B1 ____ _____ do __ " __________________ _ 

24 
23 
26 
28 

33 
22 
21 
36 
29 
51 

46 
51 
74 
95 

122 
54 

10/33-7RL __ JUDe 2, 1942 ____ c __ ----~----_ 35 
18HL ______ dQ _________ ------------- 67 
19EL _______ do ___________________ ~__ 55 
20LL _______ do ___________ ~ _____ ----- 47 
27Gl ___ Oct. 1, 194L ____ -c-~----.---- 75 

28JL ___ JUDe 2, 1942~_c ___ c _________ c 57 
33HL __ July l,1946 __ · __ 7 __ c_________ 28' 
34NL _______ do ____________ ---------- 34 
35RL ___ ~ ___ do ____ c ___________ ..:~ ____ · 26 
36QL~ ______ do-----------,----------- 28 

10/34-2PL_~ JUDe 2, 1942 ______ , _____ ~_____ 40 
4PL _ _ JUlre 9, 1942__ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 44 
6K1 ________ do______________________ 50 
8E3 ________ do ____ ~_________________ 56 

lOEL ___ ~ __ cdci~_____________________ 3,7 

12LL __ JUDe 2,1942 ________________ _ 
13Pl ________ do _____________ ", __ ' _____ _ 
16F1. __ JUDe 9,1942 _____ :. __________ _ 
18DL _______ do __________ - __________ _ 
22Ll ________ do~ ... ___________________ _ 

24LL __ ' JUDe 2,1942 ____ · ____________ _ 
26AL~_ JUDe 9,1942 __ 7 --------------29DL __ Apr. 1,1942 ___ = __ ':: _________ _ 
32F1_" ______ do ___ ~ _________________ _ 
33HL_ ~ ____ do _______ ~ ___________ , __ _ 
34JL _______ do" _____________ ~~ _____ _ 

31 
56 
79 

103 
65 

65 
71 
37 
49 
37 
37 

590 107 
575 102 
575 102 
550 106 

615 101. 8 
525 97. 7 
515 94. 8 
490 92. 9 
425 89.4 
450 92. 6 

100 
100 

90 
130 
125 
365 

600 
590 
825 
600 
700 

725 
500 
525 
465 

. 500 

590 
625 
550 
725 
500 

540 
840 

1,'125 
775 
850 

890 
775 
415 
150 
350 
350 

32.7 
36. 2 
39. 9 
52.9 
57. 3 
93. 1 

107 
122 
155 
129 
171 

152 
95.9 

100 
99. 3 

102 

108 
120 
115 
lS8 
109 

100 
148 
192 
167 
166 

167 
I 154 

,95. 5 
,47.0 
84. 1 
84.3 
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TA.BLE H.-Selected pai·tial chemical 'analyses of well waters in the Santa Maria 
Valley area-CoDtiuued . 

[Analyses by A.. A. Garrett! Geological Survey) 

Obloride Soap bard· Specific " 

(01), ness, a.s' conduct· Tem-
Well Date parts CaOO" auce KxlO' pera· 

per parts per at 250 O. t)1re, 0 F. 
million million 

10/35-lNL __ JUDe 9, 1942 ______ c ____ ~ _____ 72 575 126 61 
, , 401. __ June 1, 1942 __ ~ _______ -·------ 58 650 137 61 

7EL __ Oct. 1, 
1941 ___________ ~ _____ 54 550 120 63 

9F1. __ JUDe I, 
1942 _________________ 

159 825. 182 62 
11JL __ June 9,1942 _________________ 127 750 163 62 

12GLc _ _____ do ______ ~ _____ ~ _________ 71 750 151 62 
15DL __ Juue 8, 1942 _________________ 68 600 135 64 
17NL __ _____ do __________ ~ ________ ~~_ 101 575 115 64 
18FL __ ______ do _____________________ 

91 750 143 63 
21BL __ June 16, .1942 ________ ~ _______ 86 600 133 63 

23PL __ July 1, 1946 _________ ~ _______ 52 320 80.6 ------
24B2 ___ JUDe 22, 1942_~ __________ ~ ___ 67 600 131 6,4 

10/36-12P1._ July 1, 1946 ___ ~ _______ c _____ 44 440 99.5 ... - --.".-

1l/34-19RL _ 
_____ do _________________ ~ ____ 

63 150 54.9 ------
29P2 __ Apr. 15, 1942" _______________ 70 515 117 64 

~ 

11/35-19$1._ Aug; 27, 1942 ________________ 
48 315 136· 63 

22C2 __ July 1, 1946 _________ ~ _______ 46 ,,550 120 ------
25PL" Aug. 27, 

1942 _______________ ~ 
50 400 101 61 

27HL_ June I, 
1942~ ________________ 41 315 77.3 62 

28ML -June 29, 
1942 ________________ 

36 600 124 62 

33FL_ Oct. 1, 1941 ____________ ~---- 47 525 118 60 
35A2 __ ' June 16, 1942 ________ ~ _____ -- 33 465 106 .60 

llj36-13RL Aug. 27, 1942 ____ " _____ ~_~ ___ 46 490 119 -- ......... -
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TABLE IS.-Selected chemical analyses of well and stream waie,'s of the Santa lda'ria Valley area 

Source Date·of ·col­
laction . 
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@ 
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z 
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2jCJ 
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:z: 
tJ 9/32-2Al 

9/33-6Bl 

9/34-3N3 

0/33-,21F2 

35Rl 
lO/34-5PI 

12Bl 

27R3 

10/35-3Nl 

7F1 

Santa Maria Realty 00. Drilled irrigation well 168 
feet deep. Sample taken by U. S. Geological 
Survey; analysis byM. D. Foster wd L. W. 
Miller, U·. 8: Geological Survey (No. 26052) ______ _ 

Bradley Land 00. Drilled domestic well 301 feet deep __________ c _______________________ : _________ _ 

Oity of Santa Maria, ·we1l3. Drilled publicsupply 
well 226 feet deep. Sample taken by U. S. Geo-
logical Survey; walysis by G. J. Petretic, U. S. 
Geological Survey (No. 27407) ___________________ _ 

M. r. Santos, Drilled' irrigation well 361 .feet 
deep-now abandoned __ : _______________________ _ 

Oct. 22,1941 

Oct_ 13,1927 

Apr. 15, 1942 

62 62S 

774. 

234 

·Oct. 11'19271------11' 186 
Oct. 20,1927 ______ 1,.170 . A. F. Fugler. DriIled irrigation well 275·feet deep_c' 

La Brea Securities 00. Drilled irrigation well 172 
991 feet deep-------------------------.---------~-----l. Oct. 24, 1927 

Oounty of Santa Barbara:' Drilled public-supply. • . 
well 193 feet deep_ ~ _______ ~ _________________ .____ Nov. 3, 1927 1..· ____ 11, 092 

York Oil 00. Drilled industrial and domestic well 
268 feet deep: Sample taken byU. S. Geological· 
Survey; analysis by G .J. Petretic, U. S. Geo-
logical Survey (No. 27417) ___________ .-----------

Bank of America. Drilled irrigation well 239 feet 
deep _______ ecce ______________________ ~ _____ • ____ _ 

M. J. Ellis. Drilled irrigation well 249 feet deep .. 
. Sample taken by U. S. Ceologic Snrvey; analysis 
by M. D. Foster and L. W. Miller;U. S. Geologic: 
Survey (No. 25556) ______________________________ _ 

Apr. 15,1942 64 11,019 

Oct. 10,1.927 1 ____ .--11, 264 

28 

40 

3 
8 

10 

7 

30 

10 

32 

0.02. 80 

93 

.09 I 19 

146 
139 

117 

141 

.. 31 1· 138 

156 

10/35-7P1,2 

24B2 

Union Sugar Co. Drilled irrigation wells 235 and 
206 feet deep connected to smgle pump~ ___ , _____ _ 

A. N. Silva. Drilled irrigation well.296 feet deep: 

OcL 17,1941 

Oct. 1~, i927 

631 896 

882 

.02 I 126 

113 

1/34-29P2 

-I35-18Ml 

28Ql 

9{31-19R 

9!32-13P 

17A, 

24E 

l/33-Z6B 

l!35-4E 

Sample." taken by U. S. Geological Survey;· 
analYSis by M: D. Foster and L. 'Y. Miller, U. S.: 
GeologiCal-Survey (No. 26557) _________ 0' ________ _ OCl. 17,1941 63 11,140 26 .021 154 

: .AJfred··Guerra,:- Drilled. irrigation well 201 feet deep. 
Sample . taken 'by U. S.· Geological Survey; 
analysis by G. J.: Petretic, U_ S. GeologiCal Sur-
vey (No. 27414)-~------ _____ , ____________________ f Apr. 15,1942 

· Ud~~~,S~!.~~_~_O_. __ ~~~!~~-~~~;~~i~-~~~I--2-0-~~~~:-1 Oet. 19; 1927 1--~---11, 136 
E.' and G_ LeRoy. Dnlled lrngation, domestIc, 

aud stock well 373 feet deep.' Sample taken by 

64 853 38' 1.1 

10 

:0-. S. Geological Survey; analysis by G. J. 
Petretic, U. S. Geol.o~icalSurvey (No. 27416) ____ 1 Apr. 15,1942 61 958 30 1.0 SiSQUOC. River, at upper gaging station. Sample 
taken'by U. S. Bureau of Reclamation (No. 46): 
analysis by National Bureau of Standards, San 
FranCisco Laboratory ___ ~_: __________ ~ ___________ 1 June 3,1943 1 ______ 1 770 , ______ , _____ _ 

La Brea Creek, above junction with Sisquoc River. 
· SaD;lple taken by U. S. Bweau of Reclamation 

(-No. 13);.analysis by Natiol1al Bureau of Stand-
ards, San Francisco Laboratory _______ e __________ 1 Feb. 18,1943 1 ______ 11, 000 , ______ , _____ _ 

. Sisquoc River, near 10w~r gaging station. Sample . 
· ,taken b:;r.U. S: Bureau of Reclamation (No. 26); 

analysis by National Bureau of Standards, San 
· Francisco Laboratory _____ ~ ______________________ 1 Mar. 5,1943 

, Sisquoc' -R-iver, above. junction with ~a Brea 
Oreek. Discharge estimated 30 cubic feet per 
second .. SaD;lPle taken by U. S. Geological. 
Survey; analysis by G. J. Petretic, U. S. Geologi-' 
cal SUrvey (No. 27409) ___ : _______________________ 1 Apr. 15,1942 

OUyama River, above.' conliuence. with SiSQUOC 
River. Discharge estimated 10 cubic feet per 
second_ Sample taken by U. S: Geological 

· Survey; analYSis by M. D. Foster and L. W. 
Miller, U,. S. Geological.Bll1'vey (No. 26605) ______ 1 Oct. 22, 1941 

OUyama River, above Alamo Oreek; about 10 
· miles northeast of Santa Maria. Sample' taken 

by U. S. Bureau of Reclamation (No. 27); analy-

420 , ______ 1 ______ ,· 

57 473 16 1.0 

62 11,275 .21 o 

s~s by. National Bureau of Standards, San Fran-
.. ClSCO Laboratory _____________________ , ______ , _____ 1 Mar. 5,1943 .1------13, 200, ______ , _____ _ 
,San~a Marii> River, at Guadalupe. Sample taken . 

by U. S _ Bure"u of RecIam!'tlon (No. 19); analy-
sis by National Bureau of Standards, San Fran-
cisco Laboratory __ c ____ e __________ , ______________ 1 Feb. 18,1943 1 ______ 11,.600 , _____ .,.- ___ _ 

Huasna River, above iunctl.on with Ouyama' 
River, about 8 miles nOrtheast of Santa Milda. 
Sample taken by U. S. 'Bureau of Reclamation 
(No. '18); analysis· by National Bureau of Stand-
ards" San Francisco Labontory -~---·---------- ___ I-----do- ______ 1--- ___ I. 480 , ______ • _____ _ 

.Alamo Oreek, above junction with OUy"ma River, 
about 9 miles northea..st of Santa Maria. Sample 
taken by U. S. Bureau of Reclamation (N'o .. 17); 
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140 

87 

100 

58 
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76 

45 

46 

67 
80 

57 

55 

69 

67 
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68 

71 
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3.5 

77 
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87 

24 

49 

54 

35 
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79 

81 

3.7 

2.2 I 0 

o 
a 

96 1 _____ .1 0 

61 I 9.6 

115 , _____ _ 

69 

68 
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65 
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The analyses show a considerable range ill the chemical quality of 
the main water oody from one part of the area to another. However, 

. the range in quality appears to bear little relation to range in depth of 
the wells.,---a fact which indicates that the water throughout the tapped 
limits of the main water body is at liberty to mix freely. It is believed, 
therefore, that the range in quality is due primarily to differences in 
the SOUTces of water and to its subsequent alteration as it circulates 
underground and mingles with ;vater from other SOUTces. Accordingly) 
the quality of water in general is briefiy discussed as it appears in the 
Sisquoc valley where the principal SOUTce is the Sisquoc River, in the 
Santa Maria plain where the principal SOUTce is the Santa Maria Rivet, 
and in the Orcutt and Nipomo uplan4swere the SOUTce is rain. In ad­
dition, the change in qu~lity from place to place io:; also discussed. 
Ohloride contents of waters from wells near the coast are examined 
\'iqth'specific references to the fresh water-salt water contact. 

In the Sisquoc valley, the total solids content of the ground water 
is somewhat less than that of the upper range of concentration of the 
wat,er in the Sisquoc River, based on three analyses of river water 
sampled in 1942 and in 194B ' In the three samples analyzed, the total 
solids contentranged from 420 to 770 parts; that of the ground waters 
a,djacent to the riYer ranged .about from 610 to 640 parts) computed 
from electrical conductivity ... The river and ground waters range in 
chloride content from 9 to 23 parts and 23 to 28 parts) respectively.· 
The ground water is definitely higher in hardness ~han the river water, 
ranging from 400 to 750 parts. . 

'Welll0!33-35R1, also in the Sisquoc valley, yields water sirnilar to 
the water in the Ouyama River. Both these are calcium, sodiuI:(l 
sulfate waters in which the total solids contents are over 1,100 parts per 
million. Of the two, the river water.is somewhat more concentrated. 
The similarity indicates that waters percolating from the Cuyama 
River, extend southward beneath the Sisquoc River at least to well 
35R1, where they are -only slightly diluted by the less concentrated 
waters of the Sisquoc.· 

In the Santa Maria Valley, the quality of ground-water is sitnilar to 
that in the Santa Maria River. 'DUTing periods of fio';.,' the quality of' 
the water in the river is necessarily a blend of the qualities of the wa~er 
in the Cuyama and Sisquoc Rivers, deperiding on the quantity of each. 
Hence, the quality of water in wells varies accordingly. The Cuyama 
River in its upper COUTse traverses formations which contain large 
amounts of gypsum, hence the water wOlud be expected to be high in 
total solids, owing to solution of calciUm and sulfate. The analysis 
of water from the Cuyama River above Alamo Oreek (table 15) is 

.. ~ 
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con£l'matory and represents essentially a calcium sulfate water, in 
which calcium and sulfate contents are, 520 parts and 1,800 parts, 
respectively. The water in wells along the'Santa Maria River has a 
chloride content ranging between 30 and 60 parts per million, a hard­
ness between 500 and 7QO parts) and total solids' between f,ooo and 
1)600 parts. ' 

Southward across the Santa 11a1'ia plain, the chloride content, 
hardness, and total solids increase ·somewhat. However, there is a 

. relatively l'l1pid decrease in the concentration of all three southward 
beneath the Orcutt upland. Toward the coast the q.uality improves, 
except in a local area along .. the south edge of the plain in T. 10 N., R. 
35'W., and extending up 'along the creek southeast to Guadalupe Lake, 
nearly to the town of Orcutt. In this area the chloride content is 
over 100 parts per million, and in one well it reaches the maximunl, 
in the area of 175 parts. Th'ecause of this increase is not 'definitely 
kno,'ill, but it maybe due in 'part to seepage of contaminated water 
from surface sumps or waste ponds. Beci1UsEi the ,base of the 'water­
bearing deposits lies at least 1,000 feet below the bottoms of these 
wells, the higher chloride content is not believed to originate from • 
below. However, it may be said that the condition has not changeQ. 

'materially since 1927 in those wells fol' which data aTe avail,able. 
Beneath the Orcutt upland and particularly in the vicinity of the 

cit:y of Santa 1:I{aria wells C9/34-2NI-3), the waters range from 46 to 
94 Parts per million ill ohloride content, from 90 to 130 parts in hard­
ness)' and from 200 to 320 parts in total solids. Despite the com­
paratively high concentration in chloride the quality here is considered 
to be the best in the area. The water beneath the Nipomo upland 
has similar chemical composition. 

The mingling of waters from the .various somces occms principally 
beneath the Orcutt upland', where waters moving southward from the 
Santa Maria plain and westward from the .sisquoc Valley mix with 
the waters derived from rainfall along the southside of . the area. 
The concentrations of all three constituents decrease towards the 
center of the Orcutt upland where they reach a minimum, but west­
ward appeal' to increase again. F'UTthermore, the concentrations are 
believed to increase with depth. Wa~~r moving southward from the 
Nipomo upland mingles with that Qriginally derived from the Santa.. 
Maria River. As a l'esult, in trus locality there is a southward increase 
in chloride conterit,io. hardnel?s, and ih total solids. 

POSSIBILITY OF SEA. WATER ENOROACHMENT 

The chloride content of the water is of s.peci£c importance in wells 
near the coast where,' alth0!lgp. there has always been a favorable Copy of document found at  www.NoNewWipTax.com
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seawardgraclient, some alarm ).las been, expr,essed 'with respect to 
sea-water encroachment. "Analyses ,of )3wolples collected frpm', the 
w~lls at the extre:me west e:o.d .of the y~lley, b.oth in the yicinity of 
OS.o Flac.o ,Lake and in the area west .of Guadalupe) sh.oW tha,t in 1941 , 
and 1942 the chloride cou,ten;t was between 30 and 60 parts per million. ' 
Fmthermore, analyses made in 1927 show about the same Tange:' 
These chloride cpncentrations are Jar within the limits of safe use,' 
and do not indicate any sea,-water. e:o.croachment. Fmther:more, as 
discussed below, hy,draulic conditio,lls' at, the coast are such that sea­
Wi;j,ter encroachulent presents noinlr:n,eclhte threat t.o water pu:mped 
by wE\lls. " 

In .order t.o ,deterr:nine where the c.ontact between the fresh water 
and salt water in the permeable dep.osits al.ongthe c.oast might be, at 
the present time it is necessary t.o apply the s.o-calledGhybeu"Herzberg , 
the.ory Mused by Br.own (1925)ingr.ound-water in-vestigati.ons al.ong 
the Oonnecticu,t coast. Fundamentally the principal iThyol'Ved deals 
wi~hthe;density differential' between fresh and salt water. In pro~ 
pm-tionto;thes,lightly greater density of sea water the contact between 
the two will be depressed ,about 40 feet below sea le-vel for each foot' 
of £res,h7wati3r head a;boye sea leyel) assuming the specific gravity of 
the seawater to he 1.025; . ,,' 

It has been shown that in 19M the fresh-water head at the coast, 
as pI' oj ected westward from the gradient detei'mined by water leyels '" 
in wells, was about 30 feet abo-ve, sea level (pI. 6). Therefore, it can 
be calculated that the contact between fresh water and salt water is, ' 
theoretically about l,200ieet below sea le-velat the sh.ore line., Be~< 
cause the deposits at the,coast attain a maximum thickness of roughly:> 
1,500 feet along the axis of the Santa Maria syncline, the salt wa 
theoretically extends inland about 2 miles in ,the form of a narrow 
tongue, and ,its contact with thl';) oyerlyingfresh water plunges down;: 
ward inland until'it intersects the surface of the consolidated rocks 
at a depth of about 1)600 feet below sea leveL ' , 

In 1936, wp.en the head was the minimum of record, or about 
feet, the salt-water contact may haye been about 800jeet ,below 
lenl at the coast, and theoretically intersected the surface of 
consolidated rocks, along the axis of the syncline approxiplately, 

",miles inland and at a' depth of about 1;800 feet. At any time 
theoretical computations would represent about the true ,,'L;Ul.lLllulUW:k 

if the water-bearing materials were homog,eneousthroughout,aiid , 
moyement "vel'e instantaneous. Each of these factors, however, is" 
important in controllrng the actual, position of the contact betweeI),'.' 
fresh water and salt wa,ter. 
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Owing to the lenticula!' nature of the deposits forr:ning the Paso 
Robles form~~ion), water is enabled to move m.ore freely ~long lines 
parallel to the lenses than vel'tically across the lenses. Thu;', through­
out the lower and by far the greater part of the cross-sectional area 
(sectionD-D', pI. 2),. the' natural seaward movement of gr.ound water 

,ha,s probably established the c.ontact ,at a point farther westward 
than it w.oUld be in nomogen.ous material. Noway is n.ow available 
to deter~ethe amount by which ,the contact is adjusted within 
these deposits, but it is .obvious that this natural adjustment is iayor­
able ~o the fresh-water supply.' 

Als.o) incleposits such as those at the coastal edge of the Santa 
Maria Valley the rate of movement oJ ground water is con:uiionly 
not I?ore than a few hundred feet a, year. Thus, it seems olwious 
~hat, follow~g a lowering of water leyel similar to the {)ne culminating 
III 1936; a period of :tnany years would elapse before inland and 
upward moYement of the saline c.ontact could briJig salt water to its 
theoretical position under the head relationship. For this reason 
the inland adyance that was developing into 1936 as ,a i'esult of 
lowend water levels must have been reversed by the rismg water 
levels ,of the yeaTS follo,ving 1936 long befOl'e sea wa~er could ha\re 
far invaded the a,rea. Since 1936, seaward retreat of the salt-water 

' , contact doubtless has occurred but probably has not achieved balance 
with the higher water levels. 
, The following can be concluded with respect to sea-water encroach­
ment: The salt-water contact lies at' oonsiderable depth beneath and 
west of the bottom of the; deepest water wells. SpecificallJT, within 
the range of the deposits tapped by wells the contact probably lies 

" off shorB} which would be several uliles from the westermost irrigation 
'well. The head at the coast can be reduced to or enn somewhat 
below that of 1936 without creating a hazal'd to the fresh-water 
supply. A considerable depletion of storage would be necessary in 

,,' otd81' to bring the salt-water contact, into 'the westel'most wells. 
',' Finally, at the present time the head at the coast and the quantity 

of outflow are more than suffioient to maintain the salt-water contact 
at a safe distance from wells. ' 

SELECTED' WlPLL LO as 
• "Table 16 contains 100 logs of water wells-a10utone-fifth of the 

,to.tal available in the SlJ.,nta Maria Valley area. They h~v~ been 
selected to give as cbmpl'ete an areal coyerage as possible) to show the 

,'range in depth of wells, and. to indicate the lithologic character of the 
'stratigraphic Ullits penetrated by the wells.' , , 
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140 GE0J-0GY AND GRp'~D-'fA:ljJR,:SANTAJl4:ARIA YALL;m'T, CALIF. 

TABLE 16.-Drillers records of wells in the Santa Maria V.alley area 

[Stratigraphie correlations by G. F. Worts, Jr, Altitudes approximate and with respect to sea·level datum 
of 1929J . 

9/32-7 Al. Ellen Elliot. On alluvial terrace. Altitude 470 feet 
[Oasing periorated.l07 to 115, 154 to 189, 235 to 238, 282 to 290, 410 to 415, and 428 to 436 Ieet] 

T;:~~. Depth 
(feet) (feet) 

Terrace deposits: Paso Robles formation-Oon. 
SoiL .......... __ .. _____ ••. ___ .. 8 8 . Sand and graveL ..... __ • _____ 
Boulders and graveL __ " __ • ___ 37 45 Olay •••• _ ... ____ ..•. ___ .••.•.. 

Paso Robles (1) forl:Dation: Sand and some graveL. __ . __ • 
Olay, sandy ___________ • ____ c. 10 55 Olay and sand.._. __________ ._ 
Sand and graveL. ____________ 18 73 Sand and graveL. ____________ 

Paso Robles formation: Olay, hard __ •. ____________ • __ 
Clay ..• ______________________ 31 104 Grevel, sand, and clay ____ • __ 
Sand and graveL _____ • _______ 11 115 Clay .•..• ___ c ____________ •. __ 
Sand .... ____ . _____ .c ________ • 5 120 Sand and streaks of clay ______ 
Clay and sand~ __________ • ____ 31 151 Gravel, sand, and·'clay. __ . __ • 
Olay and graveL _____________ 3 154 Sand, hard, and clay .. _______ 
Gravel and sand .. ____________ 6 160 Sand and graveL _____________ 
Clay and graveL .. : _______ : __ 7 167 Olay ..•• _____ ~ _______________ 
Gravel ..• _____ • __________ c ___ 20 187 Sand and graveL ___________ :_ 

. Clay, tough __________________ 10 197 Sand and clay ________________ 
. Clay and sand. _______________ 25 222 Olay. _. __ • ________________ • __ 
Sand and some small graveL._ 13 235 

9/32-7Nl. Valerio Tognaz.ini. On the Sisquoc plain. Altiude 422 feet 

[Oasing perforated 82 to 97, 105 to 145, and 162 to 185 feet] 

Alluvium: 
. Up~~r member: '. 

ash, sandy, gray ______ .,._ Sand. ___________________ _ 
G,'ave), tight. __________ __ 
Gravel, sand, and clay .. . 
Grayel, small, ·tight ..... _ 
Grave1, good .. __________ _ 

Lower (1) member: 
Olay, brown _____________ _ 

20 
14 
11 
10 . 
10 
5 

20 
34 
45 
55· 
65 
70 

73 

.Alluvium-Continued 
Lower (1) membcr-Oon .. 

Clay (1), hard. __________ _ 
'Gravel, good ... ________ __ 

Paso Robles formation: 
Sand· and clay ___________ _ 
Gravel, gqod, ___________ _ 
Sarid and cla'Y __ ~ ________ _ 
Clay •. _ • _______________ _ 

9/32-17Kl. E. O. Lyman .. On Sisquoc plain. Altitude 454 feet 

Thick. 
ness Deptb. 
(feet) (feet)· 

3 
7 

30 
7 
8 
5 

15 
49 
10 

9 
31 
6 

12 
8 

15 
1 

3 
19 

10 
35 
22 
42 

238 
245 
275 
282 
290 
295 
311 
360 
370 
31:9. 
410 
416 
428 
436 
451 
452 

78 . 
. 95 

[Oasing perforated, VI to 58, 269 to 279, 317 to 318,365 to 370, 392 t? 402, 410 to 415, and 423 to 425 feet] . 

.Alluvium: Paso Robles formation-Oon, 
Upper member: Gravel, sand 'and clay ____ 4 Soil.. _____ " _______________ 7· 7 Gravel and sand __________ 5 

Gravel and boulders __ " ___ 51 58 Clay and streaks of sand __ 16 
Lower (7) member: . Clay, hard .. _____________ 15 

.sand and some graveL ___ 21 79 Sand. ____________________ 5 Gravel. _' ________________ 1 80 Clay .•• _______________ " __ 2 
Paso Robles formation: Sand and graveL _____ ~ ___ l' 

Olay and graveL ._. ______ 10 90 Clay ~d sand. .. _________ 5. Clay, bard __ ' ____________ 14 104 Clay,' ard ____________ • __ 4 San d_. ___________________ 9 113 Clay and sand ____________ 35 
Sand, clay, and some Sand and gravel, water· gravel. _________________ 30 143 bearing ______________ .-._ 5 
Olay, hard. ____ ~~ ________ 4 147 Olay, hard. _____ " ________ 5 Sand. _____ ~ ______________ 5 152 Sanq. and Clay_~ ______ .. __ 8 
Clay, hard ____ " ________ .• 8 160 Qlay, bard ___________ .. __ 3 
Sand and clay ____ .. ______ 17 177 Gt~vel, sand, and play~ __ • 5 
Clay, sandy, hard ____ .. __ 5 182 Sand and'some'graveL ___ 20 
Sand, solid. __ .. _ ...... ---- 23 205 Clay and sand .. __________ 2 
Clay, sandy, and streaks Sand and gravel_ .... _ .. __ 5 of clay ________ . _____ .. __ 22 227 (ISolid streak"_.,. __________ 8 
Gravel, sand and hard Gravel and sand ________ 3 

clay. ______ -----------.. 23 250 Sand. __________________ .. 14 
Olay and streaks of sand __ 19 269 Olay, sandy, hard, and 
Sand and gravel, water· streaks of :fine sand. ___ • 30 470 bearing ______________ ... 270 

141 

TABLE 16.-Drillers records of wells 'in the Santa Maria. Valley area-Coutiuued 
9/32-18Al. Maria Dutra. On Sisquoc pJain. Altitud'e 438 feet 

[CasIng perforated 50 to 60, 78 to 81, 90 to 95, 160 to 162, 2·06 to 208, 330 to 360, and 388 to fOe feet] 

Thick· Depth 
Thick-

ness neBS 
(feet) Jfeet) (leet) 

Alluvium: Paso Robles formation-Con. 
Upper member: 

Sand. ___________________ • 7 
SoiL _________ • ___ . ________ 6 6 Clay __ " ________ .. ________ 2 
Gravel and boulders .. _ ... 54 60 Gra.vel and saud. _________ 2 

Lower member: 
Clay _ •. ________ .. ________ 6 

Sand •.. _______ ~ _________ . '6 56 Gravel, not water-bear· 
Clay and graveL ____ .. ___ 4 70 

. ing _. __________________ 
9 

Sand and some graveL .. _ 6 70 
Olay _____________________ 

11 
Gravel and sand ______ .. __ 5 81 Sand, water,baaring ______ 6 

Paso RObles'formation: Clay, ·hard. _____ ~ ________ 12 
Olay, sandy . __________ ~ __ 9 90 Olay; sall,dy _________ . ____ 12 
GraveL _' ________________ 5 95 Clay.'. _ ."_~. __ .. __________ 8 
Clay and sandc_c .. _______ 14 109 Sand and gravel, water-
Sand, fine, and some O~~~~~:===========:===== 

16 
gra vel_ ~ ___ w .. _ ........ ~ _______ 15 124 24 

Clay, sandy ___________ ;., 8' 132 Gravel and sand, water·. 
Sand and some gl'aveL. __ 11 U3 bearing _________________ 30 
Clay and graveL ______ :.:_ 7 150 Olay, hard.· ______ .. ____ .. 12 Sand_ .. __________________ 5 155 Sand, fine. -______________ 8 
Sand and some graveL ___ 4 159 Sand and some graveL ___ 8 
Gravel and sand. _________ 3 102 Gravel a,nd sand .. : _______ 4 Olay •• _____ .. ___ , ________ 4!! 206 Olay ____ ~ __ .. ____________ 2 
GraveL ______ .. __________ 2 208 Gra nJ' and sand __________ J2. 
Clay .• _____ .. ______ ; ... __ 7 ~15 Clay •..• ___ .... __________ 2 

9/32-24E1. Sisquoc Investment Co. On Sisquoc.piahi. Altitude 545 feet 

[basing perforated 15 to 46 feet] 

Alluvium: Consolidated Tertiary rocks; un· 
SoIL ____ •• ; ____ .. _. _______ 6 6 differentiated: 
Grayel and boulders .. ____ . 40 46 Shale __ c __ : _______ • _______ (1) 
S~ale (1) and some graveL 5 52 

9/33-1Ll. M. V. Diaz. On .sisquo~ plain. Altitude 391 feet 

[Casing perforated 90 to 115, 125 to 132, 175 to 180, 200 to 230,and 244 to 288) 

Alluvium: 
Upper member: . ,SoiL ___________________ " __ 

Gravel and sand _______ __ 
Lower member: 

Gravel and boulders ____ __ 
Paso Robles formation: 

Clay and graveL. _______ _ 
GraveL. _______________ __ 
Olay and graveL ________ • Clay ____________________ _ 
GraveL ________________ __ 

4 
61 

19 

10 
21 
5 
5 
7 

Paso Robles formation-Con. Clay. __ • ________ • _______ _ 
4 . Sand. ____________ • _____ ._ 

55 Clay._. ________________ __ 
GraveL. ___________ ; ____ _ 

84 Clay ________ ~ __________ _ 
Gravel and sand ________ "_ 

94 GraveL. ________________ _ 
115 Olay __ • _________________ _ 
120 Gravel and sand _________ _ 
125 Clay _______ • ___________ __ 
132 

24 
14 
2 
5: 

15 
8 

30 
4 

52 
2 

9/33-2A1. Santa Mad. Realty 00. On Sisquoc plain •. Altitude 379 feet 

Alluvium: 
Upper member: 

No record; ... C ____ ." ___ __ Sand. ___ ~ ____________ . __ __ 
Gravel, weter·beariIig .. __ 
Sand ... _______ • _________ . 

Lower member: 
Sand, boulders, andgra veL 

. 26 
8 

14 
16 

28 

Paso Robles formation: 
Clay and small pebbles .. _ 17 

25 .GUlI1 1)0 and slIl"ll peb· 
34 bles"__________________· 6 

I 

48 Clay, sandy ______ ~ ___ "C__ 40 
64 . Gumbo___________________ 13 

Olay __ .... __________ .. ___ (1) 
92 

Depth 
(feet) 

222 
224 
226 
232 

241 
~52 
258 
270 
282 
290 

306 
330 

360 
372 
380 
.388 
392 
394 
406 
408 

92+ 

156 
170 
172 
177 
192 
200 
230 
234 
286 
288 

109 

115 
155 
168 
168+ 

I 
" t 
! 
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142 GEOLOGY AND GROUND-WATER, ,sANTA MARIA VALLEY, OALIF, 

TABLE 16.-DriZler!3recor~8oj wells in the Santa Maria YalleY"area-,Continued 

9/33-5Bl.Bradley Land Co. On Orcutt u,{lland. Alti,~de 453 fee! , 

Thick­
ness 
(feet) 

Depth 
(feet) 

T~~;~- Depth 
(feet) (feet) 

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

Dune sand: 
SoiL _______ -- - -- --- ----- --
Hard pan _______ ~----____ _ 
Sand _____________________ ' 
Sand, fine! V'r"ateT'-bearing~ 

Orcutt formation: 
Upper member: ' 

Sand and streaks of hard palL ___________ , _______ _ 

Lower member: 
Boulders, gravel, and 

streaks of clay _________ _ 

2 
2 

31 
9 

76 

20 

2 
4 

35 
44 

120 

140 

Paso Robles formation: 
Clay __ • ________ .,--------Sand _______ c ____________ _ 

Olay-and graveL ____ .--__ 
Ola)' and streaks of gra veL Sand ____________________ _ 
Cla,,, ______________ " _____ _ 
Sand, water·bearing .. ___ _ Olay _____ -__ ~ ___________ _ 
GraveL -.-______ c __ ~ _____ _ 

9/33-8KI. K. B. Norswing. On Orcutt upland. Altitude 697 feet 

Dune sand: , SoiL _________ -____ -- -- ----
Sand __ .. ________________ _ 

Orcutt formation: 
Upper membe" Hard pau _______________ _ 

Olay and sand ___________ _ 
Sand, white _____________ _ 
Olay and sand ___________ _ 
Sand, white_ .-__________ _ 
Clay and sand_~ __ ._ ____ ,_ 
Sand, white. ____________ _ 
Olay and sand ___________ _ 

Lower member: Sand. __________________ __ 
Olay and glaveL ________ _ 
Grayel and boulders _____ _ 

Paso Roble. formation: Olay _. _________________ --
Clay and graveL ________ _ 
GraveL ---------e-----­
Conglomerate __ .-----c---

2 
42 

21 
6 

48 
6 

52 
3 

23 
12 

22 
8 

25 

12 
13 
7 

38 

Paso Robles formation-Oon. 2 ,Clay ________________ ' _____ , 
44 Sand, hard ______________ _ 

Clay and graveL_-______ _ Clay _____________________ ' 
65 Clay and graveL ________ _ 
71 Sand, hard ______________ _ 

119 Olay end graveL ________ _ 
125 Clay, • ',- , ________________ _ 
177 Olay and graveL ________ _ 
180 "Hard rock" (1) _________ _ 

'Z03 Olay and gravel _________ _ 
215 Clay ____________________ _ 

Gra vel. ______ -' __________ _ 
237 Sand, bard __________ ~ ___ _ 

'245 Sand, ___ ~ _______________ _ 
270 Clay ________________ ~ ___ _ 

Sand ____________________ _ 
281 Gravel, cemented _______ _ 
295 Gravel and sand _________ _ 
302 Olay and 'graveL ______ ~ __ 
3<lD 

"9}33-12Bl. Frank Gonsalves. On Sisquoc plain. Altitude 400 reet 

[Oasing perforated 58 to 88, 165 to 176, and 180 't? 195 feet) 

,Iluvium: 
Upper member: 

SoiL ____________ --- - ---,--'-' 
Sand and gravel _____ .. : __ 

Lower member: Gra vel _. ________________ _ 

Paso Robles formation: OlaY, yellow _____________ _ 

5 
53 

30 

52 

Paso Robles formation"-Ooh, Olay, red... _______________ _ 
5 Olay, yellow _____________ _ 

58 GraveL _____________ • ___ _ 
Olay, yellow _____________ _ 

88 ' , Gravel, eoarse ___ c _______ _ 

140 

9/33-15DI. South Basin Oil Co. In Sradley Oanyon; Altitude 584 feet 

[Oasing perforated'34B to 350 feet) 

o rcu tt forma tion: 
Upper member: 

SoiL ___ -_______ - - - - --- - --
Hard pan ____ -__________ _ 
SaDd and clay ___________ _ 
Sand, fine, wbite, water-bearing ________________ _ 
Sano an d streaks of. cIa y __ 

Lower,JJnember: 
Clafand graveL ________ _ 

Paso Robles (7) formation: 
Gravel and bonlders _____ _ 

2 
3 

65 

15 
65 

40 

30 

Paso Robles formation: 
Olay and gravel. ... ______ _ 

2 Olay ____ • ____________ ~ __ _ 
5 Olay and gravel _________ _ 

70 Oonglomerate •• _________ _ 
San d 'rock_ • _____________ _ 

85 Olay ____ , ________________ , 
150 Clay ,and s~nd'_ ______ "" __ 

Grav,a!. and,Eand...: __ ~ ____ _ 
190 GIavennd;.clay_" _______ -

Sand, hard ______ ~ _______ • 
220 

42 
38 

7 
29 
Ii 

1:0 
23 

3 
(1) 

15 
5 
3 

12 
9 
5 

,11, 
10 
15 
5 

10 
5 
7 
2 
8 
8 

10 
6 
7 

10" 

10 
16 
10 
5 

18, 

38 
4 

13 
18 
7 
3 

40 .. 
'10 

19 
2 

182 
" 220 ' 

227 
256 
265 
275 
298 
301 ' 
301+ , 

355 
360 
363 
375 
384 
389 
440 
450 
465' 
470 
480 
48., 
492' 
494 ' 
502 
510 
520 
526 
633 
543' 

150 
165 
175 
180 
198 

258 
252' 
275' ," 
293 ' 
300 
303 ' 

'343 ' 
353 
372 ' 
374 
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TABLE 16.-Drillers records' of wells w the Santa Maria Valley ar.ea-Continued 

9/34-3A2. War'Department. Sanla, Maria Army'Air Base. On Orcutt upland • .Altitude 271 reet 

.. [Q."sing p.frforated 2~7 to, 251,258 to 271, and 284 to 331 feet] 

T!~:- Depth 
,-<feet) (feet) 

T:~~:.- ,Depth 
(feet) , (feet) 

--~---II-------~~------------~--I~------

Orcutt formation: 
'Uppermember,:, Topsoil ________ '__________ 3 

Hard pan, sandy .... ___ c__ 33 Sand _____ " ___________ .___ 8 
Bard pan, sandy .. ________ 17 
Gravel, not water-bearing. 40 
No recOl'd _____________ "__ 13 

Lower memher:, , , 
Gra'vel, large and bonldel's.., 46 

:Paso Robles (7) formation:. 
'Sand, coarse, water-bear-',ing __________ '________ 12 
Sand, fine, solid, white___ 35 

Paso Robles formation: 
Olay, gravel, and sand____ 8, 
t'(Har~ panJ"r and· clay; :' ... ~ . 
, Sandy, white, ____ .______ ,6 

3 
41 
49 
66 

IG6 
119 

165 

177 
212 

220, 

226, 

Paso Robles jorrnation~-Oon. 
Olay, (gumbo), hard, g'ray ___________________ _ 
Gravel and clay- ________ _ 
Olay, sandy, and ,gra veL_ 
Gravel, lodse- ______ c----- ' Clay-_____ - ______________ _ 
Gravel and clay ___ .-____ • 
Gravel and sand __ ~_~._._ ' 
Clay, yelloW' _____ .: _______ _ 
Qlayand graveL ________ _ 
Gravel,loosB ____________ _ 
Sand and graveL ________ _ 
Olay and graveL _______ ._ 
Sand and gravel __________ ' 
Clay" yellow_c~~.,-c-------

9/34-3N4. , City o(Sa~t. Maria. On Orcutt upland. Altitude 255 f~et 

10 
"1 
10 
'4 

7 
2 

11 
13 

9 
9 

12 
9 
8 

19 

235 
237 
247 
251 
258 
260 
271 
284 
293 
302 
314 
323 
331 
350 

, [O&sing perforate'd 4ill to, ,483, 580 to 595, 681' to 684, 701 to 719, 780 to 786, 801 to 804, and 874 to 880 feet] 

.DUJle, sand: Paso Robles formation-Oon, Sand .• ____ -. .. , _____ ; __ ' ____ 2 2 Gravel, water-bearing ____ 2 
Orcutt formation: Olay aI)d gravel. .-_______ 13 

Upper member: Oonglomerate •. _______ ~ __ 9 
HEard' pan" _______ .. _____ '_ 23 25 Olay and graveL _________ 75 Sand, fine ______ • _________ 10 35 Grave! and sand, water-
Clay. __ ~ _~'_~':_'_~~:' .. _;::: 15' 50' be8rmg~ ____ c ___ • _______ 15' Sand, hard __________ < ____ 42 92 Clay and graveL _________ 17 
Olay and sand ________ 'c __ 14 106 Oonglomerate ____ ' ________ 13 
SaI(o aJld some graveL ___ 6 112 Bcnlders and clay ________ 56' Olay and sand ____________ 33 145 Sand'ano. some graveL ___ 3. Clay _' ____ : _______________ 

9 164 Olay aDd gravel, hard ____ 17 
Lower member: Sand and gravel, water-

,Olay, hard;,: s.and, and Cl~;a:'~:=========:===~::= 18 
sorile graveL ____ c------ 13 167 29 

Gravel aJ;ld sand _________ 17 184 Olay'and graveL ________ ~ 32 
,Paso Robles (1) formation: Clay ~nd gravel, water-, 

" Sand, whIte,---"---.------ 101 285 bearmg~ ____ " ___________ 6 
, . Sand, hard, whlte ... _____ 13 298 Olay __ • __ , ____________ ~-" 15 

:Paso Robles formation: ' Olay and gravel, water· 
OlaY and gra"''el __________ 4 302 bearin g_" _______________ ,3 
SandI yellow~ _____ .... __ ,... .... 6 S08 Clay and graveL _________ ' 70 
Olay,and·gra vel __ ---_____ 10 818 Sand ,and graveL _________ : 6 
Ol~y,' yellow .-__________ c_ 50 368 Olay ano some gravel _____ 20 
Ola:y and graveL_---c:--: 113 4&1 

9/34-4Fl. Wnr Department. Simla Maria Army Air Base. On Orcutt upland, Altitude 225 reet 

[Oasing perforated 269 to 267, 310 tel 323, and 337 to, 375 feet) 

, ""Orcutt formation: 
, , 'Upper, member; , ' " 

Soil, sandy __ ~~~_~ _______ _ 
"Hard pan." s,andy ______ _ 
Olay, yellow', 1m d graveL 

, Low~;a,i;~in"b~!:,yeJJow -'-~--
, S,and and graveLee _______ ' 

',Paso Robles (7) forma,tion: 
, , Sand, wbite ____________ "- ' 
Paso Robles'formation: 

Clay, yellov;:-___ , _____ • __ " __ ' 

3 
39 
38 

, 36 

39 

98 

B 
42 
80 

1I5 

154 

252 

259 

Paso Robles formation--Oon, 
Gravel and clay, sandy __ _ 
OIay, sticli:y, yellow _' ____ _ 
Olay, sandy, yellow ______ , 
Olay and gravel _____ " ___ _ 
.Grav~l, clean.. __________ __ 
Clay and sOPle gravel_: __ _ 
Olay, yellow ___ " _________ _ 
Gravel, good_. __________ _ 
Olay, sandy, and grFeL-OII'Y _'_ • _________________ _ 
Gravel and clay. ____ • ___ _ 

8 
14 
29 
12 
4 
2 
9 

26 
12 

2 
4, 

483 
496 
505 
580 

595 
61~ 
626 ' 
681 
584 
701 

719 
748 
780 

786 
801 

804, 
874 , 
880 
900 

267 
281 
310 
322 
326 
328 
337 
3M 
375 
377 
381, 

"1"·,, -. .,/,' 
I" 

v 

i 
1· 

'\ 
I 
i 
i 
i" 
'" j' 
! 
! 
i , , 
; " 

j? 
i 
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TABLE 16.-DriUers Heords Of wells.in the San,ta li1aria Valley. area-:-Continued 

. 9/34-10J~. Ida A. Twitchell.,On Orcutt upland. AI.tHud·e 3GUeet 

[Oasing· perforated 878 to 391 feet] 

T~~~:. Depth 
(feet) (ieet) 

T:~2;- Depth 
(feet) (feet) 

Dune sand: 
Sand __ .---_______ c ______ _ 
Sand, hard _. ________ • ____ . 

Orcutt formation: . 
Upper member: Sand ______ " ____________ ._ 

Olay ___ ". _______ • _____ .... 
Sand •• __________________ _ 
o lay _ .. _-. _____ • ______ c __ _ 
Sand .• ____ • ____ c __ • _____ _ 
OJay. ___________________ _ 
Sand _______ " _______ .. ___ _ 
Olay ••• _________ .~ ____ .. __ 
San d_ .. ______________ • __ _ 
Clay. _ •. ,, ___________ .. __ 
Sand _. __________ • __ • ___ ._ 

9 
20 

22 
7 

44 
41 
37 
3· 
9 
2 

15 
3 

30 

Orcutt form·ation-Oontiriued 
9 Lower member: • 

29 Olay and graveL ___ .. ___ • 
Paso Robles (1) iormation: 

Sand, white_ ...... ____ •• _ 
51 Paso Robles formation: 
68 Olay .... _. __ ..... ____ .. __ 

102 Sand ____________________ _ 
143 Sand and graveL _______ __ 
180 Gravel and sand. ________ c 
183 Gra-veL •• ____ • __ ._. _____ _ 
192 Olay _______________ • ____ _ 
194 Band and some graveL __ _ 210 Olay; • ________ • _________ • 
Z13 
243 

19 

90 

4 
5 
7 
6 

17 
1 
7 
1 

262 

352 

355 
351 
368 
374 
391 
392 
399 
400 

9/34-15Bl. County of Santa Barbara, Orcutt Union School District. On Orcutt upland. A;lti tude 355 fee! . 

Orcutt formation: 
Upper member: 

.~~~;d·iian~=====:====::=: Gravel and sand _________ _ 
Sand and stre.aks of clay __ Clay _ ••• _____ ~ __________ _ 
Sand. __________________ __ 
Olay ..•.. ______ .. ________ _ 

.. Lower member: -
Sand and streaks of olay __ 

2 
10. 

3 
135 

6 
9 
5 

30 

2 
12 
15 

150 
155 
165 
170 

200 

Paso Robles (7) formation: 
Sand, yellow _ .. _________ _ 
Sand, white .• ___________ _ 

Paso Robles formation: 

irr~ei= :=::::::=:::::::~: Olay ...... _____________ __ 
Sand and graveL ________ _ 

1O/33-18C1. J>a Brea Securlties Co. On Santa Mari.plain. Al tilude 261 feet 

[Oasing perforated 115 to 140, 300 to 338, 341 to 363, and 395 to 415 feet] 

Alluvium: Paso Robles formation-Oorr. 
Upper member: . HQuicksand,'~ blue._ ... ____ . 

~~~(C:===::::::::=::::=:: 5 5 Clay, blue ____ : ___________ 
56 71" If Quicks13.ud" ____ . ___ ...... ___ ... 

Lower (1) member: GraveL _________ ~ ________ 
Boulders, gravel andsand_ M 115 Clay, blue _____________ " __ 

Lower member: ,?ra:?"el and ~}ay ___ .. _ ... ____ 
Sand and boulders ________ 25 140 QUlcksand ____________ • 

Paso Rob1es formation: Olay •••• _____ ; ___________ 
Olay _____________________ . 3 143 Gravel and clay. _________ 
Clay anp. gra veL .. __ ~-__ . __ 99 242 Oareaga sand: Clay, blue ________________ 18 260 Band·and'sbells, __________ . 

. 10/33-18G1. La Bre. Securities Co. On Santa Maria plain. Altitude 273 feet 

[Casing per{orated 132 to 142·, 288 t6 320, 336 to 340, and 408 t~ 422 ieet] 

·Alluvium: Paso Robles formation-Oon. 
Upper member: . Olay ana graveL • __ .. ____ 

S oiL _______ . ______________ 4 4 Gravel •• ______________ c __ 
Sand and SOme graveL ___ 95 99 Clay and graveL • __ .. ____ 

LO\"ler mem:ber: Gravel, solid .• _____ • _____ 
Gravel arid boulders .. ___ 6 105 Gravel, loose. _________ ~_. 
Clay and sand ____ .' _______ 19 124 Clay and gravel. .~ __ c ___ • 
Sand, clay, and SOme GraveL. _________________ 

gravel_. ________________ 5 130 Olay and graveL .. _______ 
Gravel and boulders .. ____ 10 140 Olay, blue: __ . _______ " __ • __ 

Paso Robles formation: Sand, hard .... __ .... _____ 
Olay, hard ... ____ 0 .. _____ 60 200 Clay, bardc ______________ 
Clay, blue .. ______________ 28 228 Oareaga (1) sand: 
Olay and graveL .. _______ 52 280 . Gravel and sand __________ 
Olay, blue ________________ 8 288 Oareaga sand: 
GraveL _. ________ • _______ 4 292 Sand. ___ , _______ • ______ •• 

45 
88 

7 
2 
8 

12 

8 
10 

7 
53 
3 

22 
14 
18 
25 

20 

4 
4 

13 
5 
2· 

18· 
8· 

25 
4 

23 
16." 
15 

13 

245 
333 

340 
342 
350 
362 

268 
278 
285 
338 
341 
363· 
377 
395 
420· 
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TABLE 16.-Drillers records of well§. m the Santa Maria V~lley area-C.ontinued 

10/33-1SI;tl.. La Bre~ S~curltie. C? ':On'Santa M!f!".i~JI.iai;n. Altitude 276 feel 

[Oasing perforated 135 to H5, 230 to 21S, 242 to 248, 255 to 250, 285 to 305, and 39S to 414 feet] 

Thiele. Deptb 
('t:;t) . (ieet) 

T:~~~ ... Depth 
(feet) . (feet) 

Alluvium: Paso Ro bJes formation-Oon. 
Upper member: GraveL •• _______ • ______ c_ 2 SoiL ____ • _______ •• _ . _____ 5 5 Olay and gravel. _________ 3 

Sand and some graveL: ~ ~~ 75 80 Gravel. ________________ .. 
3 

Sand and graveL _________ 15 96 Clay and graveL _____ •• _. 53 
Lower member: Clay, sandy ______ • _______ 13 

Clay and graveL .. _______ 14 110 Sand, hard. "c __________ ._ 11 01 ay and sand ____________ 18· }28 Clay, blue, hard ___ • ______ 20 
Olay and gmveL . _____ ." __ 7 135 GraveL ___________ ._; ____ 2 
Gravel and boulders ______ .6 141 Clay and graveL _________ 5. 

Paso Robles formation: Gravel. ________ .. _______ • 3 Clay, bard_. ______________ 59 200 Olay and graveL _________ 1 Clay, blue ________________ 33 238 
gf:;_e:::::::::::::====:== 

4 
Gravel, small, and sand •• 2 235 2 
Clay and graveL ... ______ 9 244 Oareaga sand: 
Sand and graveL ________ 2 246 . Sand and strata of sand 
Clay and· gravel. _____ • ___ 9 255 

·;257' 
.. and clay __________ • ____ ·124 

Sand and .. :m'vBL _______ , 2 P9Jj'~0~ida:ted. ~.,ztjary. r09ks, Clay and graveL _________ 2 259. UIidifferentJated: . , 
Sand and gravel __ " _______ 1 260 Clay, dark, bard_ .... ____ 
Clay and graveL _________ 11 271 Shale, brown (gas)" ... ____ 
Olay, sandy .. ____________ 4 275 Franciscan and KnoxvilJe(?) for. 
Olay, blue, bard __________ 10 285 mations: 
Grav~.L .. _____________ " __ 7 292 Sandstone; hardcc ________ 
Olay and graveL _________ 2 294 

lOiS3-18H2. La Bre. Securities Co. On Santa 1\10rl. plain. ·Altitude 272 feet 

(Oasing perforatad 126 to 150, and<JIO to 317 ieet] 

'Alluvium: . Paso Robles formation-Oon. 
Upper member: oray, blue ___________ ~_~ __ 

. SoiL_o ____ c. ______________ 4 4 Sand •• ___________________ 
Sand .• _____ • _______ ~ _____ 4 8 Olay aI\d grll<veL _________ 
SoiL .. _ .. ______ .--------___ 1 9 Gravel .•• ________________ 
Sand and some graveL ... 89 98 Olay and graveL __ .. _____ 

Lower member: GraveL •• ________________ 
Gravel and sand __ .. _____ 12 110 Olay _ .. _______ " __________ 
Sand. _ •• ___________ ..... __ 15 125 Oareaga sand: Gravel. ... _______________ 14 139 Sand •• ___________________ 

Paso RobIes formatibn: Sand and some graveL ... Olay, browlL ____________ 50 189 f I Quicksand' '. ___________ w I-

Olay, blue ________________ 3 192 Sand. bard ___________ • ___ 
Sand ~ulPbur waterl_: ... 2 194 Gravel and "quicksand". 
Ol~y, lne ___ • ____ " _______ 6 200 SantI, hard. _____ .. _______ 
Clay, sandy, blue .. " .< ___ 10 210 Sand ,;i;i~graveL. _____ ~ __ 
Olay, blue ____ • ___________ 40 250 Sand e1aY" ... _____________ 
Clay, blue ______________ 19 269 Oonso!idatedTertiary (1) rocl<;s, Sand. ______ c ______ • ______ 

2 271 . undifferentiated: Clay, blue _______________ 
14 285 Clay, hard (sbale?) _______ 

Band_. ___________ ._ .. ___ ._ 9 294 

10/33-19Bl •. O. T. Rice. On Santa Maria plain. Altitude 275 feet 

[Oasing perforatad~no 97, 116 to.125; 190 to 215, aod 23.8 to 2481eet] 

Allu-vium: 
Upper member: SoiL ______ • ________ .. ___ • 

Band and graveL .. _____ __ 
. Boulders and graveL ____ _ 
Lower member: Sand. ___________________ _ 

Gravel and sand ________ __ 
Boulders and saneL ______ _ 

. Paso Robles formation: 
Olay and grave1. ____ • ___ _ 

4 
81 
13 

16 
11 
7 

18 

4 
85 
98 

114 
125 
132 

150 

Paso Robles Iormatlon-Oon; . 
Olay and sand ___ .c _____ __ 
Olay • ___ .. ____ .. _. _____ __ 
Olayand·graveL ....... __ Gravel. ____ .. _____ --____ _ 
Clay, tough .. __ .. _______ • 
Olay, blue ______________ ._ 
Olayand graveL ____ .. __ _ 
Olay, tough, and graveL_ 

45 
40 

8 

9 
6 
1 
3 
1 
3 
3 

12 
7 

44 
6 
3 
4 
3 

16 

25 

14 
25 
10 
11 
19 
8 

48 
21 

295 
299 
302 
355 
368 
379 . 
399 
401 
406 
409 
410 
414 
416 

540 

585 
625 

633 

303 
309 
310 
313 
314 
317 
320 

332 
339 
383 
<J89 
392 
396 

·399 
415 

440 

164 
190 
200 
211 
230 
288 
286 
307 

I ,. 

!/ 
V 

I 
I 
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146 GEOLOGY AND GROUND-WATER,' SANTA :rv.rARIA VALLEY, CALIF., 

TABLE 16,-D1'ille1's reem'ds of wells in the Santa lvIaria Valley area-Continued 

10!33-21F2. :1>1.1. Santos.' 'On Santa Maria plain. Altitude 312 feet 

[Oasing perforated 90 to 140, 170 to 203, 243 to 254; 274 to 310, and 320 to 337 taet]' 

Thick- DBpth 
, (f:::) (feet) 

Alluvi\llll: Paso Robles formation-Oon. 
Upper member: ' Olay, blue _______________ '_ 

SoiL_,_, ____________ , _____ 4 4 Sand and clay, loose sulphur_ 
San<i and bowde!;s_-____ .,_ 16 20 Olay, blue ________________ 
Clay. ______ ~ ___ , ___ ~ ______ 1 21 Gravel." _________________ 
Sand and some graveL .. _ 64 85 Olay, blue, and gravBL ___ 
Gravel and sand __________ 12 97 

Gravel. __________________ 

Lower member: 
ClaY _____________________ 

Clay and boulders ________ 3 100 GravBL ___________ • __ • ___ 
Gravel and boulders ______ 6 106 Clay, tough ______________ 
OJa}' and boulders, _______ 16 122 . Olay and streaks of graveL Gra vel _________ ~c ________ 2 124 Olay. ________________ • ___ 
Clay and graveL _________ 4 128 Olay, sandy ______ • ______ , 
GraveL ___________ ~ ______ 7 135 Sand _____________________ 
Clay'and graveL _________ 4 139 Gravel and clay __________ 

Paso Robles formation: ' Gravel and clay, 100SB_" __ 
, Clay, blUe, and graveL __ c 31 . 170 Gravel and clay __________ 

Clay, sulphur ____________ 2 172 GraveL __________________ 
'Clay, blue, and graveL ___ 16 188 'Oal'eaga sand: 
Clay, sulphur ____________ 2 190 Clay_, ___________________ 
Clay a,nd graveL _________ '13 203 Sand&tone, hard __________ 
o laYr sticky c ,---___ -----0 11 2H Sand ______ ----- __________ 
Gravel and clay __________ 4 218 ' Sandstone,' hard __________ 

lO/33-2IRl. L. rr,'Ad.m. On Santa Maria plain, Altitude 323 feet 

[Casing perffrated 95 :0 104, and 116 to 150 feet] 

Alluvium: :Paso Rob'les (1) fo'rmation: 
UppBr mBmber; Olay, hard. ______________ 

SoiL .. ________________ " ___ 
2. 2 Olay; blue·.-_________ ~ ___ • 

Sand and some graveL_._ 83 85 Oareaga (?) sand: . . , 
Lower member; Sand, blue, fine, and' a 

Gravel and sand; solid ____ 15 100 little graveL ______ "·. ___ 
GraveL _____ • ____________ 4 104 01 So', blue, and shells ____ • 
Clay and sand ____________ 10 114 Franciscan and Knoxville (1) 
Gravel, tight, and clay ___ '9 123 formations: , 
Gravel, loose __ ., _________ '7 130 Sandstone, h~rd, blue, .. c 
Gravel; tight ___ • __ " ______ 6 136 

> 6 
' 20 
-5 
27 
i 
3' 
2 
6 

10 
S 
4 
3 

15 
7 
2 

. 3 

16 
3 
4 
1 

8 
14 

10 
8 

51 

IO!33-27Rl. New1al!.Land and Farming' Co. On SantaMaria plain. Altitude 353 feet 

[Oasing perforated 130 to 224 feet] 

Alluvium: 
Upper'member: SoiL __________________ ._. 

Sand and graveL ______ c __ ' 

Gravel, cemented ________ , Sand ____________________ _ 

Lower member: Ora vel. ~ ~ ____________ .:. __ 
Sand ________ .. __________ _ 
Grave], coarse ______ ..... __ .... __ 

Paso Robles formation: 
Gravel, cemented _______ _ 

5 
'43 
10 
37 

3 
31 
12 

IS 

5 
48 
58 
95 

98 
129 
141 

146 

Paso Roble,S formation-Oop.. 
. , Olay and, graveL .-______ _ 

Clay ________ • ___________ _ 

Gra",e1- - -------c--------~ Olay ____ • _______________ _ 
Gravel __________________ _ 

g~a._z,cl~~c~~:'!~~:~=:===== ' 
Olay and boulders __ • ___ , __ 
Gravel. _________________ _ 

. -Clay, ·tough,.and sand ___ • 
Olay (1) and some graveL 

14 
5 

JO 
5, 

10 
JO 

. 13 
3 
8 

13 
18 

220 
226 
246 
251 
278 
279 
282 
284 

.290 
30b 
303 
S07 
310 
325 
332 
334 
337 

353 
356 
360 
361 

H. 
158 

168 
175 

240 

160 
165 
175 
180 
190' 
200 . 
213 
216 . 
224 
'237 
255 . 
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TABLE 16,-Drillers records of wells in the Santa l\:faria ,valley area-Contipued 

IO/33~28Al. Jp~ Soares. On S'.hta :Maria.plain. Altitude 325 feet 

[Oasing perforated 100 to 215, and ~42.tQ .335 feet] 

T:a~:- D eptn ' 
(leet) (Ieet) 

T:a~:- Depth 
(feet) (feet) 

-~------~--- ------I---~-~-----I---
Alluvium: Paso Robles formatlon-Oon. 

Upper member: , Clay, sandy, blue ________ 10 240 8oi1 __ .... ____________________ 5 5 Gravel. _. ________________ 
17 260 Sand ____ c ________________ 

45 50 Gravel and sand, water· Sand and small graveL ___ 40 90 beartng ________________ c 
20 280 Sand, hard ________ • _____ " 5 95 Gra .. el _________ :. ______ ._ 12 292 Lower member: No record ________________ 
1 293 GraveL. ______________ ~ __ 

9 10. Gravel __ -- _____ • _______ c_ 
7 300 Gravel, cemented ________ 41 145 Clay, tough,blue,_: _______ 3 301> Paso Robles formation:. GraveL __ • ___ • ___________ 

11 314 Clay andstr •. aks of graveL 13 158 Olay __ • __________________ 
2 316 Olay and bould'ers ________ 3 161 . Gravel. _________________ • 
4 320' 'Clay and streaks of graveL 31 '192 Olay _____________________ 
5 325 Olay, tough, blue _________ 10' 202 Gra vel _______________ .c __ 

10 335 Olay, blue, streaks 01 simd_ 13 215 'Olay and boulders __ • __ . ___ 7 342 Sand, soft, blue ___________ 12 227 Oareaga (1) sand: Olay, sticky, blue _______ : 3 230. Sand and small gravel ____ 32 374 Sand ____________ : ____ • ___ 
3 233 

10/33-BOLI. R. R. Bush on Co. On Orcutt upland. ·Altitude 310 feet 

[Oasing perforated 190 to 210, 218 to 244, 268 to 286, 310 to 315, 327 to 342, 385 to 418, and 450 to 485 ieet] 

Dune sand: P~.o Robles formation-Con. Sand _________ .-_________ ._ 
20 ~o Sand, gravel, and, paul-Oroutt formation: ders ____________ .c _____ • 

r I Hardpan" _______________ 34 54 Clay and bouldr~s ________ 
Clay, boulders, and Gravel and boulders _____ graveL ___ • _____________ 

81 135 Clay and boulders __ ~ _____ 
Paso Rohles formation: Gravel and· bonlders, Clay ______________ " ___ • __ , 5 140 water-bearinge _____ • __ ._ Olay and boulders. _______ 54 194 Gravel and b01l1ders_, ____ Gravel, water-bearing ____ 5 )99 Clay and boulders ________ 

(}rlLvel and bouldpJ's ______ 11 210 Sand, gravel, and boul· Olay and gravel __________ 
8 218 dr.s ______________ • _____ 

Gra vel and sand __________ 26 244 Sand and graveL ________ " Clay and graveL ______ • __ 24 26,8 Olay and gravel, bard ____ 

10/3S-3SHl. E, L. Sargent. On Orcutt upl~nd •. Altitude 402 feet 

[Oasing perforated 204 to 232, 245 to 250, and 270 to 280 feei] 

Terrace deposits: SoiL _______________________ ._ 
Orcutt.formatiori: . 

Upper'member: 
Hardpan _____________ • __ _ 
Olay and strealrs of sand __ 
Clay and graveL _. ___ ~ __ _ 
HardpaR ________________ _ 
Clay ani! gl'a'teL • ______ __ 
GraveL ______________ • __ _ 
Olayand gravel _________ _ 

Lower (1) member: 
GraveL ________ ._ ••• ____ _ 

14 
39 . 
10 
8 

17 
12 

7 

23 

16 
55 
65 
73 
90 . 

102 
109 

132' 

Paso RobJes formation: 
Olay and sand ____ • _____ _ 
Olay and"i;rr,a veL ________ _ 
GraveL _______________ ._. 
Clay and graveL __ • _____ _ Clay ____________________ _ 

Gravel, water-bearing .. __ 
Clay,. yeJJow~_. __ • ______ ·_ 
GraveL, ________________ _ 
Clay and graveL ________ _ 
GraveL __ • ______________ _ 
Olay ______ ~ ______________ _ 
GraveL _______ • ____ ,-----_ 

18 
24 
5 

'12 

15 
76 
32 

25 
10 
15 

8 
38 
3 

15 
8 

28 
14, 
'3 
23 

6 
10 
2 

28 G 
Ii 31 

315 
32 7 

i 
o 

34 
418 
45 

475 
480 
500 

140 
178 
181 
196 
204 
232 
246 
249 
272 
278 
288 
290 

I 

! 

i 
! 
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148 GEOLOGY AND GROUND-WATER, SANTA MARIA VALLEY, CALIF. 

TABLE 16,-Drillers reco~ds of wells, in ihe Banta }.{aria 1Talley a:rea~Continued 
, 10/33-30HI. Dan'Donovan." On Santa Maria plain, Altitude 352 feet 

[Oasing perforated 70 to'SO, 86 to 145, 160 to Hil, 220 to 234, 237 to 238, 267 to 265, 275 to 282, and 293 to 300 teet] 

Thick· Depth ThiCk.! Depth 
(f;:t) (feet) (fe":t) (feet) 

Alluvium: Paso Robles formation-Oon, 
Upper member: Olay, sand, and graveL .. SoiL _____________________ 10 10 Gravel. _ . ________________ 

Sand and streaks of clay, __ 36 45 Olay, har,d, sa)1dy _0 ______ 
Gtave!'and .boulder,s ______ 5 50 GraveL ~'. ______________ "_ 
Clay .. _______________ " ___ 

20 70 Olay alid 'grav~L _________ 
Gra vel. _ .---------_______ 11 81 Olay, sandy, and some Olay _ ••• _<- ______________ 5 86 

gravel. _________________ 
Gravel, coarse _____ ~ ______ 2 88 Gravel, tigh!. ____________ 

Paso Robles formation: ' Olay ••.• ___________ .-----
Gravel and streaks of clay_ '7 95 Gravel.. " __ • _____________ 
Gravel and clayc _________ 50 145 Sand, bard •. _____________ 
Clay _. ___________________ 5 150 Olay, hard •• _____________ 
Sand and some small Olay, bard, and streaks gra veL . ________________ 5 155 of fine sand _____________ 
Gravel and clay __________ 15 170 Olay. _ ... ________________ 

. Gravel, muddy ___ ~ ______ 6 176 Sand and some grayel .... _ .. 
OJay and graveL _____ ~ ___ 13 189 Sand, hard ____________ ~ __ 
GraveL _ .~ _______________ 191 OJay, bard, and graveL __ 
Sand, clay, and graveL .. __ 16 207 Olay and graveL . ________ 
Sand and some gravel. ___ 11 218, Sand, fine. and streaks OJay.,., _______ .-_________ 2 220 of'clay~ _________________ ' 
Gravel, cemented .. ___ .. ___ 13 233 Olay _. _ .. ______ ' __________ 
Gra vel ___________ ~ ______ . 

·1 234 

10/33-3512. A, F. Fugler. On Sisquoc plain, Altitude 366 feet 

[Well abandoned] 

Alluvium: 
Upper,member; SoiL __________ . _________ _ 

Olay and graveL • _______ _ 
Sand •• __________________ _ 

4 
19 
17 

Oareaga sand: ' 
Oloy, sandy, brown_ •• __ _ 

4 Olay, sandy, blue, and 
23 clam sbel1s _____ ~ _______ _ 
40 

"10/33-3SRl. A. F.,Fugler: On Sisquoc plain, Altitude 370 feet 

[Oasing perforated 62 to 74, 141 to-170, 182 to ]95, 200 to 206""and 216 to 266 feet] 

Alluvium: 
Upper member: SoiL ____________________ _ 

GraveL _______ c _________ _ 

~~J;dersand-rj'a,~~~:~:=== 
Boulders, 'water:bearing _. 
Olay and' boulders _______ _ 
Olay" ..• ________________ _ 
Gravel and sand _________ _ 

Paso Robles formation: Olay _. __________________ _ 
Sand ____________ • _______ _ 
Olay _______ -' ____________ _ 
Gumbo __________________ _ 
Sand ar.d small graveL __ _ 
Olay.~ __________________ _ 

4 
16 
3 
7 

10 
7 

15 
10 

13 
2 

46 
2 
5 
1 

Paso Robles formation-Oon, , 'GraveL _. _______________ _ 
4 Olayand groveL ________ _ 

20 GraveL ___________ " _____ _ 
23 Olay and graveL ________ _ 
30 GraveL . ____ • ___________ _ 
40 OJay ..•. ________________ _ 

47 GraveL •. -------------c--62 Olay.·sandy ________ c ____ _ 
72 Grav",l and sand _________ _ 

Gumbo __________________ _ 
85 Olay ... _____ ~ ____________ _ 
87 Sand and small graveL __ _ 

133 No record __ . _______ • ____ _ 
135 Sand and graveL ________ _ 
140 Gravel, boulders, and 141 '. sand __ • ________________ _ 

10/33-36A1, ,La Brea Secudties 00, On alluvial plain, Altitude 367 feet 

(Oasing perforated ao to 76 feet] 

Allnvium: Sil L ____________ ~_. ______ _ 
GraveL. ________________ _ 
Sand and graveL ________ _ 
Rand, ooarse _____________ _ 
GraveL _ • ________________ , 
OJay and graveL . _______ _ 

6 
4 

10 
10 
35 

3 

Alluvlum-Oontinued 6 GraveL _ • ________________ ' 
10 Oonsolidated Tertiary rocks,un· 
20 differentiated' 30 OJay: .•. __ 4 _____________ _ 

65 OJay, blue, sulphurous. __ 
68 Roci{, blue_. ____________ _ 

3 
1 

19 
2 
6 

10 
7 

11 
7 

10 
10 

50 
5 
4 
5 

11 
5 

16 
(1) 

35 

65 

5 
Z 
6 
6 
3 
4 
R 

l2' 
9 
6 
6 
6 
7 

34 

25 

5 
68 
12 

237 
238 
257 
259 
266 

275 
282 
293 
300 
310 
320 

370 
375 
379 
384 
395 
400 

416 
4i6+ 

7,5 

140 
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TABLE 16,-Drillers' records, 0/ wells 'in the Santa Maria. yalley area~Co'ntinued 

10/34-2)11. Gracio Apalatequi.' On Santa Marla plain, , Altitude 230,feet 

[Oasing perforated 106 to 130, 180 to 190, end 221 to 226'teet] 

Tbick· 
D~pth Thick-ness .. (feet) ness' (feet) (feet) 

Paso Robles formation-Oon, GraveL .• ________________ 
1 4 4 OI/lY and graveL. ________ 2 96 100 GraveL _ • ___ ~ ____________ 2 OJay and sand ____________ 10 29 129 Sand and some graveL. __ 4 Oareaga (1) sand: 

41l 175 SI>Dd;· blue ________________ 
15 7 182 OJay, blue _______ ~ ________ 
20 5 187 Sand _____________________ 
3 8 195 Olay ___ • _________________ 

14 26 ;m Band ________ ~ ____________ 
2 

Alluvinm: 
Upper member: SoiL _________ ' _______ c " ___ ~ 

Sand and graveL _______ _ 
Lower member: GraveL _ • ___________ • ___ _ 

Paso Robles formation: Olay ____________________ _ 
OJay and. graveL. _______ _ 
Gravel. _ • _______________ _ 
Olayand graveL ________ _ 
Olay and sand __________ _ 

IO/B4-5RI. La BreaSecurities Co. On Santa Maria plain, Altitude 175 fe~t 

[Oasi~g perforated 126 to 158, and 192 to 238 feeti 

Alluvium; 
Upper member: , 

S oil __________________ .. ___ _ 
Sand, fine, and clay .•. __ _ 
Sand, coarse, and graysL_ OJay ~ .• ________ • ________ _ 
Olay and graveL • _______ _ 

Lower member: , GraveL _ • _______________ _ 
Sand •. __________________ _ 

10 
52 
24 
4 
5 

5 
16 

]0 
52 
86 
90 
95 

100 
116 

AJlUvlum~Oontinued , 
Lower member-Oontinued Sarid, bard~ ____ : _________ ' 

Paso Ro~f:.vt"~;mati~;,-,-----------
Olay and sand.._" ___ . ____ _ 
Sand and a little graveL_ 
Gravel and boulders~. ___ _ Sand. ___________________ _ 

10/34-7Fl. Antone SOU"", On Banta Maria plain. ':lltitllde 161 feet 

[Oasing perforateci 104 to 108, 12Uo 168, and ]95 to 198 feet] 

Alluvium: 
Upper member: Loam, sandy ____________ _ 

~and· and ~!ay-.. -------... --Hardpan ______________ _ 

~an~ anrl cl~l------~-----Ql1lcksand ______ , _____ _ 
may _. ________ , _________ _ 

Lower member: 
Gravel and day. ________ _ 
Olay, ye.llow _____________ _ 

6 
52 
3 

28 
8 
4 

9 
10 

6 
58 
61 
89 
97 

101 

110 
120 

Allu:;1um-Oontlnued 
Lower member-Oontinued 

Gravel, coarse..: ____ .. __ .;.. __ _ 
Clay. _ ._~ _______________ ./ 
Gravel.: ________________ _ 

Paso Robles formation: ' 
Gravel and clay _________ _ 
Olay _ ' _________________ "0_ 

~oulders an~ c.lay _______ _ 
Ql1lcksand ____________ _ 

Olay. yellow ____________ _ 

10/34-8RI. Mrs. Vlr.gil AleI .. ~der. On,Sarita ',Mad. plain.:' Altitude 176 feef. 

[Oasing perfora~ed 103 to 152 and ISHo 200 feet] 

Alluvium: 
, ,Upper member: Loam ___________________ _ 

Sand_ • __________________ _ 
Olay _., _____ • ____ • __ .,., 
Sand. ________ • __________ _ 
II Quicksand II _ ... _______ .. _ ... _ 
Clay, sandy _____________ _ 
Olay and graveL ________ _ 

Lower tnember: 
Gravel, ooarse_ ... _ .. _ ... ___ .. __ 

" JO 
30 
10' 
20 
17 
3 
i 

2 
41 

19 
12 

t~ j 

33 
1 

14 

2 
28 
2 

]9 
1 

,9 

28 
3 

17 
2 

Deptb 
(feet) 

222 
224 
226 
236 
240 

255 
275 
278 
292 
2M 

118 
159 

178 
190 
238 
250 

i53 
154 
168 

170: 
198 
200 
219 
220 

]03 

152 

180 
183 
200 
202 
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150 GEOLOGY AND GROUND-WATEE, SANTA MARIA VALLEY, .CALIF. 

TABLE lB.-Drillers records o! wells in the Santa, ];[aria Valley area-Contiuued 
10/34~9Dl; J. Jtembush. On Santa Maria'plain. Altitude ~83 fe.et. 

[Casing perforated 110 to Hil ~nd 180 t.o 230 feet] 

Thick-De th 
ness· P 
(feet) (feet) 

T~~~~- Depth 
(feet) (feet) 

Alluvium: 
Upper member: 

Soil., __ •.••• __ ~_. _ .• _ •.... 
SilL ..•..••......• _ .•.•••• 
Sand and f!'raveL ___ ..... ___ _ 
Clay and sand. __ •• _ .. __ •• 
Grave! and sand .•.. _ ..••• 
Gravel,· bard _ .•• __ ._. ___ _ 

Lower member: 
Sand, __ ._ .. __ •. _____ ._ ..• 

5 
5 

20 
47 

5 
14 

12 

Alluvium-Oontinued , 
Lower member-Oontinued 

5 Graverend boulders __ ._._ 
10 Paso Robles formatiOli: . 30 Clay __________________ ... 
77 Sand" ________ • _______ c._. 
82 GraveL,,_, ____ • ___ •. ___ . 
g6 Gravel, hard_, __ ._ .. __ .• _ 

108 

10/34-10E1. L. O. Donati. On Santa Maria pl~in. Altitude 198 reet 

[Casing perforated 1.36 to 221 ieet] 

Alluvium: 
Upper member: 

SoiL ... ____ ... _ .. __ • __ . __ 
Sand .• __ ... _____ . _____ . __ 
Clay ____ . ______ .... _____ •. 

. , Sand,, ______ " __ • ____ ...... 
IIRardpan" ______________ '_ . 
Gravel. _ .,_" ______ ... _ ... 
Clay" .• __ . ___ .. __ .. ____ _ 
~and, comp,act ...... _____ !. __ 

Hardpan _______ ~.---.. 
, . Lower member: 

GraveL. _____________ .• __ 

4 
26 
4 

31 
8 
6 

11 
5 
2' 

4 
30 
34 
65 
73 
79 
90 
95 
g7 

98 

Alluvium-Continued . 
Lower meru.ber-Oontirtued 

Olay, •• _____ .... __ ' .... _ .. 
Sand, compact .. ___ " __ " 
Clay and graveL .. ______ _ 

Paso R~~fe~el;l~mati~n:--"----- ' 
Clay and graveL ... _._ .. _ 
GraveL ......... _ .. _. __ .. 

g~'ivBL ================= ' Clay .. , ..... ____ .. _ .... __ • 

10/34-12E1. C. O. Mitchell. On Santa Maria plain. Altitude 230 reet 

[Caslng perforated 130 to 14t feet] 

Alluvium: 
Upper member: SoiL _______ ," _________ • __ _ 

Sand., ________ " ________ __ 
Olay .. ____________ c _____ _ 
Sand, __ ' ~ _________ ..• __ __ 
Sand and gravoL. ______ __ 

4 
30. 

8 
40 
16, 

AlluviUm-Oontinued 
Lower member: 4 Gra,v,eL ____ , ____________ _ 

34 Paso Ro bles formation: 
42 ,Clay and graveL ________ " 
82 Sand, hard, and grave1 ... 
98 

43 

3 
21 
61 

2 

22 
3 
2 

16. 

13 
26 

2 
42 
1 

.49 

47' 
G 

10/34:-12Jl. F. N. Silva. On Santa M~ria plain. AltltuQe 255 feet 

[Casing perforated 110 to 114, 125 to 15.1, 192 to '206, 224,to,228; and' 233 to:237 feet] 
,; 

Alluvium: 
Upper member: Soil __ .. __ . __ .~ ______ . __ •.• 

Sand and gra veL ________ _ 
Gravel an d sand .... ____ __ 

Lower member:' ' GraveL .• __ . ___________ __ 
Sand, ... ______ " _________ __ 
Gra yel •.•.. c ___________ __ 

Paso Robles formation: Clay. ___ ." _____ " ________ . 

5 
85 
10 

14 
8 

88 

23 

,Paso Robles.formatioll-Oon. 
Sand and some graveL •• _ 

5 sand and gravel_ .... ~c __ _ 
90 Gravel, hard ____________ _ 

100 Olay, blue _____ c _________ • 
Gravel. _____ .•• ____ ,, __ __ 

114 Gravel, hard .. ______ •• -'. 
122 Clay, blue ______ • _______ __ 
155 Sand. _____________ .. ____ • .' 

Olay, blue... ____________ . 
178 

12 
15 
23 

5 
4 
7 
6 
G 
1. 

151 

154 
175 
236 
238 

120 
123' 
125 
141 

154 
180 
182 
224 
225 

147 

194 
200 

J 
"·1 

c1 

1 
;j. 

SELECIlED WELL LOGS '151 

TAliLE 16.':":'D;illers 'i'eeo'rdsa! wells' in the Santa Maria Valley area-Contiuued 

10/34-"13G1. . La Brea Securities Co. On Santa Marla plain. Altitude 253 feet 

. [Oasing perforat~d 136 t~ 160,165 to 170, 344:t~ 350, a63 to 373, and 390 to 395 feet] 

--~-------- ------1-----.,.-----------
Alluvium: Paso Robles formation-Con. 

Upper member: Sand, clay, end graveL ___ Soil ____ . _____________ . __ ' __ 
5 5 OJay _____ .: __ • __ • ________ 

Sand and graveL _____ " __ · 55 60 Gra vel, not water·bearlng. 
Gravel and boulders __ " ___ 40, 100 Olay, bard _______________ . 

Lower member: Clay, bard, and graveL ___ San d •• _______ -' ____ • ______ 17 117 Clay, blue.; ___________ " __ 
Gra veL. _______ -' _________ 11 128 Gra vel. __________________ 
Sand, hard, and graveL .. 8 136 Olay-aad gravel.' ________ ~ 
Gra vel •. _________________ 12 148 Gra ",)1. __________________ 
0lay and graveL .•• ______ 4 152 ,Clay ;~nd;i!n:i"'eL----"---GraveL .. _____________ .-- .6 .I5S Gravel and sand, loose .. __ 

Paso RDbles formation: Clay and gravel .. ______ ,_ 
Clay and graveL •• ______ . 7 165 Gra vel. _ • ________________ 
GraveL. "~c ___ c _____ ,_::: 3. '168 Clay, gravel, and sand ____ 
Olay and graveL _______ ... 6 174, 8andand some gravel_ ... Olay,. : .. ____________ .. __ ' 40 214 ClaY,hard __ • ____________ 
Sand .• --____ • ___________ c 6 220 

10/34-14E3. Oi ty of Santa Maria. On Santa Maria plain. Altitude 225 feet 

[Oa,ing periorated 87 to 109 and 164 to 181 feet] . 

Alluvium: 
Upper member; 

,SoiL_c. ____ . ________ . ____ _ 
Sand, ______ .. __ .. ______ __ 

~ .. ~" __ Olay,. sandy •. _" ____ • _____ . 
Sand •. ~ _________________ _ 
Gravel •.• ____ "." ____ •• _,. 

,Clay _-'. ________________ __ 

..... , gI:;"e~= ~::::=========::== . 
Gravel, cemented ________ ,· 
Sand and graveL ________ _ 
Gravel,oleiin.. ________ • __ . 

5 
35. 

2 
10 
4 

, 8' 
,3. 
2 

16 
S 

1 
6 

42 
44 
84 
58 
66 

.. 69 
71 
87 
90 

Alluvium-Continued 
Lower niember: OJay ... _________________ •. 

Sand. __________________ __ 
Sand and gr.yeL ________ _ 
Clay, sandy.c __________ __ 
Gravel and sandy clay ___ 
Gravel, Glean ___________ __ 

Paso Robles forI);l."tiom ' 
, ., Sand and some pebbles __ _ 

GraveL. ______ .c __ c ____ __ 

10/a4-IGNl. E. aud G, LeRoy. On Santa Maria plain. Altitude 187 reet 

[Casing perfOrated 89 to 119,135 to'160, and 175 to 206 feet] 

Alluvium: 
Upper member: Clay •. __________________ _ 

S and_. ____ c •• __________ __ 

Clay and,griivel. _____ ~~~.· 
Lower member: . 

Gray"1 and boulders __ • __ _ Sand _. ____ ~ ____________ __ 

6 
71 
12 

30 
16 

6 
77 
89 

119 
135 

Alluvium-Oontinued 
Lo·wer member-Oontinued' 

Olay and gr. veL _______ __ 
Gravel and boulders ___ .", 

Paso RQpl¢s formation;· ' Clay ... ____________ " ____ _ 
Grayel and houlders ______ . 

, 10/34-~BD 1. D~n Donovan. On Snnta .Jvlada plain. A.ltitlude 147 roet 

Alluviuni; 
, Upper member: 

~~~d~~~~~:==:==:=:====== .... ~. Clay .... _____ .___________ " 2 

. ~~~~:~=========::~~==='=.~~ "". ~~. Olay, sandy ______________ 16 
Lower member': 

Gravel and sand _____ ,_____ 6 
Clay __ .. _________________ ·6 
GraYeL __________________ ' 4 

3 
8 .. 

10 
32 

. 74 
90' 

96 
102 
106 

.' Alluvium-OontulUed 
Lower membel~Cont.inued 'Olay •• _____ • ____________ _ 

Gravel.. __ ~ ______ c .... ___ 
I. QUicksand 11 ____ ~ __ .... __ ... __ 

'. -Gravel _. _ ~_C_".c _____ " __ _ 
Paso Robles formatioUl Clay .••. _____ c __________ _ 

Grayel, ,cemented __ • ____ _ 
Gravel •• ________________ _ 
Clay_. _________________ __ 

10 
33 
15 
42 
22 
2 
2 
9 
5, 
3 

10 
19 
2 

30 
. 6 
20 

19 
1 
7 

19 
21 

7 

2 
11;; 

17 
8 

15 
35 

2 
14 
10 

9 

31 
2 

18 
12 

230 
263 
278 
320 
342 
344 
346 
3M. 
360 
363 
373 
392 
S94 
424 
430 
450 

109 
110 
117 
136 
157 
164 

166 
182 

152 
160 

176 
210 

10.8 
122 
132 
141 

172 
174 
192 
204 

1 r 
J 
I 
Y 
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152 GEOLOGY AND GROIJND-WA?,ER,SAN.TA MARIA VALLEY, CALIF. 

TABLE 16.-Drillers records of wells in the. Sa,nta. Mari':1 VaZleyarea-Continued 

. lO/34-18Pl. . Olga Giacomini. 0" Santa M:,~ria plain. ;l-ltilude 15~ feet 

,[Oasing perforated 9,5 to 120, 155 to 180, and 188;;0234 feet] 

Alluvium: 
Upper member: . 

Soil, sandy .. __ " _________ . 
Sand .• __________________ _ 

RIa): -. -----,-;---.:..-----.;.--­
II Q.ulcksan,1 -------------Hardpan _____________ _ 

Lower member: 
Gravel, coarse, water .. 

11:Jl~~~l::nTj~~~=======:=':== Olay and graveL, _______ _ 
Gravel, fine, dirty ______ __ 
Olay, yellow _____________ _ 

Thick· . Depth 
ness' 
(feet) (feet) 

8 
38 

3 
. 31 

8 

19 
2 

12 
15 

9 

8 
46 
49 
80 
SS 

107 
109 
121 
136 
145 

Alluvium-Oontinued 
Lower member-Oontinued . Silt _____________________ __ 

Olay •.• _____ ~ __________ "_ 
Gra.vel, coarse __________ ... _ 

Paso Robles formation: OJay, yellow ___________ ~ __ 
Gravel, coarse _____ ... _ .. ___ _ 
ClaY'and ·graveL _______ __ 
;fravel, CO?fSB_ ... .:._ ............ ___ ... Hardpan _________ .. ___ _ 
Gravel, coarse ___________ _ Olay. ___________________ _ 

" 

Thick. I Depth 
ness 
(feet) (feet) 

5 
14 
10 
2 
5 

41 
3 

148 
149 
157 

152 
175 
186 
188 
193 
234 
23.7 

··10184-20F1. UJiss. Tognazzini. On Santa Maria plain. Altitude 172 feet 

[Oasing perforated 90 to 130, 140 to 175, and 195 to 238 teet] 

AJluvium: 
Upper member: " SoiL ____________________ _ 

San d_. __________________ _ 
Sand and streaks of clay __ 

Lower member: GraveL. ________________ _ 
Clay and graveL __ . _____ __ 
GraveL ___________ : ____ __ 

.6 
24 
45 

33 
3 

19 

Paso Robles formation: Clay ____________________ __ 
6 Gr"vel and boulders ____ __ 

30 Clay ________ -. _______ " __ __ 
75 Gravel and boulders" ___ __ 

108 
111 
130 

Olay _. _ • _______________ _ 

10/34-21G1. J. Moretti. On Santa Mkria plain. Altilude 196 feetil 

[Oasing perforated 160 to 150 and 108 to 218 feet 

Alluvium: 
Upper member':' SoiL _____________________ _ 

Sand .. ~c _______________ __ 

Gravel and' sand __ ~ _____ __ 
Lower member: 

OJay and boulders _______ _ 
Sa.nd, gravel, and boulders. 

7 
33 
45 

15 
35 

Alluvium-Oontinued 
Lower member-Oontinued 

7 Gra"el and boulders _____ _ 
40 Paso Robles tormation: 85 Clay ___________________ "_ 

Gta'l'el and boulders __ .. __ 100 Olay ____________________ _ 
135 . Sand, gravel, and boulders. 

10/84-22R1 •. ·G. J. Wheat. On Santa Mari~ plain. Altitude.217 feet 

[Oasing perforated lUi. to 242 feet] 

Alluvium: 
Upper member: Soil, sandy _____________ _ 

Sand_. __________________ _ 
IIRardpan," clayey ______ ~ 
GraveL ________________ __ 
OJay and graveL ________ _ 
GraveL. ________________ _ 
Olay and gravel ________ __ Sand. __________ c _______ __ 

Lower member: 
Olay and graveL ________ _ 
Sand and graveL _______ __ 

6 
27 
11 

5 
6 

14 
" 15 

8. 

2 
14 

6 
33 
H 
49 
55 
69 
84 
92 

94 
lOS 

Alluvium-Gtmtinued 
. Lower mewber-Oontinued . GraveL _________________ _ 

Gra.vel,' not water-bearing_ GraveL ____________ Cc __ __ 

Gravel and streaks of clay_ . GraveL ______ ~ __________ _ 
·Clay, .. _________________ __ 
GraveL ________ .. ______ __ 

Paso Robles formation: 
Gravel and clay ________ __ 
Olay and sand _______ ~' __ __ 

10 
36 
20 
42 
8 

25 

8 
50 
24 
6 

6 
4 
6 

12 
4 
2 
4 

103 
3 

140 
175 
196 
238 
245 

160 

168 
21S 
242 
24& 

114 
11S . 
12" 
136 . 
140 

·142 
146 

249 
252 

J 

SELECTED. WELL" LOGS 153 
TABLE 16.-Drillers records oj wells in the Santa lVlaria Valley area--;--Colitiuued 

lOI3'o-23L2. !~.>A. Newlove •. On,S~~nta:Mar;a ~lain:" '4ltit~de';282 fe .• t 

[Oasing perforated 158 to 214 and 226 to 266' feet} 

Alluvium: 
·Upper member: 

~~~d-.-~=:::::========::::= Olay and graveL. _______ " 

Lowc:(?)e~ember:-----------
L S\IIld and graveL ________ 

ower member:' . 
OlaY,:·:B.ard, and boulders_ 
GraveL' .• _____________ " __ 
Olay and gravel. _________ 

T~~~~. Depth 
(feet) (fe~t) 

5 5 
31 36 
4 40 

40 80 

20 100 

20 120 
5 125 

24 150 

Alluvium-Oontinued . 
Lower member-Oontinued 
.' Gravel and sand 

Pa.so Robles forma.tion: ---------
Gravel and boulders 

cemented.. ____________ ~_ 
gl~y::",nd graveL ________ 
OJ Y • -------------------Gayan';l"graveL ________ 

01:;.e: = = =:=:::::===:::::= 

Thick,· Depth 
(?e~t)' (feet) 

158 

42 200 
14 214· 
10 22. 

4 228 
.38 256 

4 270 

10/34-24Kl. Union Oil Com.p. any of Californ·,a. 0 S M n anta aria plain. Altitude 254 feel 

[Oasi.l;lg perforated 65.0 to 657 and 692 to 710 feet] 

Alluvium: 
Paso Robles formati~n-Oon. Upper,member: SoiL __ " ______ . ____________ 

5 5 g[:v"b-arif~--------------Sand and graveL _________ 25 30 Griv:eland- ciii·c---------Gravel and houlders ______ 30 60 Sand and graveL _________ 14 74 ~{;d~:::::=====~===:::::: Lower (7) member: . 
Gravel and boulders ______ 41 115 Griv~r;.~lf::tik.-----~---Lower member: 
is{:vel and sand __ " _______ 5 120 

Gravel and clav ---------
Sand and aTave(---------

Gr:';:ej,- s~n-d-alld-ci .. i= ==: 6 126 Gravel an day ==:==:::== 19 145 GraVel,. sand, .. and blue Gravel, water-bearing ____ 9 154 .P,,",o Robles formation: 
clay ... ____________ .--___ 

8favel, water·bearing. ___ 20 174· 
Sand, ·claYey _____________ 

10 184 
Gravel, hard, andsand ___ 

~i~~~ ~~l~t~,~:~=====~===:== 14 198 
Sand and olay, sofL ______ 

10 208 
Sand ~nd gravel, water-

8l~y and boulder~ _______ 1.0 218 
. bearmg ____________ c_· ___ 

12 23.0 
Sand, hard,audclay _____ 

y .. ' - ------------------ gr:vel, hard _____________ 
~t~d andgrayeL_. ______ 10 240 Y - ____________________ 

Grivel: = =::=:::=::=====::-:: 28 268 Saud and some gravel, 
30 29S 

gl~lders, gravel and day_ 16 314 
loose ___________________ 

5 319 
Olay and gravel. _________ 

Gr!v:-er =: ==========::===: Sand and ,gravel, water. 
19 338 G bearing ________________ ·c glay. and graveL _________ 63 401. lay, hard _______________ 
16 417 

o ravel, packed .. _________ 
onglomerate; ________ -.. 

10/34-27 n. J. Morrison. On Orcutt upland. Altitude 246 feet 

.Dune sand: 

Orcutt t~::~ti;'n:----------------­
Upper member: 

l'Eardpan l
' ---.. - ... --,-------

Low~~~emb;~:----.. --------
Olay ,and graveL _______ _ 

.} 

72 

35 

2 

3 
75 

11.0 

Paso' Robles formatio';; 
GraveL ___ ._~ _____ __ 
glay and gravel ____ ::=::= Ora vaL. --------________ _ 
Gay, sandy -----____ • ___ _ ravel. _________________ _ 

4 
43 

4. 
30 
15 
3 

Hi 
11 

11 

58 
8 

21 
13 

7 
4 
8 
5 

10' 
8 

18 
4 

(7) 

25 
1.0 
20 
11 
4 

421 
464 
458 
498 
513 
516 
526 
537 
539 
550 

60S 
516 
637 
65.0 

657 
661 
669 
674 . 

684 
59,2 

710 
714 
714+ 

135 
145 
165 
175· 
180 
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.. 1 SELECTBlD WELL LOGS 155 

154 GEjOLOGYAND GR01JND~WATER) SANTA MARIA VALLEY) CALIF. 

TABLE 16.-Driller$'records of wells ii~ the Santa ]{aria Valley area-Oontinued 

10/34-28Cl. Stephen Nichoiai.On Orcutt upland. Altitude 215 feet 

[Oasing perforatad 188 to 191 feet] 

j 
-:1 
'~ 

1, TABLE lO.-Drillers records oj wells in the Santa Maria 'Valley area-Oontinued 
10/35-5Jl. Union Sugar Co, On Santa Maria plain, Altitude 79 reet 

[Oasing perforatad 137 to 144, 176to,'i88, 225 to 23,0, and 250 to 280 feat] 

Orcutt formation: 
Upper member; , ' 

Sand __ •• ________ ••• ___ '_' 
I (Hardpan') __ .... ________ ..... __ 
Olay, yellow. __ • ___ •.• __ ._ 
Sand. ___ • _______________ _ 
Olay and gravel. . _______ • 
Sand ___________________ ._ 

Lower meDiber: 
Olay and"gr~veL---------Sand and graveL ________ _ 

3 
35 
12 
17 
10 
11 

14 
12 

10/34-3001. Ullion Sugar Co. 

3 
38 
50 
67 
77 
88 

102 
114 

Paso' Robles formation: Clay _. ________ " _________ • 
Sand !>nd graveL ________ _ 
Clay __ .. ___ •• ________ •• __ 
GraveL _. _________ • ___ , __ 
Clay. __ . _____________ • ___ 
Sand and graveL_. ______ _ 
Gravel and saneL __ • _____ _ 

On OrcuH upland. _,Altitude 182 feet 

8 
29 
12 
6 
9 
7 
7 

m 'l 
i~~ ,'j 

ml 
, ,:'1 
;I . 
J 
I 

Thick· 
ness 
(feet) 

Alluvium: 
Upper,mamb,er; 

SOiL .. c __ " ________ ,c-------
Olay, sandy, ye.llow --'7C-, Olay, yellow .. _____ • ____ __ 
Olay" blue ______________ __ 
'Sand-, , b1ue _______ c ______ .. 

Lower'memb,er: 
Olay, blue _________ .;"'. ___ _ 
Gra vel •. _____ c _________ __ 
Sand, yellow .. ____ ~ ____ __ 
,Gravel '" __ .;-__________ ~--

{ 
6 

22 
35 
31 

39 
7 

20 
3 

,Orcuf>t formation: Orcutt formation-'-Oontinued, 
, Upper member: , , 'Upper member-Oontinued 

'1 
I~L<~ 
1l5;',li.~ •.•.. 

10/35-7F1. M: 'J. Ellis. 
Sand_ . _______ . _________ _ 
Sand, bard. ________ " ____ _ 
Olay, hard, yellow __ • ____ _ 
Sand_. _______________ • ___ 
Olay __ • ____ " ___ • ________ _ 
Sand, water·bearing. ____ _ 
Sand. _______ ,--_________ " 
Olay, yellow ______ ~ _____ "_ 

2 
1 

17 
15 
10 

,15 
21 
2 

2 
3 

20 
35 
45 
50 
81 
83 

Sand, fine_. _____ ~ ___ ' ____ _ 
GraveL •• _______________ _ 
Sand, fine ______________ __ 

Lower mem.?,er: " Gravel, good _________ _ 
Sand arid clay ___________ • 
Sand, fine _______ ~--------

4 
15 
13 

153 "',' ' 
163).2 .... ,: 
165. 

"l 

Alluvium: 
Upper, member: SoiL _______________ , ____ ._ 

,tlQuioksand" ____________ _ 
Lower (1) member:' 

Sand and str~a)r,s, o(clay_,_ 
Lower mem·ber; 

Gravel; smalL .. ________ _ 
Sand and clay __ , _________ _ 

Sand ____ .________________ 15 Clay__ ___________________ 5 Sand ____________________ _ 

Lower member: 11 136' GraveL,-----------------. 15 Olay_. ____ ~ _____________ _ GrayeL_,~~_______________ Sand and streaks of clay._ 
Olay _. _________________ __ 
OJay and sand __________ __ 

10/35-4P1.' Campodonico ,Vater Co: On Santa Maria plain. Altitude 85 feet -.' Clay, sticky ____ ~ _______ _ 
Olay and sand ___________ _ 

[OaBing perforate~ 165 to 194, 212 to 226, and 232 to 246 feet] ",:;,.""",~j","'J,:,.',,:,. ',' Low~0~ ~~~el:::-~--------
" 'Sand, gray, and clay ____ __ 

Alluviurri~Continued ,"'1" Lower member: , Alluvium: 
Upper member: SoiL ____________________ _ 

Olay __ . ,, _______________ • 
Olay, sandy ____________ __ 
Olay, yellow ____________ .. _ 
Sand ___________________ __ 

Lower member: 
Sand and graveL _______ __ 

6 
41 
17 
10 
33 

6 
47 
64 
74 

107 

Gravel and, some sanL__ 20 . .?~;~_~~_~:~.:".:'======= 
Paso Robles formation,.. , 18 212 ,.,~~" .' Sond and some graveL __ _ Clay, sandy _______ c______ 01' 

Clay, sandy., and graveL_ B 220 ,I.:' , ay ______ , _____________ __ 
Gravel and clay _________ , 6 226 "'; , Grav81 and: Sand. ____ c __ _ 

- ,Olay, yellow. _____ ~------- 6 . 232 ,c';" '. Saud and some graveL ___ 

6 
94 

40 

5 
47 

<l 
6 
6, 
4 

30 
12 
10 

2 
14 

9 

21 

7 
8 

29 
16 

4 
9 
4 

Depth 
(feat) 

Allu'v.ium-Oontinued 
Lower member-Oontinued 

4 Olay, yellow ______ ~ ____ " __ 
10 Gra veL,. _________________ 

' 32 Paso Robles formation: 
' 67 Sand and clay ____ , _______ 
' 98 Sand, 'Yellow _____ ,--C-----Gra veL. _________________ 
137 Clay "yellow ______________ 
144 Sana;- yellow __ • __________ 
164 GraveL _____________ c ____ 

16,7 " Clay, blile.--: ___________ c_ 

On Sari ta Maria plain. Altitude 48 :(eet 

Allu'Vium...cOontinued, 
Lower membel"7-00ntinued 

6 Clay 8l:!d graveL. ________ 
10,0 , Gravel; clean _____________ 

Paso Robles formation: 
140 Olay __ .• _________________ 

Sand _____________________ 
145 Olay _ •. _______ '-______ : ___ 
192 

Paso Robles formation: 
Sand and clay, SGlidc __ .,_ 

4 'Clay andgravel __________ , 
10 Sand _" __________________ 
16 Sand, clay, and some graveL 

'20 OJay, brown., sticky ______ 
60 Olay, blue _______ C_" ______ 
62 Olay, hard, sandy ___ ~ ___ ~ 
72 GraveL ________________ • 
74 Clay and streaks of graveL 
88 Olay, lighL _____________ 
97 Clay; blue _______________ • 

Olay, sandy, and some ' 
118 graveL • ________________ 

Grav~l and. B,ome clay. __ , 
125 Olay and gravel _____ c ____ 
133 Sand and graveL ______ , __ 
162 Sand. _____ " ______________ 
178. OJ.y ______________________ 
182 Gravel and sand __________ 
19i Sand and some gravel_. __ 
196 Sand, wbite .. ____________ . 

Thick- Depth ness (feet) (feet) 

9 175 
12 188' 

12 200 
15 215 

'15 =<30 
3 233 

12 2~5. 
35 280 
ll' 2,91 

18 2lO' 
15 225 

1 225 
19 245 
4 249 

7 215' , 
15 230, 
8 238 

11 249 
11 260 
4 264 
4 ' 268 
6 274 
7 281 
9 290 

17 307 

~~ , 318 
357 

4 361 
4 365' 
7 372 
1 373 

16 388 
14 402 
4 4DB Grav,eL _____ . __________ .. 

Olay, yellow _____________ _ 
Olay, blue ______________ __ 
Olay, sandy,,--_________ _ 

3 
2 
6 

11' 
9 

13 
13 

2 

, 110 
112 
117 
128 
137 
150 
163 
155 

Low~~:cle.:~e~~~~~~~."~__ 9 gi' \'~I(~' ~~~g'a;rd);'ardCi~y~~===== 

01 bl a 10 i" 242 ,_" _, Gravel andsan'd ________ __ 
G:.~eL~.::=======~====== ~ ~i~ ".~~ '---__________ ~ _____________ ~ _______ ....,;,.. _ ___'_ Olay, yellow ______________ , 
Olay, blu ... ______________ ~ , ~lt:f[,~> 

5 ,200 
8 208 

Olay, blue ______________ __ 
Sand __ • ________ . _____ ... __ 
Olay, yellow,, ___ ,, ______ __ 

Sand, solid __________ .____ _ ~ 

~:g-and-g;~veL::::==::' 2~ ~~~;,:.~'~.:: 

-:i 
:~~- , 

-, , 
"..::' 

930370-51-11 

I 
I 
1/ 
r 
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GEOUND-WAT])R, SANTA MARIA VALLEY, CALIF. 156 GEOr..OGY.AND 

1 S t M . Valley area-Continued TABLE 16.-Drillers records of wells int ~e an a ana 

C On Santa Mada plain .. Altitude 88 feet lO/B5-9Fl. WRller·Franklin Seed o. 

T:~~. Depth 
(feet) (feet) 

T~1;:'i Depth 
(feet) (feet) 

---III--------~-----I·---';1. 

l..lluYium: 
Upper member: 

SoiL. __ .-. ___ ..• _ .•• _ ••.• 
Olay, sandy._ •• _._ .••.•••. 
Sand_. _ ...••... , •••••.••. 
Clay, sai1dy~._ .. c""'_·' 
'Clay .••..•.••••••••.•••... 
:Sand .. -••.• c· .•••••• ·c ••• 

~~~t ~ ~ ~================. 

8 
23 

8 
17 
13 
22 

5 
8 

AlluYium-Oontinued , 
Lower member-Controued 

8 ·.Gravel, saudy .••••.•..•.• 
31 Clay ••••••.•...•...••.... , 
39 GraveL .••....•.•..•..••• 
56 Clay, yellow _ ............ . 
69 Clay, sandy •••••.•.•.••••. 
91 Gravel. .•.•...•..•..•••.. 
96 Paso Robles (1) formation: 

104 Olay, yellow ••.•••.•••.••• 

Campodonico Wa ter Co. On S anta Maria plain. Altitude 'SO fee! 

Alluvium: 
Upper member: 

SoiL_ .................... . 
Clay and sand .......... .. 

. ~j~~·,;;;d·;tT-.-.·k;-;,T;a,:;d:.: 
Lower member: 

Sand and. some graveL __ • 
Sand and graveL ......... 
Sand, solid, and. some 

gra vel. ................ . 
Sand an d graveL .......... .. 
Sand, solid, and some 

gravel ............. __ ... 

[Casing perlorated 162 to 180 feet] 

4 
4 

32 

5" 
10 

5 

4 
8 

40 
95 

105 
110 

116 
122 

131 

Alluvi~m-Continued . 
Lower member--Oontlllued 

Sand_ ... __ ... ". __ ... __ ... 
Sand, solid ............. .. 
Gra vel ................. .. 
Clay .................. .. 
Sand .a:nd some graveL' __ 

1 Olay _ .......... " •••.•••• 
Gravel. _ .... __ ......... .. 
Sand and small gra veL ... 

Paso Robles formation:. 
Olay a:nd sanL ........ _. 
Clay, blue __ ....... ____ ... 

M . l·n Altitude 105 feet 10/35-:-10Fl. Ernest Wineman. On Santa ana p a1 . 

[Oasing perforated 154 to 168, 185 to 192, and 214 to 234 feet] 

Allu"ium: 
Upper member: 

A do be __ .... ;· .. "._,, __ . __ 3 
Streaks of sand and clay __ 52 
Clay, blue, streaks of 

sand .. __ ... __ ........... 55 
Lower member: 

6 Gra-veL .. _____________ , ___ 
32 gl:ZveJ andsa~d;flr~:;stY71-

6 not water-bearing .... _ .. ___ 
14 Gra :vol. ., .. __ ..... _____ .. 

OJay ________ ... __ .. ______ 1 

10/35-11J1. E. and G. LeRoy. 

Alluvium: 
Upper. member: 

~~;[!'a{;(lBt;eak-ofciay~~= 
Sand .• ___ ....... __ ~ ..... _ 
Clay ___ ..... __ ....... ___ . 

Lower member: . GraveL _ .. _______________ _ 
Sand ___ .............. _ .. _ •. 
Gr. vel.. __ .. ___ . ____ .. __ • 

3 
27 
26 
48 

13 
17 
15 

Alluvium-Continued . 
Lower member-Contmued 

3 Sani! and some graveL __ . 
55 Gravel. ___ .. ______ ........ 

Paso Rqbles formation: 
110 Olay and sand. ___ ........ 

Olay, blue ..... ___ ........ 
116 Gravel_ .. _______________ ... _ 

148 Obl' _____ ... __ ...... __ .. _ 

154 
Sand _____ ..... ~.-------.. 
Olay, hard .. ______ .. __ ... 

158 Sand and clay __ . __ ....... 
169 

On Santa Marla plain. Altitude 133 feet 

3 
30 
56 

104 

117 
134 
149 

Alluvium-Continued 
Lower member-Continued 

Clay, bluB_ .. ____ . ____ ... 
Gr. vel. • ______ ... ______ __ 
Clay __ .... ___ .. _ .. ____ . __ 
Gra veL ...... __ .... ____ __ 

Paso Robles formation: 
Sand_ ..... __ .... ____ ... __ 
Clay .• _. ____ ..... __ .... __ 

4 
2 
9 

19 
14 
43 

9 
5 
5 
5 
5 
I 

J9 
10 

22 
4 

16 
7 

8 
14 
20 
4 

14 
11 
4 

13 
8 
8 
7 

27 
3 

108 
1JO 
110 
138 
152 
185 

198 

140 
145 
150 
155 
l60 
161 
180 
190 

212 
216 

105 
192 

200 
214 
234 
238 
252 
263 
267 

: 

'SELE:OTED WELt··'bOGs·;'· '.' ".:': .·;;,.;,.i\\;i!'D157iL 

'TABLE 16.~Driller8: records of wells in the' Santa .. 1I1aria· Valley ai.ea-'--Continued'; 

10/35-12Bl. E. and G, LeRoy, , On Santa 'Maria plain •.. AI!i1ude 145 feet' 

[Oasing perforated 135·to 180 feet] 

T~~;:- Depth 
(feet) (feet) 

.. ~.:,." 
i I ~:.' .' 

'1· '.AlJuYium: .• Upper member: 

J ~l~ta~~:~~~~~~~=::=:=== 

I 
"I 

T~~~:. Depth 
(leet) (feet) 

. Alluvhuu-Oontinued 
,': ", Lowe.r mem ber;"Continued 3 3 Olay and sand __ .... __ ~ ___ 

19 128 21 24 Olay ••• __ ...... ______ .. __ 
7 135 26 50 Gra veL _ •• ____ ........... 

45 100 10 60' ill ~1~L=:===:==::========= 
.' •. Low~;~embe~~"""'--~"" 
: Gr~ vel. _ , ....... " .•.• _____ . 

Sand aud boulders,., __ •·• 5 185 35 95 . Paso Robles formation: , 7 102 Clay aud sand .... _____ .... 25 210 Olay ___ -----.. --__ .,.c __ . 
-;,/ 

4 214 7 109 

.: ~ . , 

lO/35-I4Dl. Moretti and Magoria. On Santa Maria plain. Altitude 124 fee! 

[Oasing perforated 102 to 112, 152 to'160, 198 to 200, and 265 to 30a (eetJ 

J!.lluvium: 
Paso Robles formation;' .: Upper member: 

Olay; ____ ....... __ ....... 
64 264 

. Soil, clayey ___ .... __ ....... 15 15· Olay and gr.aveL ......... 3 267 : Cl~y and streaks of sand._ 70 85 Sand and' g~aveL .. __ •• _ 7 274 . :. Olay, blue._ ............. 2 87 Olay and graveL_ .. ___ ... 6 280 
Sand; blue ......... __ ." ... 11 98 Olay •. , _____ .. _. __ ....... 

2 282 
Clay, brown ..... _ ..... __ • 3 101 GraveL. __ ... _____ ....... 

3 285 
Lower member: 

Olay .• ____ .. _____ ......... 
1 286 

Gravel. ....... __ ...... _ ... g 110 Gr" veL _, .~ ____ ........ __ 3 289 
Clay, blue __ ... ____ ....... 25 135 Clay .. -'_ ... ___ .. ____ ..... 

3 292 
Olay, sandy, blue .. ____ .. 11 146 GraveL ... ~ .............. 12 304 
Clay, blue~ __ ... ~_ ...... __ 6 152 Sand and some graveL ... 23 327 
Gravel _____ ... __ ........ 

8 160 Olay. ~ _; ... _____ .... __ .. _ 
(1) 327+ 

Clay and sand ............ 33 193 ',. Clay and gmveL._ .... _ .. 5 198 
'\ Gravel __ . __ " __ ..... ____ .. 

2 200 

: ,~ . '. 
10/35-15M2. Union Sugar Co. On Sallta Maria plain. Altitude 98 feet 

'i AJJl1vinm: 
.'. ':j . Upper member: 

,,' SoIl, sandy _ ...... ______ ... 
Clay, yellow ........ ____ .. 
'OlAy, blue.,. __ c .. ____ • ___ 
Sand, blue, and clay. ____ _ 
Sand, blue, ____ . __ . __ ... __ 
Olay, blue ...... ________ __ 

Lower nlSmber: 
Sandstone, blue ____ . ___ .~ 
Grav-el.. ____ .... _____ .. __ 
'Olay, yellow, a:nd grav-eL. GraveL. __________ .. ____ _ 

13 . 13 
21 34 
39 73 
6 79 

15 94 
9 103 

i08 5 
7 116 

30 145 
10 155 

Alluvium-,Oontinu'ed 
Lower lUember~Continued 

Clay and graveL ____ • __ .. 
GraveL. __ .. _____________ 

. Clay, _. __________ ." __ .~ .. 
GraveL _____ . __ .. __ .... __ 

Paso Robles formation: 
Olay and graveL_ ... __ ••• 
Clay, yellow, and sand ... 
Olay; hard, blue __ ~ ... ____ 
Gravel. • __ c, .. _. __ .... __ •• 
Olal',hard, yellow c---__ •• 

11 
9 
3 

14 

10 
24 
38 
35 
7 

9 
28, 
3 

32 

5 
12' 
6 

165 
175 
178 
192 

202 
226· 
264 
299 
306 

144 
172 
175 
207 

212 
224 
230 

I 
f' 
I 

I / 
!/ 
(' 
I 

! 
I 
I, 

I 
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',' SElLECTED WELL LO GS' . "'159 
158 .GEOLOGY AND GROUND-WATER; SANTA :MARIA VALLEY) CALIF; 

TAJ3LE .16.-Drillers records of wells in the Santa Maria Valley area-Continuedl 

10/35-17D1 . .Dnion.Sugar··Co. On Santa Maria plain, Altitude 6" teet 

'I 
], • 'TA:i3LE l6.-Dr.illers 'r~cord8 of ~en8 in the Santa: Maria ~alley ai-ea"':'Cont~i:J.tied . 

,'1 

(Casing perforated 100 to 128, 181 to 185, 199 to 216, and 228 to Z43 feet] 

T:~~- . Depth, 
(feet) (feet) Thick· Depth 

"j 
'J 

10/as-12K1. ' Union Sugar Co. On Santa Marla plain. Altitude 30 feet 

[Oasing perforated,I75 to 208 feet] 

Thick· ness . Depth 
Thick·' 

(teet) .' (feet) 

--~------~~I.~~ 

ness.' ·Depth 
(feet) (feet) 

I __ ~ ___________ L~~ 
(~::;) (leet) 

--,"---~--____ --I-----II------------~I~---' 
I \ 

Alluvium: l; . 
.A.lluvium"::'Continued 1 

~Jluv)um: 
'Upper member' 

~~?:~;~=e~~=:=:====:::== 
5 . 

10 
sa 
10 
20 
30 

II 
15 
,,0 
6~ 
80 

no' 

..\lluvium-Oontinued 
Lower member":'Oontinued ' 
.. Clay, blue ___ _ 

Olay, blue, andsa:nci---" 
Sacrd, yellow, and b'oiiJ:-

18 
30 

. 130 
100 

''1 

UPPs~it_~~~:l--------------
SoH, sandy; -------------­
OJ~y,·blue-'-------------­
Clay; salidy, blue_ - ~----­
Cl~y, sanat, yelloW ------

,. Lower inliinber~ . 
; ,.: Sml.d Bnd g~aveL------.--

Sand .. ----4-----.. -------Cliy, hard"blue __________ , 
Sand._. __________________ _ 
Olay, blue __________ ------
Gravel aJ;1d clay, hard ___ _ 

4 
4 

14 
64 
11, 

31 ' 
4 

18 
3 

19 
10 

Lower member-Continued 
4 

. Sand and gravel ____ , _____ 

8 
Gravel and' slay, h'sra. ____ 

22 
Gravel; cemented __ - -.----

86 
Sand and gravel __________ 

97 Paso Robles lormatJon: 
Sand, line, yellow - - ------

128 OJay, sandy, yelloW ------
132 Sand and some ,gre vel_, o-

150 Clay., yellow --------------
153 Sand arid streaks of gra vol_ 
172 Clay, hard, sandy --------
182 

10/35-21Bl. C. P. Mathison. On Sa.nta Maria pia;n. Altitude 91 feet' 

[Oasing perforated 102 to 118, 134 to 136, 145 to 175,246 to 248, a.nd 25l' to 300 feet] 

Alluvium: 
Upper. member: . 

Soil ____ .-c -----------.---- 5 Clay __________ .__________ 15 
Sand and clay ____________ 20 
Sand _____ :.______________ ao 
OJay, dark _________ ------ 32 

Lower member: Grflvel ... ____________ --__ 16 
Olay, yelloW _____________ • 4·' 
Sand, clay, and gravel.___ 12. 
Gravel. ____ .-----~---.--.-- .2 

A.lluvirim-"Continued " 
Lower member-Continued 

5 . Glay ~nd gravel..--------20 Gravel ________ • _________ _ 

40 Paso Robles formation: 
70 Clay -- - .----.------------102 Clay and gravel _________ _ 

Gravel. _ -----------------
118 Clay -' ,- -----------------
122 Gravel_. -----------------
134 Sand,. clay, and graveL--
136 

10/35-2ZR1. J. A.. Brown. On Sallta Mnriaplain;. Altitude 113 feet 

(OE>5ing perforated 143 to 1.68, and 176 to 186 fellt] 

Alluvium: 
ADuvium-COl)tinued 

Uppal' member! . . 
Lower itlember-OoJ;1tJnued 

SoiL _____________________ 2 2 Olay and graveL----_---

Oiay __ -' ----------------- 5 7 
. 'Gravel, clellD.. ____________ 

5 12 Sand, yellow, and gra vel __ 

2 
lR 

2 
17 

4 
. 8 
n 
Z 
8 
7 

9 
30 

66 
6 
2 
3. 

49 
10 

5 
13 
a 

18{, 
197" 
199' 
216. 

220' 
228; 
233:· 
235· 
243" 
250' 

145'· 
176" 

240 
246. 
248: 
251 
SOO 
310'. 

J 
i 
I 
'j 

I 

01a~;i:iiu8~-and __ sand----:' . 
S.and, yellow .-:--

Lower member; .---------.--
. Boulders. _ • ________ " ____ _ 2 112 

6 ersi--------------·---
Paso Roblresavf~' -- --ti~-------------: 

Cle. orma on: . ' . y, blue __ • __ • ____ :~ ___ _ 

,i . 1l/34-29N2. J l' Cd' 

(Oasing perforated 118 to i28, 204 to 243, 279 to 288, alld~~6 t; 329'ieet] 
";"'1 0 mana a. On Sal\ta MIlr!a plain. Alt.llude 156 teet 

1 . .Alluvium: . . . . . 
'j . UPP:~ll~:~~~: , Paso ROJ~~forina.tion....,00~. 
1 L Sand and Some-graver--- 9~ 2 Olay; sandy.-:;~igIiiF-----
J . ows~~e%i~~r:" •• -- 92 OJay, sandy, Ted.."_~~:::: 
fl' . Gravel,andsan·---------- 22' 114 Sand' and graVel, '~ight" __ 

. ,:;. . -Orcutt (1) formation: d, blue____ 9 128 gi~;' :~dfB.~f1t.--~---~ 
. " ' Olay! s~d------·------c-- 23 146 G Y. f sand ________ " __ _ 1 

. OJay bl . OJa d g - ---------

" lPaso RoPli;sfo~m .. fi'oKi'llOW------ 15 161 ofav~ -d---------------~-OJ bl Gr"'iv:f gra vel.., .. --"~--
I . Ql~Y" b ;11e.-_c .. -:-------.- 29 190 01 -h-I·--"-------------\ (J y, lOilil'rl____ ., . 14 204 ClallY, bVfI te ___ " _______ ~ __ 

~ _ • Sand; blue:---:::::::::::: . lay imd 'gra'V'6ll, _,;:::,:::::' 39 2'3' Y ue 

" ~ 

1l13~-30QL' ,Marr Bolton: On Santa Marl',. pl"ln. A AlUtude'148 feet' 

8' 
52 

. e5 

17 

B 
60 
95 

112 

AlluvJuDl-Oontim1ed 
Lower member-Oontlhued 

Gravel .. 
Cla bY ''-~---~----------. . Gr~el ue. _________ " ___ ." 

Paso 'Robles (?no~atfOii:--~'---
fland __ ~, ______ ;", ___ ". __ 

.. 

10 
38 

7 

2 
28 
6 

: 0 
3 

11 
4 

16 
Ii 
2 
7 

14 
~4 

, 

14 
.. !J7, 
14 

. ~3 

170 
208 

215 

245 
:213 

. 279 
288 
291 
3DZ 
306 
322 
327 
329 
336 
350 
364 

126" 
·153 
167 

180 

Sand_ - ----- --------------
Clay .• - ---.~-.------------ 39 51 Paso Robles formation: 
Sand. __ --_____ , _____ .:,-- ~ 13 64 

Clay, sandY, hard ________ 12 

Pebbles and smdy clay--- 11 7.5 Clay, solt, and "ash" 

Clay, blue _____ .----_----- 12 87 
sand.. ________________ .. _ 13 

Sand .. c ____ " __________ ·--- 15 102 Olay _. - -------.---------- 1 
Sand. ________ ~ ___________ 8 
Cla:;:, yellow -------------- 2 

206.: "/ :" 1l/35-19Eli Mar;v B 'En s 0 S ., ". " .' o. n anta Maria plain.. Altitude 34 feel 

. i~;.:~~'."~I~U~V;IU~'tn~;---.....,c-:--~[:..o:.a.s.,:lfn:g.::p::er:f:oTra:t:ed~3:50~.t~o~S~6~0~a~n~d~5~0~0~t~0~5~20:.~fe~e~tl __ .:..-'.-.-7-------
239' Upper member: Paso Robles formation.:·do;;: .' 
210' SoiL~_. . . 10 ,Clay 

28 350 Low'" member: Sand and gravel-_______ ._ 9 III 

OJay, belloW.-------.------ 16 126 
Clay, blue ______ -_________ 9 

Olay, lue __ c _____________ 15 141 
sand, blue ________________ 1 

OlaY, I ellOw--------------
2 143 

Olay, blue ________ ~------- 26 

Grave, sand, and olay_._ 8 151 
Olay, yellow _______ • ____ 2 

Clay and gravel, ce-
Sand and ~tavel---------- 22 

mm;tted ___________ · __ ~ ___ 17 168 Gravel an some sand7"--
6 . 

255,' ,", ..... '.. OSa]lld and-streaks-O'fclay-- 10 " Gravej-----.;------------
268" .... ! ,,' . ay blue.... -- 75 85" OJa" and--r-a-v-:'---------
290' ,,,; ... ,-oroutt.'(?) fo;matlon~------------- 30 115 Sand "II ~t" "'.-~-------
2961 ':l 1.: Clay and sand.. " Sand' held b:l-----------

____ -'--------.;...c.--.;...c.---.;...c.-----'-----------'---.;...c...:-..-'-' .~" ';J ¥'BSO R08i:~.fbiu:tlom ---------- 65. 180 8~iv~;saida~~:~y==-~-: 
10/S5-UBI. Union Sl,I'gar. Co; On Santa Maria plain, Altitude 144 [eet ' .. ' ::1' Sand and Jiay--~~------'- ~~ 200 Olay h d d 

[Oa.sing perforated 122 to 153, 159 to 176; and .178 to 288. feet] _",' " So°.anllaay~':b~-ll~-.e~=:::::::"=.:-: 10 ~~ , ;a~iv~-::'--~.--~~~:-28 273 OJ~: h:td:--------------
'.. ' San4~ an~e,;::i;------------- 15 288 Sand and ao;';;'.-gr--;v-'-s-l----

A.llllvium: A.llu:ioumvler-xno.o.:;tbiuer~'kontiIlued. ,; . ' . , . y-------~--~- 34 322 . Olay______ ~ ----
'Upper member; M = U 175,; "',' ,I~ ~-----'-7--'c......--~~...;..-2... __ .JL.....:.-_s:an~d~,~fi~ll~e~,~.-:::::::~:;::..:-:=:::::-=-L'_' _~.L_f 

Soi1-______________________ 8 8 Gr·avel. - - -----------"~--~ Sanel_. _____ ._____________ 79 87' P~o RobleS formation: . ., ,', " , 
Clay ___ ._________________ 15 102 Olay: _____ c_______________ 2 ,177' '. :' 

Lower member: .GraveL_._________________ 111 ·288' '''I 
GraveL.---------------- 51 153 Clay.J_. _________________ · 2 <:', 2~0<.> " 

Clay---------------------- 16 169 ' --,"~ .' 

3 353 
7 360 

40 .400 
20 j20 
26 44. 
6: 451 

5 456 
. 36 492 

7 499 
20 519 
6 525 

45 570 

~- .~~ ... -- ........ ~ ... "-' -.'-...... _.- ............. _- ........ -. ~ .............. -. - ......... . 

.. , 
~ . • .... 1:, 

I 
ii', ~'I 
", 
~.~ 

I 
i 
I 

r , 
I I. ".' 

!. 

\' , 
f',' 

I" 

I 
1 
j", . 
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,160 GEOLOGY AND GROUND~WATER, SANTA MARIA VALLEY, CALIF, 

TABLE 16,-Drillers records of wells in the Santa },{aria Valley area-Continuflci' 

ll/Bil-20El. Union Sugar Co. On Santa Maria plain. Altitude 49 feet 

[Casing periorated 150 to 444 leet] 

Thick· 
ness 
(feet) 

Depth 
(leet). 

Thick· Depth. 
. (~::t) (leet) 

Alluvium: Paso Ro ble~ formation: 
Upper member: Sand, yellow. ____________ 

Soil, sandy __________ c ____ 13 13 OIay, yellow ______________ 
Sand, yellow _ .. _____ ". ___ 14 27 Sand, yellow •.. __________ 
Sand, blue, and cobble· Clay, sticky, yellow ______ 

19 46 Olay,yellow _____ " ________ stones. : ________________ 
Sand, blue, and graveL ___ SandI blue, and rotten wood ___________________ 

18 64 Clay, blue ________________ 
Sand, blue _______________ - 20· 84 Sand, yellow, and some Olay, yellow ______ . ________ Ii 98 gravel. ;c _______________ 

Orcutt (1) formation: Olay, sticky, blue ________ 
Sand, yellow __ ,---------- 20 118 Sand, ye.llow, and gravel_ 
Olay, yellow ____ ~ _________ 8 126 Sand, yellow _____________ 38 146 

11/35-21R2. B. A. Tognazzini. On Santa Maria plain. Altitude 77 feet 

[Casing perforated 392 to 415 feet] 

Alluvium: Paso Robles formation-Con. 
Upper member: Sand, line streaks of clay __ SoiL _______________ . ______ 3 3 OJay, tougb, ligbt brown_ Sand _____________________ . 32 35 Sand, browIl_. _____ • _____ 

Clay and streaks of sand __ 45. BO Olay, brown, streaks of 
Orcutt (7) formation: 

saniL ___________________ 

Olay, brown, hard and Sand, bard, _c ____________ 
soft streaks of sand 40 120 Sand, bard, ligbt b,own; 

Saud, fine .. _____ :c, ______ 6 126 a little greveL __________ 
Olay, sandy, brown._. ___ 19 145. Sand, hard. white ________ 
Olay, blue ________________ 10 155 Band, hard, brown_ •. ____ 

Olay, brown ______________ Paso Robles lormation: Sand _____ .c ______________ 5 160·. Sand; a little graveL ___ ._ 
Olay. bard, and sand. ____ 7 157 Gravel and sand; a little 
Olay, .blue ________________ 8 175 clay _" __________________ 

Olay, brown, and streaks Small gravel and sand ____ 
of sand_ . _______________ 27 202 

Olay ___ . _________________ 
Ola~, b:ue_c ____ ~ _________ 28 230 .' 

Clay, blue ________________ 

50 
12 
24 
14 
7 

28 
34 

102 
9 

71 

32 
11 
15 

21 
21 

20 
22 
12 
5 

10 

5 
10 
5 
5 

11/35-25Ll. M. C. Gracia. On S·anta Maria pl.',in. Altitude 127 feet 

[OaSin~ perforated ~5 to 121, Z30 to 250, 267 to 275, 29~to 300, 3il to 313, and 325 to 3S" feet] 

Alluvium: 
Upper member: . SoiL __ . ____________ ~ ____ _ 

Sand and some graveL~~_ Clay_". ____ .-___________ _ 
· Gra vel~ _________________ _ 
i Olay .. i • ________________ _ 

Sand •. c _________________ _ 
· Oloy __ :. ________________ _ 
· Sand and graveL ________ _ 
, Sand _______ • ____________ _ 
i Olay. __ . _c ______________ _ 
, Sand .. ~ _________________ _ 

i ~~~L~~======::::========= , Olay __ , _________________ _ 
, Sand __ c _________________ _ 

O1ay. _, ________________ __ 

LOll'er member: .. ' , Gravel.. , ______________ _ 
Oroiltt'(?) formatIOn: Olay __________________ _ 

Paso Robles formation: 
Olay, blue ____________ " __ _ 
Olay, yellow _. __________ _ 

4: 
21 
1 
3 
1 
8· 
3 

19 
14 

2 
2 
1 
7 
2. 
2 
5 

.. 8 

57 

21 
8 

4 
25 
25 
29 
30 
38 ' 
41 
50 
74 

.76. 
78 
79 
86:: 
88" 
gO 
95. 

103 

160 

181 
189 

Paso Robles formation-Oon. . Sand_ . __________________ _ 
Olay ___ . ___ ~ ____________ _ 
Sand_ . __________________ _ 

Sand and some grsveL __ _ Olay, blue _______________ " 
Gra",e!. .• _________ c _____ _ 
Olay and streaks of gravel. 
Olay, tougb, blue ________ _ 
Olay., sand, and graveL __ GraveL .. __________ ._. ___ _ 

. Olay and graveL. _______ _ Sand. ___________________ _ 
".qra>,el and saniL_. ______ _ 

Clay _. _____________ , _____ _ 
, Gravel and saniL ________ _ 

OlaY. _ •• ________________ _ 
Olay, tough_ . ___________ _ 
Olay and sand ___________ _ 
Gravel. _________________ _ 
Olay, soft, and sand _____ _ 
Olay·and graveL • _______ _ 
Sand and some graveL ___ · 
Sand, wbite_ . ___________ _ 

2 
2 

15 
7 

15 
8 
Ii 

13 
10 
7 
4 

13 
2 
3 
2 
2 
3 

.8 
2 
8 
8 

21 
15 

224' 
236·:· 
260' 
274. 
281 
309' 
343, 

445. 
454 
625, 

262' 
273·. 
288 : 

309' 
330' 

350" 
372' 
384· 
390' 
400-

405 
415· 
420, 
425·. 

':1 
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TABLE lB.-Drillers records of wells in the Santa .Maria, Valley area-Continued 

1I!B·5-25P1. Dave McKeen. On Santa Maria plain. Altitude 126 feet 

[Oasing perforated 110 to 179 feet] 

T:~;:- Depth 
(teet) : (feet) 

Alluvium: 
Upper member: SoiL __________________ _ 

Sand ____________________ _ 
Olay. __ . ______________ _ 
Sand, coarso ____________ _ 

Lower member: GraveL ____ -. __________ _ 

6 
.8 
4 

90 

26 

6 
14 
18· 

108 

134 

Alluvium-Oontinued' 
, . Low;~r membef;-Oontinued Hardpan ____________ _ 

GraveL _____________ _ 
Paso Eobles formation: 

Sand and olay _______ _ 
OJay ________________ _ 

30 
15 

23 
1 

1l/35-27Hl. Hellry Tognazzini: On Santa Maria J;>]ain. Altitude 101 feet 

[Casing perforated ~OO to 115, 205 to 220, and 300 to 325 feet] 

.Alluvium: 
Upper member: SoiL _____________________ _ 

Loam, sandy~ ~_~ ____ ..,----Sand and clay ___________ _ 
Rlay:, blue .. _,, __ ... _ .... _ ..... ___ ... 

QUlcksand ______ " _____ _ 

~]ayJ yel1~;r~-- ... --... ----.. _ .. Hardpan _____________ _ 
Lower member: 
. Gravel, coarse ________ _ 

Orcutt (1) formation: . 
Clay, yellow ____________ _ 
Olay, bard, brown _______ _ 
Olay, soft, yellow_. ______ _ 
91a;y:, hard, XelJow _______ ,_ QUIcksand ____________ _ 

'li 

8 
6 

19 
13 
17 
21 
17 

23 
7 
7 
6 

16 

Paso Eobles formation: "Hardpan" ____________. 10 
8 Olay, soft_______________ 7 

14 OIay, blu€________________ .5 
33 "Hardpan," yellow_-_____ 17 
45 Gravel, ooarse__________ 4 
63 Clay, yellow ______ c______ 10 
84 Clay, blue _____ ~_________ 8 

101 OIay, yellow ______________ 3 
Sand, bard_______________ 17 

110 Sand and graveL________ 13 Gravel. ___________ .:______ 5 
133 Clay, blue________________ 34. 
140 "Hardpan," yellow______ 4 147 GraveL _ _________________ 17 
153 Olay, yellow.-----_____ . 5. 
169 

11/35-28Ll, Jjnion Sugar Co. On Santa Maria plaln. Altitude 84 feet 

[Casing perf9retad·Z73 to 278 and 290 to 390 leet] 

Alluvi1lI(l: 
Upper member: Sol1. __________________ _ 

Olay, yellow _____________ _ 
Sand and clay _________ ~ __ 

Lower member: Sand. __________________ _ 
Gr.avel) sandy ______ .:.. ___ _ 

Paso Robles (? formation: Olay, yellow. ____________ _ 

12 
46 
40 

14 
30 

64 

Paso' Robles formation: Olay, blue ______________ . 
12 Sand. _. _________________ _ 

·58 GraveL ________________ _ 
98 Cley, yellow __________ ~~c_ 

Gravel, sandy ___________ _ 
112 OJay, blua _______________ _ 
142 Gravel and coarse sand __ _ Olay, blue ____ '-_________ _ 
206 

1I/35-Z9D1. P. Peuoni. On Sal1ta Maria plain. Altitude 60 feet 

Alluvium: Orcutt (1) formation-oon.tinUed./:' Upper member: . Clay, blue ________________ 
Soil, sandy ___________ '19 19 Olay, yellow ________ ~ _____ r 
Sand, muddy, bJue _____ 4: 23 Paso Robles formation: ! Sand, line, bJue _______ c ___ 14 37 . Clay, hard, bJue __ -,." ____ i Olay, blue ___________ : ____ 

~ {2 Sand _____________________ i 
Sand, yellow _____________ 

H 86 .Sand and some graveL ___ Olay, sandy, yellow ______ g 89 Olay. sandy, yellow ______ Olay, blue ______________ 
~ 98 San d _________________ -'--_ 

Orcutt (?}tormation: . Clay, sticky, yellow. _____ Olay, yellow ______________ 
41 139 Olay, sticky, blue _______ • 

"Sediment", sandy, yel· Olay, sandy, blu. ________ Jow _____________________ . 
7 146 Clay, sticky, ·blue_. _____ 

'15 
4:, 
8· . 

31. 
15· 
S' 

1'05 .. 
9 

6 

7-
1D 
I8 

4: 
6 
1 
4: 

18 
Ii 
g' 

16.4 
179 

202 
203 

171} 
i85 
191 
208 
212 
222 
230 
233 
250 
263 . 
268 
302 
306 
323 
323 

222 
226 
234 
265 
280 
286 
g91 
400 

16i1l 

174 
191 

., lPr; 
202 
203 
207 
225 
230 
23@ 
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:TABLE 16,-Drillers recoras of wells in the:Santa Maria Valley a~ea-Colltinue,d', 

1l/35-2DR1. Union Sugar Co. On SantalV!arla, plaIn." Altitude 85.feet 

[Oasing perforated 144 to 154, 210 to 223; 310 tq 322, and 390 to 438 feet] 

Alluvium: 
Upper member: , ' 

Saud .. _" _____ .•. __ ..•.• -. 
A do be._.-.--________ • __ __ 
Olay, sandy.".c ____ .--__ • 
Sand. ____ ~ __ . _____ .• ____ _ 
Olay, sofL ______ .c _____ __ 

LO>l;er (1) member: ' Sand. ___________________ • 
Lower member: , 

Saud and some graveL. __ 
Sand and graveL __ • ______ , 
Olay, blue ___ . __ .. _____ • __ 
Gravel and boulders ____ __ 

Thick. Deptb 
§::t) (feet) 

7 
13 
20 

5 
43 

34 

10 
22 
43 
26 

7 
20 
40 
45 
88 

122 

13,2 
154 
197 
223 

Paso Robles formation: 

';gl~;; ~f\~~~:========:=: 
Sand and some,graveLc __ 
Olay, yellow, and graveL 
Sand and graveL .. ______ • 
Gravel, cemented ________ , 
Simd and graveL_. _____ __ 
Sand Bnd some graveL ... Olay, blue ___ . ___________ _ 
Gravel, cemented ______ __ 

, Sand and gravel,c--------
Gravel and boulders ____ __ 
Olay and sand_" ________ __ 

: .' S t M " lain Altitude 84 feet 1l/35-33Fl. Union Sugar 00. On an a ana. p, . 

[Oasing perforated 118 to 150, 154 to 170, and 174 to 208 feet] 

Alluvium: 
Upper member: Seil _______________ . __ . __ •. 

Olay, .• ____ " ___________ __ 
Sand. _____________ • _____ _ 
Clay .•• ________________ ._ 
San d. ____________ .~------
Clay .. _ • _______________ __ 
Sand •• __________________ . 

Lower member: 
Gravel, sandy __________ __ 

15 
17 

6 
4 

16, 
Z5 
16, 

14 

15 
32 
38 
42 
58 
84 

100 

114 

Alluviuill-Oontinued , 
Lowex member-Oontinued 

Gravel, coarse ______ • ___ •• 
Olay.". : ________________ .• 
Gravel, cemented .... ____ _ Clay __ • _______ ._. _______ _ 
Gra veIl .coa~se--_--.,. __ -_-:-­

Paso Robles forma hon: Sand. ___________ . ______ __ 
Olay, baxd, blue ________ __ 

11/J5-35Al. O n Sa:nta 11arla plain. Altitude 123 fe'et Bello. Estate. . 

,Alluvium:., " 
Upper member: , SoiL _____________________ _ 

[Oaslng perforated 125 to·lS9 feet) 

AJluviupl-Oontinued 
Lower:member: 

,'" Sand and graveL _____ .---
, . Gravel.. _______________ __ 

Tbick· Deptb 
'(f::t) (feet) 

31 
38 

4 
10 
S 
3 
5 

13 
35 
23 
3 

32 
6 

36 
4 

17-
2 

37 

18 
6 

254 
292 
296 
306, 
314 
317 ' 
322 
335 
370 
393 
396 

, 428 
134 , 

150 
164 
171 
173 
210 

228 
23>1, 

l' 

16 121 
29 150 /IBardpan" ____ ,...; ____ ...... __ _ 

Sand ..... _______________ _ 
5 

25 
20 
12 

5 
30 
50 
62 
58 ' 

105 

,'ISediment" -----_:..'----::--- . 1 '151 
42 ' 'l03' IISedimcnt'! _____ ' ________ _ 

Olay •... ___________ ., ___ _ 
I I Quicksan ~ 11 ... _____ ._:. ... ___ _ 

6 
37 

'Qra v.6L. ______________ , __ 
Paso Robl'es formation: , Olay .•• _____ .,_: ________ _ 2).£ 

REFERENC~S CITE)) 163 
WELL-NUMBERING SYSTEM 

The well~llUmbering system used by the G!301ogical.Survey in the 
,:Santa Maria Valley area shows t4e 10catiOlls of wells accordirig to the 
'rectangular system for tP:B subdivision of public land. For example, 
;in the number 10/34-14];3, which was assigned to a well withillthe city 
limits' of Santa Maria, the part of the number preceding the bar 
'fudicates the township (T. 10 N.), the part between the bar and the 
hyphen, the range(R. 34; W.) ; the digits between the hyphen and the 

'letter indica te the section (sec. 14), and the letter indicates the 4Q-acl'e 
:snb.division of the section shown in the accompanying diagram. 

D 0 B A 
~ - --.-
"E F, G R 

'----14--~ 

M' ~I~ J 

N p I' Q Ii 

,Within each 40-acre-tract the wells are numbered s el'i ally as indicated 
.by the final digit of the number. Thus, welll0/34.:..14E3 is the third 
well to. be listed in the SW?~NW?~ sec. 14.' 'As all of the Santa Maria 
yalley area is in the northwest quaclraJ.:\t of the San Bernardino 
':mei'idianand base line" the foregoing abbreviation of the township 
;and r,ange is sufficient.:, ,'The wes,t half of the area has never been public 

, -land; for this the rectangul~r system of subdivision has been Pl'oj ected. 
The correlation of Geological Smvey well numbers "nth those of 

, .'otl:ter agencies has been presented in another report (La Rocque, 
}Jpson,and Worts, 1950, tables 1 and 4,) 

,','ARNOLD, RALPB', and ANDERSON; ROBERT, 190'7, Geology and oil resources' of the 
' .. Santa 'Maria oil:district', S'anta Barbara County, Calif." U. S. Geol. Survey 

Bull. 322, 161 pp.' .,', ' ",.'. ',. " '. , 
!BLANEY, H. F., )933, Rainfall 'penetration, in: "iT elitura County 'investigations: 

"" ,'Oalifornia ))ept. Public Works,'Water Resources Div., Bull. 46, pp; 82-91 •. 
',BLANEY, H. F., and Sopp, C.' W., 1929,'Disoussion of, Sonderegger, A.L., Water 
" , supply from rainfall on valley :floors: Am. Soc. Civ. Eng. Proc., v. 55, pp. 

,2223""2228. ' 

:'BROWN, j. S.; '1925,'::A.· study ·of 'coastal ground water.With special reference to 
"'", Oonnecticut: U: S. Geo1. Survey Water-Supply Paper 537, 101 pp . 
• ', BUREAU OF THE CENSUS, 1941, Population, 1st set.: 'Number of inhabitants of 

' California, 16th Census of the United States, 1940: U. S. Dept.Oommerce. 

i, 
i 
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